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Abstract 

Palladium Catalysed Reactions of Halogenated Heterocycles 

By H. Benmansour 

The research described in this thesis can be divided into four areas: 

1-The synthesis of unusually substituted halo-fluoroheterocycles has been 

achieved. 2,4,6-Tribromo-3,5-difluoropyridine and 4-bromo-2,3,5,6-tetrafluoropyridine 

were prepared from pentafluoropyridine, aluminium bromide and hydrogen bromide. 

Reactions with lithium halides allowed the preparation of 4-iodo-2,3,5,6-

tetrafl uoropyridine, 4-iodo-2, 6-di bromo-3, 5 -difl uoropyridine, 4-iodo-2,3, 5, 6-

tetrafl uoropyridine and 4-chloro-2, 6-di bromo-3, 5 -difl uoropyridine. 

2-Reactions of 2,4,6-tribromo-3, 5-difluoropyridine with nucleophiles showed that 

selective substitution at the C-F centre can be achieved using hard (sodium ethoxide, 

phenoxide) nucleophiles. 

3-Lithium mediated reactions of 2,4,6-tribromo-3,5-difluoropyridine allowed 

selective functionalisation of the 4-position; lithium-halogen exchange occurred 

exclusively at this position giving a stable lithium derivative, which was successfully 

trapped with a range of electrophiles (trimethylsilyl chloride, acid chlorides). 

4- Palladium mediated couplings of 2,4,6-tribromo-3,5-difluoropyridine with a 

range of substituted phenylacetylenes was successful and the 2- and 6-positions were 

the most activated sites. Coupling with boronic ·acids gave the disubstituted or 

trisubstituted products; in the case of trisubstitution, all three positions (2-,4- and 6-) 

were activated towards coupling. 2,4,6-Tribromo-3,5-difluoropyridine formed a stable 

zinc derivative, which was coupled with iodoaromatics (iodobenzene, diiodobenzene ). 
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Appendix B: Mass Spectra 

1.: 2,4,6-tribromo-3,5-difluoropyridine (1) 

2. 2,6-dibromo-3,5-difluoro-4-chloropyridine (4) 

3. 2,6-dibromo-3,5,-difluoro-4-iodopyridine (5) 

4. 2,3,5,6-tetrafluoro-4-iodopyridine (6) 

5. 2,4,6-tribromo-5-fluoro-3-methoxypyridine (7) and (58) 

6. 2,4,6-tribromo-5-fluoro-3-ethoxypyridine (8) 

7. 2,4,6-tribromo-3,5-diethoxypyridine (9) 

8. 2,4,6-tribromo-3,5-diphenoxypyridine(13) 

9. 4-bromo-3,5-difluoro-2,6-diphenoxypyridine (17) 

10. 2,3,5,6-tetrafluoro-4-phenoxypyridine (18) 

11. 3,5,6-trifluoro-2,4-diphenoxypyridine (19) 

12. 2,6-dibromo-3,5-difluoropyridine (21) 

13. 2,6-dibromo-3,5-difluoroisonicotinic acid (22) 

14. 2,6-dibromo-3,5-4-trimethylsilylpyridine (23) 

15. 1, l-di(2,6-dibromo-3,5-difluoro-4-pyridyl)ethyl acetate (27) 

16. 2,6-dibromo-3,5-difluoro-4-pyridyl-phenylketone (28) 

17. his (2,3,5,6-tetrafluoro( 4-pyridyl))phenylmethyl benzoate (29) 

18. 2,6-dibromo-3,5-difluoro( 4-pyridyl)-4-methylphenylketone (31) 

19. 4-dibromo-3,5-difluoro-6-(phenylacetenyl)pyridine (33) 

20. 2,6-bis(2-phenylethynyl)-4-bromo-3, 5-difluoropyridine (34) 

21. 2,4-dibromo-3,5-difluoro-6-[2-( 4-fluorophenyl)ethynyl]pyridine (35) 

22. 4-bromo-3,5-difluoro-2-( 4-fluorophenyl)-6-[2-( 4-fluorophenyl)ethynyl]pyridine (36) 

Appendix B BO 
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Appendix A: NMR Spectra 

1. 2,4,6-tribromo-3,5-difluoropyridine (1) 

2. 4-bromo-2,3,5,6-tetrafluoropyridine (2) 

3. 2,3,5,6-tetrafluoro-4-pyridamine (3) 

4. 2,6-dibromo-3,5-difluoro-4-chloropyridine (4) 

5. 2,6-dibromo-3,5,-difluoro-4-iodopyridine (5) 

6. 2,3,5,6-tetrafluoro-4-iodopyridine (6) 

7. 2,4,6-tribromo-5-fluoro-3-methoxypyridine (7) and (58) 

8. 2,4,6-tribromo-5-fluoro-3-ethoxypyridine (8) 

9. 2,4,6-tribromo-3,5-diethoxypyridine (9) 

10. 2,4,6-tribromo-3,5-diphenoxypyridine(13) 

11. 4-bromo-3,5-difluoro-2,6-diphenoxypyridine (17) 

12. 2,3,5,6-tetrafluoro-4-phenoxypyridine (18) 

13. 3,5,6-trifluoro-2,4-diphenoxypyridine (19) 

14. 4-lithio-2,6-dibromo-3,5 -difluoropyridine (20) 

15. 2,6-dibromo-3,5-difluoropyridine (21) 

16. 2,6-dibromo-3,5-difluoroisonicotinic acid (22) 

17. 2,6-dibromo-3,5-difluoro-4-trimethylsilylpyridine (23) 

18. 1, 1-di(2,6-dibromo-3;5~difluoro-4-pyridyl)ethyl acetate (27) 

19. 2,6-dibromo-3,5-difluoro-4-pyridyl-phenylmeyhanone (28) 

20. his (2,3,5,6-tetrafluoro( 4-pyridyl))phenylmethyl benzoate (29) 

21. 2,6-dibromo-3,5-difluoro( 4-pyridyl)-4-methylphenylketone. (31) 

22. 4-dibromo-3,5-difluqro-6-(phenylacetenyl)pyridine (33) 

23. 2,6-bis(2-pheny lethyny 1)-4-bromo-3 ,5-difluoropyridine (34) 
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Appendix C: IR Spectra 

1.: 2,4,6-tribromo-3,5-difluoropyridine (1) 

2. 2,6-dibromo-3,5-difluoro-4-chloropyridine ( 4) 

3. 2, 6-dibromo-3,5,-difluoro-4-iodopyridine (5) 

4. 2,3,5,6-tetrafluoro-4-iodopyridine (6) 

5. 2,4,6-tribromo-5-fluoro-3-methoxypyridine (7) and (58) 

6. 2,4,6-tribromo-5-fluoro-3-ethoxypyridine (8) 

7. 2,4,6-tribromo-3,5-diethoxypyridine (9) 

8. 2,4,6-tribromo-3,5-diphenoxypyridine(13) 

9. 4-bromo-3,5-difluoro-2,6-diphenoxypyridine (17) 

10. 2,3,5,6-tetrafluoro-4-phenoxypyridine (18) 

11. 3,5,6-trifluoro-2,4-diphenoxypyridine (19) 

12. 2,6-dibromo-3,5-difluoropyridine (21) 

13. 2,6-dibromo-3,5-difluoroisonicotinic acid (22) 

14. 2,6-dibromo -3,5-4-trimethylsilylpyridine (23) 

15. 1, 1-di(2,6-dibromo-3,5-difluoro-4-pyridyl)ethyl acetate (27) 

16. 2,6-dibromo-3,5-difluoro-4-pyridyl-phenylmeyhanone (28) 

17. bis (2,3,5,6-tetrafluoro( 4-pyridyl))phenylmethyl benzoate (29) 

18. 2,6-dibromo-3,5-difluoro( 4-pyridyl)-4-methylphenylketone. (31) 

J9. 4-dibromo-3,5-difluoro-6-(phenylacetenyl)pyridine (33) 

20. 2,6-bis(2-phenylethynyl)-4-bromo-3, 5-difluoropyridine (34) 

21. 2,4-dibromo-3,5-difluoro-6-[2-( 4-fluorophenyl)ethynyl]pyridine (35) 

22. 4-bromo-3,5-difluoro-2-( 4-fluorophenyl)-6-[2-( 4-fluorophenyl)ethynyl]pyridine (36) 

23. 4-bromo-2,6-di[2-( 4-bromophenyl)-1-ethynyl]-3,5-difluoropyridine (37) 
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24. 3, 5-difl uoro-2, 4, 6-tris [2-( 4-bromopheny 1 )ethyny 1 ]pyridine (38) 

25. 2,6-bis[2-( 4-ch1oropheny1)ethyny1]-4-bromo-3,5-difluoropyridine (39) 

26. 2-(2-ch1oropheny 1 )ethyny 1] -4-bromo-3, 5-difl uoropyridine ( 40) 

27. 4,6-dibromo-6-[2-(2-chlorophenyl)-1-ethynyl]-3,5-difluoropyridine (41) 

28. 1-(2-{4-bromo-3, 5-difluoro-6- [2-(4- H methoxypheny1) ethynyl](2-pyridy1)} ethynyl)-

4-methoxybenzene ( 42) 

29. 4-[ 4,6-bis (3,3-dimethyl-3-silabut-1-ynyl)-3,5-difluoro (2-pyridy1)]-2,2-dimethyl-2-

silabut-3-yne ( 43) 

30. 3,5-difluoro-2,4,6-tris(2-phenylethyny1)pyridine (45) 

31. 3,5-difluoro (2,4,6-tripheny1)pyridine (46) 

32. 2,6-bis( 4-methylpheny1)-4-bromo-3,5-difluoropyridine ( 47) 

33. 3,5-difluoro-2,4,6-tris (4-methy1pheny1)pyridine (48) 

34. 4-bromo-5-fluoro-2,6-di(3-nitrophenyl)-3-pyridino1 (49) 

35. 3,5-difluoro-2,6-di(trifluoromethoxypheny1)pyridine (50) 

36. 3,5-difluoro-2,4,6-tri(trifluoromethoxyphenyl)pyridine (51) 

37. N2-buty1-(2,4,6-tribromo-5-fluoro-3-pyridy1) amine (54) 

38. 2,6-dibromo-3-fluoro-5-methoxypyridine(55) 

39. 2,6-dibromo-3,5-difluorophenylpyridine (60) 

40. 2,6-dibromo-4-( 4-iodophenyl)-3,5-difluoropyridine (61) 

41. 2,6-dibromo-4-[ 4-2,6-dibromo -3,5-difluoro-4-pyridyl)phenyl] 3,5-difluoropyridine 

(62) 

42. 1 ,4-diphenyl buta-1 ,3-diyne 
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Appendix D: Crystallographic Data 

Crystal data, bond lengths and atomic coordinates are given for the X ray structures. 

Angles, anisotropic displacement parameters and hydrogen coordinates are available on the 

Cambridge Structural Database (CDS). 

List of X Ray structures: 

1. 2,4,6-tribromo-3,5-difluoropyridine (1) 

2. 2,3,5,6-tetrafluoro-4-phenoxypyridine (18) 

3. 2,4-dibromo-3,5-difluoro-6-[2-( 4-fluorophenyl)ethynyl]pyridine (35) 

4. 4-bromo-3,5 -difluoro-2-( 4-fluorophenyl)-6- [2-( 4-fluoropheny l)ethynyl ]pyridine (36) 

5. 4,6-dibromo-6-[2-(2-chlorophenyl)-1-ethynyl]-3,5-difluoropyridine ( 41) 

6. 2,6-bis[2-( 4-chlorophenyl)ethynyl]-4-bromo-3,5-difluoropyridine (39) 

7. -{4-bromo-3, 5-difluoro-6- [2-(4- H methoxyphenyl) ethynyl](2-pyridyl)} ethynyl)-4-

methoxybenzene ( 42) 

8. 2, 6-bis( 4-methy lpheny 1 )-4-bromo-3, 5 -difl uoropyridine ( 4 7) 

9. 2,6-dibromo-4-[ 4-2,6-dibromo -3,5-difluoro-4-pyridyl)phenyl] 3,5-difluoropyridine (62) 
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CHAPTER I 

Synthesis of Fluorine Substituted Nitrogen Aromatic 

Heterocycles 

I. 1 General Introduction 

Fluorinated compounds have found numerous applications in very diverse areas: 

agrochemicals, anaesthetics, polymers and high performance materials, the dye 

industries, coatings, fine chemicals and the pharmaceutical industry. Perfluorinated 

compounds show exceptionally high chemical and thermal stabilities; in fact liquid inert 

systems are widely used as refrigerants such as HFC's (in replacement of harmful 

CFC' S banned since the Montreal protocol); whereas higher boiling inert fluids are able 

to absorb large quantities of oxygen and can be used as oxygen carriers 1. 

Fluorinated polymers have found use in the aerospace industry2 as seals, 

insulating devices and also as lubricants. PTFE (Polytetrafluoroethylene) was 

accidentally discovered by R. J. Plunkett, a scientist at Du Pont, who found that the 

contents of a cylinder of tetrafluoroethylene has polymerised3, obtaining one of the 

most thermally and chemically resistant perfluorinated polymers; PTFE is now used in 

gaskets, waterproof clothing, and non stick coating. The surface properties of 

perfluorinated compounds includes their ability to impart oil repellency to a surface and 

this property has been used in weatherproof paints, and many items are now protected 

with a layer of fluorocarbon (e.g. Scotchgard treatment). 

Great advances have been made in anaesthesia4 by the introduction of fluorinated 

compounds (such as Fluothan CF3CHBrCl), which are safer and easier to handle than 

the previously used ether and chloroform. 

Many fluorinated drugs have been developed since it was found first in 1954 that 

introducing a fluorine atom in steroids, subsequently used as anti-inflammatory drugs, 

enhanced the activity compared to the parent non-fluorinated compound. Since then 

successful fluorinated drugs have been synthesised as antibiotics5 (Ciprofloxacin), 

antifungals, antiviral agents, for the treatment of breast cancer (5-Fluorouracil) and as 

antidepressants (Prozac ). 
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Ciprojlaxacin 5-f/uoro-uraci/ 

The introduction of fluorine has shown to increase binding to and thus inhibition 

of the enzyme6 activity, reducing the rate of metabolism. Fluorine might also facilitate 

the transport across lipid membranes, since fluorinated compounds can have an 

increased lipid solubility compared to their hydrocarbon analogues. 

Fluorinated agrochemicals are widely used for plant protection as herbicides, 

fungicides and insecticides; in fact half of the molecules undergoing field trials contain 

fluorine. For example, Difluphenican is a herbicide active at low doses (65-250 g/Ha) 

with high selectivity and long action and it acts by inhibiting the biosynthesis of photo 

pigments, which disrupt the biosynthesis of chlorophyl15. 

0 FyyF 

~NAJ 
l~.A H 

N 0 

'9 
CF3 

Difluphenican 

Fluorinated compounds are also used in the dye industry and the liquid crystals 

industry, and continuous research in developing new bioactive molecules will certainly 

impart a more and more important place to fluorinated molecules in general use. 

Fiber reactive dye 
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Fluorine is the 13th element in order of abundance in crustal rocks of the earth7. 

Fluorine is obtained from three mineral deposits CaF2 (Fluorspar), Na3AlF3 (Cryolite) 

and Ca5(P04) 3F (Flouroaspatite) which is the source of the largest amount of fluorine in 

the earth's crust. In spite of the vast abundance of fluorine, only a handful of naturally 

occurring molecules contain carbon fluorine bonds. D. B. Harper and D. O'Hagan have 

listed them in a recent review and, it appears that such molecules are found in a few 

tropical plants as Dichapetalum Cymosum which accumulates the toxic fluoroacetic 

acid, and some insects such as the moth Nygmia pseudoconspersa which concentrates 

fluoride in its wings. 

In consequence, the synthesis of C-F bonds is entirely due to human research. 

Scheele first in 1717 demonstrated that sulphuric acid liberates a peculiar acid from the 

metallurgical flux fluorspar which destroys glass. In 1835, Dumas and Peligot 

synthesised the first organic fluoride, methyl fluoride, by heating dimethyl sulfate with 

potassium fluoride and this was followed by the synthesis of fluorobenzene in 1883 by 

Paterno and Oliveri. 

In 1886, Moissan produced elemental fluorine for the first time by electrolysing a 

cooled solution of potassium fluoride in anhydrous hydrogen fluoride in a platinum 

iridium cell. Later, Swarts (1898) introduced antimony fluoride as a fluorinating agent, 

which was used to synthesise the first trifluroromethyl-containing compound. His 

methodology was applied by Midgley and Henne to prepare the coolants fluoromethane 

and fluoroethane. 

The first perfluoroaromatic compound was obtained by Desirant in 1955 who 

synthesised hexafluorobenzene. It was during the Second World War ns, within the 

framework of the Manhattan Project, that the large production of perfluorocarbons 

through direct or indirect fluorination (via CoF 3) was developed. These 

perfluorocarbons had the unique properties to resist attack of the corrosive UF 6 used for 

the preparation of uranium-enriched samples of 235U. After the extensive use of 

perfluorocarbon materials in the Manhattan Project, organofluorine chemistry attracted 

the interest of many research groups and industries. 
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Fluorine possesses particular features that are listed below. These features make 

the chemistry associated with it display particular mechanistic and reactivity trends. 

H F Cl 

Electronic configuration 1s1 2s22p5 3s23p53d0 

Electronegati vity (Pauling) 2.1 4.0 3.0 

Ionisation energy 
315.0 403.3 300.3 

(Kcal/ gatom) 

Electron affinity (Kcal/g mol) 17.8 83.5 87.3 

Bond energies C-X 
99.5 116.0 78.0 

(Kcal/g mol) 

Bond lengths C-X (A) inC~ 1.10 1.32 1.77 

• Fluorine has the highest electronegativity of all elements, inducing the strong 

polarisation of a C-F bond, which influences greatly the reactivity of functional 

groups, 

• Fluorine has three pairs of unshared electrons not involved in any bonding; these 

pairs can act as a protective sheath that shields the carbon skeleton from chemical 

attack and accounts for the increased volatility of perfluorocarbons relative to 

their hydrocarbon analogues, 

• High strength of the C-F bond, which imparts some saturated fluorinated 

compounds great thermal stability, 

• Van der Waal's radius of fluorine is close to that of hydrogen and so fluorine 

introduces only small steric and geometric perturbation relative to the 

hydrocarbon counterpart. 

The aim of this project is to synthesise mixed halofluoroheterocycles, essentially 

bromofluoroheterocycles, using the different methods available from fluorinated 

heterocycles. The study of the reactivity of these bromofluoroheterocycles, and the 

selective functionalisation at the C-F and C-Br centres will be investigated using 

nucleophilic substitution and to a larger extent metal mediated reactions. Palladium 

mediated reactions in particular will be more thoroughly investigated using the ring C

Br bonds available. 
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I. 2 Synthesis of Fluorine Substituted Nitrogen Aromatic 

Heterocycles 

A large number of fluoroheterocycles are now available, ranging from 

monofluoro-substituted to fully fluorinated heterocycles. Their preparation is essentially 

dependant on the availability of precursors having certain functional groups such as 

chloro and amino groups, which may be replaced by fluorine. The various synthetic 

methods for the preparation of polyfluoroaromatics are generally applicable to 

polyfluoroheteroaromatics. 

The principal methods available fall into the following distinct categories and will 

be described in the following section: 

• Replacement of Halogens by Fluorine, 

• Replacement of Hydrogen by Fluorine, 

• Replacement of other groups by Fluorine, 

• The building block approach. 

I. 2. 1 Replacement of Halogens by Fluorine 

I. 2. 1. a The Halogen Exchange (HALEX) reaction 

The Hal ex reaction is one of the most useful and industrially4 used methods for 

the synthesis of fluoroaromatics and fluoroheterocycles. This method consists of the 

displacement of a heavier halogen (iodine, bromine, chlorine) from a ring carbon by 

fluorine using fluoride ion. The fluoride ion source is an alkali metal fluoride and the 

order of reactivity is as follows, according to their lattice energy: 

CsF > RbF > KF > NaF > LiF 

Caesium fluoride, the most effective, is too expensive to be used in industrial 

processes and sodium fluoride can only be used with very activated nitrogen 

heterocycles9. Therefore, in practice potassium fluoride is the most commonly used for 

its best compromise between cost and reactivity. 

In aromatic systems, the leaving group has to be activated by electron 

withdrawing groups ortho or para to the halogen being exchanged such as -N02, -CN,

CHO groups activating through -I and -M effects, or -CF3 and halogens activating 

through -I effects (in that case more drastic reaction conditions are needed). 
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The reaction proceeds via the formation of an anionic Meisenheimer intermediate; 

chlorine is the most easily displaced halogen since there is no bond breaking involved in 

the rate limiting step; we can therefore use cheap chlorinated substrates for this reaction. 

Reactions with chloropyridines are readily performed since ring nitrogen activates 

the ring to nucleophilic attack and stabilises the Meisenheimer complex: 

X X F 0 R:::::;=p=-~ $-R -X- ~-R ~ j 
N 

X: Cl, Br, I 

R:EWG 

Finger10 converted 2-chloropyridine to 2-fluoropyridine in DMSO after prolonged 

heating: 

A 
l!_N~Cl 

KF,DMSO u 
N F 

50% 

The necessity of using polar aprotic solvents such as DMF, sulpholane or NMP 

was established; they are able to dissolve alkali metal fluorides sufficiently by acting as 

electron pair donors to the alkali metal cation, with little solvation of the fluoride ion. 

More activated systems reacted well such as 2,3,5,6-tetrachloropyridine gave 3,5-

dichloro-2,6-difluoropyridine in shorter reaction times: 

Cl~Cl 

~,.T~ 
Cl N Cl 

KF,DMSO Cl~Cl 
-----0-- ~--~ 

24 hrs, 205 C F N F 
33% 

This technique has been extended to fully chlorinated heteroaromatics 11: 

F 

(ciJ 
N 

KF, sulpholaneCI~Cl 
0 jt __ ~ 

190 - 21 0 C F N F 
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If higher reaction temperatures are necessary the solvent can be left out; 

pentachloropyridine is converted to pentafluoropyridine under these conditions in good 

yield 11,4: 

(c'lJ 
N 

61F~ ~-t _ _J > 80% 
N autoclave 

A large number of other heterocycles12 are fully fluorinated using the Halex 

process, for example heptafluoroquinolinel3 is prepared from heptachloroquinoline: 

KF, 470°C 

autocalve e0 N 

The main problem with this synthetic method is the relatively poor solubility of 

potassium fluoride in the solvents used; improving its performance has been achieved 

by different techniques4: 

The use of spray dried KF: The poorly soluble KCl formed during the reaction 

deposits on KF particles (surface O.lm2/g) and diminishes its reactivity. Increasing the 

surface area of the KF by using spray dried KF (surface 1.5m2/g) reduces this 

undesirable effect. 

The use of phase transfer catalysts: Addition of quaternary ammonium and 

phsophonium salts increases the mobility of p- from the solid phase to the solution 

phase. Cetyltrimethylammonium bromide [(CH3)3C6HsN+B{] is effective up to 

decomposition temperature (150°C) whereas tetraphenylphosphonium bromide 

[(C6H5) 4P+Br-] was more effective at reaction temperatures up to 220°C. 

The use of crown ethers: They provide a better fluoride source by complexing 

the potassium cation; this technique found application in the laboratory, but is too 

expensive to be used in industrial processes. 

Complexes of tertiary am1nes with hydrogen fluoride or 'Proton Sponge' 

hydrofluoride can be valuable sources of fluoride ion for the Halex exchange. They 

have the advantages of being recyclable and usable in homogeneous conditions. 
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I. 2. 1. b Using Hydrogen Fluoride 

Only a few examples of fluorination of heterocycles using HF are available, 

because of the necessity of using very activated substrates and the difficulty to handle 

hydrogen fluoride. However, trichloropyrazine was converted to trifluoropyrazine in 

high yield: 

92% 
pressure 

Pentachloropyridine afforded a mixture of polyfluoropyridines: 

@ 
N 

Cl F Cl 

Cl~Cl Cl~Cl Cl~Cl 
)L_~~ + )L_~~ + Jl,T~ 

F N F F N F Cl N F pressure 

Acceptable yields were obtained with tetrachloropyrimidine by substitution at the 

most activated 2- and 4-positions9,14: 

~N 
lL~_lJ 

N pressure, 3 hrs 

F 

ci0N 

Cl)lNJ-_,_F 
48% 

Chambers15 showed that this fluoride source was useful for the fluorination of 

trichloropyrimidine at room temperature: 

PS"3HF, MeCN 
+ PS /HCI 

rt, overnight 

79% 
PS: 

"'- I \ I 

M 
~ 

Later, other workers16 generated this fluorination reagent in situ in the presence of 

triethylamine and chlorobenzodiazines were partially or completely fluorinated: 
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O,Nxcl 

N Cl 

4 PS +4/3 (Et3NJ HF) o~NxF 
·' 50% 

90°C, 75 hrs ~ N F 

The yields obtained are higher than with the procedure where the fluoride ion 

source is synthesised prior to reaction. 

Among pyridines, only chloronitropyridines underwent the exchange and the 

yields were lower than when potassium fluoride is used (76%): 

~N02 

_)L,_T~ 
Cl N Cl 

I. 2. 1. c Use of metal fluorides 

58% 

Metal fluorides were used to exchange chlorine for fluorine; 2,4,6-

trichloropyrimidine reacted with silver fluoride to afford 2,4,6-trifluoropyrimidinel4 in 

good yield: 

~N 
Cl)lNJ.___Cl 

76% 
AgF 

Using antimony pentafluoride, which acts as a Lewis acid, afforded good yields of 

difluorotriazines from trichlorotriazinesl4. When the less reactive antimony trifluoride 

was activated by bromine, chloride or antimony pentachloride, similar results were 

obtained 17. 

I. 2. 2 Replacement of hydrogen by fluorine 

I. 2. 2. a Direct fluorination with F 2 and related reagents 

I. 2. 2. a. i Direct fluorination with F 2 

Reactions of elemental fluorine were believed for a long time to be hard to control 

and complicated to perform and therefore, not synthetically very useful. Nowadays, it is 

possible to fluorinate a range of aromatics and few heterocyclic compounds under 

controlled conditions, and in good yields. 
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A number of substituted aromatics have been selectively fluorinated in good 

yields in concentrated sulphuric acid or formic acid 18. 

¢2 N02 
FbN2 

~F c. H2S04 , 0°C 

66% yield 
64% conversion 

Cl Cl 

CN CN 

¢ FbN2 

~ HCOOH, 0°C F 

65% yield 
65% conversion 

F F 

Fluorination could occur by either a single electron transfer mechanism or an 

electrophilic substitution process; using the above solvent favours the electrophilic 

process, which interacts with fluorine and makes it more susceptible to nucleophilic 

attack. 

Fluorination of benzene, phenol and toluene afforded a mixture of ortho and para 

fluoroaromatics19 but the selectivity was never very high: 

0 
OH 

6 

10% F2 /N2 

CF3COOH 

OH 

&F 
+ 

~ 

44% 

17% 

~ 79%yield 
~F 33% conversion 

OH 

¢ 72% conversion 

F 25% 

36% conversion 
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Substituted pyridines reacted with fluorine diluted in nitrogen to give 2-fluoro 

pyridines derivatives in acceptable yields20: 

A 
ClANJ 

The products formed in the fluorination of 2-chloropyridine are consistent with 

attack by an electrophilic reagent at the most electron rich C=N bond. The compound 5-

fluoroacil is synthesised on industrial scale using F2: 

Several heterocycles where successfully fluorinated using F 2 assisted by iodine 

through the following mechanism 18: 

0 
N 

_+_I_+_ B~ 8 --..... uH 
(±)~ F ~ F 

_-_HI_u 
N F 

I I 

Good yields of 2-fluoroquinoline derivatives were obtained: 

Cl Cl 

~ 
Cl~N~ 

~ 
Cl~NJlF 

~D UJ' ____ ... 
N 

c& ~ I 
N F 

69% conversion 
88% yield 

53% conversion 
67% yield 
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I. 2. 2. a. ii Using caesium fluoroxysulphate CsS04F 

2-Fluoropyridine21 was obtained in acceptable yields from pyridine under mild 

conditions in non-polar solvents using caesium fluoroxysulphate but repeating the 

reaction in methanol afforded 2-methoxypyridine only. 

0 
CsS04F u 56-61% 

N pentane N F 

CsS04F u 
Methanol N OMe 

I. 2. 2. a. iii Using fluoroxytrifluoromethane CF30F 

This reagent is a useful for the synthesis of partially fluorinated compounds, and 

has been very widely used in the electrophilic fluorination of aromaticsl2; it has also 

allowed the fluorination of uracil leading to 5-fluorouraciJ22 in good yields. 

I. 2. 2. b Using N-fluoropyridinium salts 

Umemoto23 prepared 2-fluoropyridine via base induced decomposition of N

fluoropyridinium salts with BF 4, SbF 5 or PF 6 counter ion in triethylamine: 

R 

['::) 
N 

I 

base (1 0 equi) 
R 

~\~ l!__ __ ~ 62-80% 
N F rt, 5 min 

F 

R: methyl, dimethyl, methoxy, chloro, dichloro 

This method does not require the presence of activating groups or drastic reaction 

conditions and is believed to proceed via a carbene mechanism. 

I. 2. 2. c Use of other reagents 

A wide range of new p+ reagents are now available such as Selectfluor® (1-

chloromethyl-4-fluoro-1 ,4-diazoniabicyclo[2.2.2]octane bis (tetrafluoroborate )) and 

new N-fluoropyridinium salt reagents, but they are mainly used in the direct fluorination 

of aromatics. 
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However, the synthesis of a fluoroquinoline derivative24 has been recently 

reported via direct fluorination with NFSI (N-fluorobenzenesulfonimide) in moderate 

yields: 

N02 

H3CO~ 
Using xenon difluoride XeF2 : Zupan and co-workers25 have extensively studied the 

fluorination of dibenzofuran using xenon difluoride, which yielded a mixture of 1-, 2-

and 3-fluorobenzofuran in moderate yields (30-40%). Fluorination of pyridine using 

XeF2 occurred under mild conditions, affording a mixture of 2-, 3-fluoropyridine and 

2,6-difluoropyridine26. This result was not expected since pyridine is relatively 

deactivated compared to benzene, which required the addition of a catalyst (HF, 

BF3.0Et2 ... )27. 

0 
N 

XeFb -196°C 

Q 
N F 

DCM, rt, 1.5 hr 

11% 20% 35% 

The product distribution cannot be attributed to a simple electrophilic process and 

the amount of 3-fluoropyridine formed is not consistent with nucleophilic substitution. 

Zupan has previously proposed that the similar product distribution obtained during the 

fluorination of dibenzofuran can be explained by a competitive process between ionic 

attack leading to 2-fluorobenzofuran and the formation of an ion radical intermediate 

affording 3-fluorobenzofuran25. 

Using potassium tetrajluorocobalt (KCoF4): The fluorination of pyridine with 

KCoF 4 afforded a complex mixture where polyfluoropyridines represent less than 10% 

of the composition of the mixture28: 

13 



0 
N 

F 
KCoF4,215-225°C n ~ 

+ ~-F) 
F N F N 

1% 2% 

Most of the remaining products consist of fluorinated imines resulting from ring 

opening reactions. A cation-radical mechanism29 has been proposed in the early stages 

of the reaction producing fluoropyridines followed by rearrangement and ring openings. 

When the reaction was repeated using cobalt trifluoride CoF3, widely used in the 

fluorination of aromatics 14, fewer products were recovered indicating a much greater 

decomposition. 

I. 2. 2. d Saturation-Rearomatisation 

This process involving formation of fully fluorinated-saturated fluorocarbons 

followed by defluorination (over iron for example) to afford the unsaturated compound 

has been successful for the synthesis of aromaticsl3. However, defluorination of 

perfluoropiperidine gave poor yields of pentafluoropyridine12: 

0 
N 

26% 
ECF Fe, 580- 610°C trJ 

1 mmHg, 1 s N 

I. 2. 2. e Electrochemical fluorination 

Pyridine was converted into 2-fluoropyridine using dilute tetramethylammonium 

dihydrogen trifluoride at a platinum anode30. The conversion and yields were relatively 

low (31% and 25% respectively); this yield is, however, greater than that obtained with 

pyridine I HF system. 

0 
N 

u 
N F 

25% 

MeCN, Pt anode 
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I. 2. 3 Replacement of other groups by fluorine 

I. 2. 3. a Diazotization reactions: The Balz -Schiemann process 

A diazonium salt formed from an aromatic or heteroaromatic am1ne 1s 

decomposed in the presence of a fluoride ion source: 

ArNH2 -----
heat 

ArN2+BF4 -------- ArF + N2 + BF3 

2-, 3- and 4-aminopyridine are converted to 2-,3- and 4-fluoropyridine 

respectively: 

()
NH2 NaN02 

~ --------------
N 40%HBF 

95% EtOH 

~F 
!!_ __ ) 50% 

N 

The reaction yields are improved by the addition of other fluoride ion sources 

such as PF 6-, SiF 6- and p- (from anhydrous HF), the last affording the best results31; the 

low yields obtained by the traditional diazotisation stem from the necessity of isolating 

the diazonium salt but using HF makes this unnecessary. 

4-Fluoropyridine, which is unstable and undergoes facile self-condensation, has 

been isolated as the hydrochloride salt31 from fluorodiazotization of 4-aminopyridine: 

NH2 

0 
N 

NaN021 AHF 

NH40H 
CH2Cl2 

F 

0 
N 

HCl (g) 

F 

0 
N 
HCl 

The use of pyridine as a solvent afforded even better results32 33: 

~NH2 NaN02 
!!_ __ ) -------------

N HF I Pyridine 

~NH2 NaN02 
l!_ __ jl -------------

N N02 HF I Pyridine 

~F 
!!_ __ ) 94% 

N 

~F 
!!_ __ jl 97% 

N N02 

54% 
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In general, aromatics bearing ortho and para polar groups afforded poor yields 

and low selectivity when HF /pyridine alone was used. Sasaki34 postulated that the 

addition of a reductant (such as SnCh) would promote a homolytic cleavage of the 

diazonium salt under mild conditions. By this method high yields and great selectivity 

of 4-fluorophenol has been obtained from 4-aminophenol: 

~ NH2 _N_a_N_0_2_, H_F_I_py_r_id_in_e _ ___. 0rF 

HO~ + HO~ SnC12 , Bu4N H2F 3-

90% 

100°C 

I. 2. 3. b Fluorodemetallation 

The stabilising ipso directing effect of an organometallic can be used with 

electrophilic reagents to specifically fluorinate a number of activated aromatics; this 

method is generally used for isotope labelling. 

Using Selectfluor® 1n the synthesis of fluoroindoles35 from 

trimethy lstannylindole: 

Selectfluor® 
F 

'tO N 
72% 

acetonitrile 
Ts 

Using acetyl hypofluorite in the synthesis of substituted fluorobenzenes from their 

mercury36 derivatives: 

OH 

¢ 
HgCl 

MeCOOF 
OH 

¢ 
F 

47% 
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Using elemental fluorine from tin, germanium and silicon37 aromatic derivatives: 

OMe 

¢ 70% when M = Sn 

F 

M: Si, Sn, Ge 

I. 2. 4 The building block approach 

I. 2. 4. a From fluorinated acyclic precursors 

3-Fluoropyridine was prepared via the Diels-Alder condensation of a fluorinated 

hydrazone and dimethyl acetylenedicarboxylate38: 

47% 

A large number of fluoropyrimidines have been prepared using a 'building block' 

approach, generally by reacting a 1 ,3-dicarbonyl with bifunctional nitrogen 

nucleophiles39. 5-Substituted pyrimidines may be prepared by reacting ethyl-y

fluoroacetate with amidine or gaunidine derivatives: 

+EtO'fo 

Me--<'p 
0 

OH 
MeONa F0N 

J,T~ MeOH Me N Me 
56% 

A similar synthesis afforded a range of 2-substituted-5-fluoropyrimidines using 

1,1,5,5-tetraethyl-3-fluoro-1,5-diazapentadienium iodide40 generated in situ: 
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R: Ph, Me, H, NHb NHMe 

base, MeCN 
R~NH .HCI ------~ 

NH2 70°C 
67-90% 

The use of I-F-substituted alkenyl phosphate precursors synthesised from F-alkyl 

ketones also provided a range of disubstituted fluoropyrimidines41: 

93% 

I. 2. 4. b Cyclisation 

The first example of intramolecular cyclisation in polyfluoroaromatics was 

obtained by Burdon42 by heating ethylene glycol and hexafluorobenzene; the same 

route using 2-aminoethanol gave 5,6,7,8-tetrafluoro-2,3-dihydro-1,4-benzoxazine: 

NHCH2CH20H 

0 KOH,DMF 
F 

reflux, 20 hrs 

Later, the cyclisation of a thiol substituted fluoroquinoline, using BuLi and 

dimethylacetylene dicarboxylate (DMAD), was achieved43: 

HSW"' BuLi, THF N%ocF: COzMe 
F I F --------- F I I 
~ /N ~ S C0

2
Me 

DMAD 
68% 
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Fluorocarbenes are also useful to synthesise fluoroaromatics; difluorocarbenes 

react with cyclopentadiene to give fluoroaromatics and derivatives of cyclopentadiene 

afforded substituted fluorobenzenes44: 

CHC1F2 + 0 620 -700°C 

3 to 5 s [ CP!F l -HF 

This methodology was also efficient to synthesise difluoronaphthalenes: 

ff R 

20-55% 

R: H, CH3, F, Cl 

The thermal cycloaddition of polyfluorinated olefins and 1 ,3-dienes gave 

difluorobenzenes in moderate yields: 
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CHAPTER II 

Synthesis and nucleophilic substitution reactions of 
halofluoroheterocycles 

11.1 Synthesis of halofluoroheterocycles 

There are two methodologies available for the replacement of fluorine by other 

halogens: using acid halides and using metal halides. 

11.1.1 Using Acid Halides 

Early work on hexafluoroquinolin-2-ol showed that N-perfluoroheterocycles, 

which are in general relatively weak bases, could be further activated to nucleophilic 

attack by protonation of the ring nitrogen by coordination to a Lewis or Bronsted acid. 

Ortho attack is favoured on the protonated species; this was attributed to the large base 

weakening effect of the fluorine at that position. The reaction proceeds through the 

following path: 

x~J!) 
F N 

I+ 
H 

=====~xJ!J 
F N 

I 

H 

-HF ~ ___ _.F~~J 
I 

H 

Heptafluoroquinolinel reacted in goods yields with HCl and HBr to give the 

substitution products at the 2- and 4-position. 

HX, rt, 1 0 days 

sulpholane 

~ 
V~Jlx 

X: Cl49% 
X: Br 61% 

Reaction with hydrogen iodide afforded 3,5,6,7,8-pentafluoroquinoline in addition 

to 2,4-diiodopentafluoroquinoline; the formation of the dihydroadduct was explained by 

the attack of iodine on 2,4-diiodohexafluoroquinoline compound and subsequent 

formation of the hydro compound. 
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~F 
~~T~-----

N I 

~F 
V~T~----

N I 

With pentafluoropyridinel, no reaction occurred with HI and poor yields of the 

bromo and chloro derivatives were obtained and when the temperature was raised only 

2,3,5,6-tetrafluoropyridine was formed presumably via the pyridyl anion. 

Br H 

rJ 
N 

0 
N 

0-=0 
N N 

In pentafluoropyridine, attack occurs at the 4-position first because 

pentafluoropyridine, a weak base (pKa 5.23), is weakly protonated. 

Tetrafluoropyrazine2, a weaker base, was successfully brominated using a mixture 

ofHBr and A1Br3, which produces the strong brominating agent H+A1Br4-: 

HBr, A1Br3 
40% 

1 00°C, 48 hrs 

This methodology was extended to pentafluoropyridine3 and good yields of 2,4,6-

tribromo-3,5-difluoropyridine were obtained: 

rJ 
N 

HBr, A1Br3 

150°C, 70 hrs 

Br 
F~F 
)l,T~ 

Br N Br 

88% 

Tetrafluoropyrimidine also reacted readily with H+ A1Br4- giving 2,4,6-tribromo-5-

fluorpyrimidine: 
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~N 
lL~'J 

N 

Br 

HBr, A1Br3 FfN 
1 79% 

150°C, 43 hrs Br N~Br 

II. 1. 2 Using Metal Halides 

Despite their weak nucleophilicity, metal halides (for a review see 4) react with 

polyfluoroheterocycles, and metal iodides are the strongest halogenating reagents. 

Tetrafluoropyrimidine reacts with sodium iodide In DMF to afford 

iodotetrafluoropyrimidine in 55% yield: 

~N 
lL_r_J 

N 

Nal, DMF 

16% 55% 

Pentafluoropyridine reacts with CaBr2 and CaCh to afford 4-

halotetrafl uoropyridines: 

X 

0 
N 0 

N 

X: Cl, Br 80% 
CaX2 

ethylene glycol 

II. 1. 3 Conclusion 

As shown by the review above, there are many methods available for the synthesis 

of fluoroheterocycles and mixed halofluoroheterocycles, we will therefore use these 

available methods for the synthesis of mixed bromofluoroheterocycles that are 

interesting substrates for the selective functionnalisation of the pyridine ring. 
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II. 2 Synthesis of mixed halofluoroheterocycles derived from 
pentafluoropyridine 

With the a1m of synthesising and studying the reactivity of 

halofluoroheterocycles, we decided to investigate an efficient methodology for the 

synthesis of such compounds, using the different methods provided by the literature. 

II. 2. 1 Using haloacids 

The use of the super acid H+ AlBr4- is a suitable route for the large scale synthesis 

of 2,4,6-tribromo-3,5-difluoropyridine, which was subsequently used as a model 

compound to investigate the chemistry of bromofluoroheterocycles. 

Br 

[!) 
N 

F~F 
~'T~ 

Br N Br 

80% 

(1) 

Reagents and conditions: 3 HBr, 2 A1Br3, 150°C, 62 hrs. 

Among other bromofluoroheterocycles of interest, 4-bromotetrafluoropyridine is a 

potentially useful substrate. The synthesis of 4-bromotetrafluoropyridine was previously 

achieved5 from decomposition of the diazonium salt of 4-aminotetrafluoropyridine; this 

reaction gave moderate yields in a two steps process. Repeating the reaction afforded 4-

bromotetrafluoropyridine (55% GC yield) and no further purification was attempted; the 

product was identified by comparison with an authentic sample. 

NH2 Br 

0----
N 

0 _1_1 -----0 
N N 
(2) (3) 

Conditions and reagents: i NH3 aq, rt, 30 mn. 

ii H3P04 (50% i water), 0°C, 30 mn; NaNOb 15 mn; 

CuBr in hydrobromic acid, 0°C, 15mn; warm rt. 
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Using the appropriate conditions (excess of pentafluoropyridine and aluminium 

bromide relative to HBr) in an autoclave during a relatively short reaction time, the 

product (3) was isolated by distillation or vacuum transfer in 54% conversion and 91% 

yield. 

rJ--------
N 

Br 

0 
N 
(3) 

54% conversion 
91 o/o yield 

Conditions and reagents: AIBr3 1.4, HBr 0.8, 150 °C, 20 hrs. 

Using an excess of HBr afforded 2,4,6-tribromo-3,5-difluoropyridine. However, a 

1: 1 ratio of HBr and A1Br3 with an excess of pentafluoropyridine afforded a mixture of 

2,4,6-tribromo-3,5-difluoropyridine and 4-bromotetrafluoropyridine. Scaling up the 

reaction (40 g pentafluoropyridine) and increasing the reaction time (to 48 hrs) lowered 

the yield of 4-bromotetrafluoropyridine formed. 

II. 2. 2 Using Lithium halides 

II. 2. 2. a Synthesis of 4-bromotetrafluoropyridine using LiBr 

A patent6 describes a process for the bromination of perfluoroaromatic 

compounds such as octafluoronaphthalene using LiBr as nucleophilic bromide source in 

a polar aprotic solvent gtvtng good results (e.g. 55% yield of 

bromoheptafluoronaphthalene ). 

The same methodology was applied to pentafluoropyridine and afforded a 

complex mixture, containing only low yields (15%) of 4-bromotetrafluoropyridine and 

traces of 2,4,6-tribromo-3,5-difluoropyridine. The remainder consisted of unidentified 

products of higher molecular weights and attempted purification was inefficient. 

However, 4-bromotetrafluoropyridine could be easily recovered in low yield by 

distillation. 
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Br 

PJ _ ______...._ 
N 0 

N 
15% 

(3) 

Conditions and reagents: LiBr 1 equi, sulpholane, 225 °C, 24 hr, Carius tube. 

Repeating the reaction using a large excess of LiBr led to the formation of a black 

solid only slightly soluble in dichloromethane. 

II. 2. 2. b Using LiCI with 2,4,6-tribromo-3,5-difluoropyridine 

Reaction of (1) with lithium chloride afforded 2,6-dibromo-3,5-difluoro-4-

chloropyridine (4) in excellent yields. Compound (4) was identified by 19F NMR 

(singlet at -110.5 ppm) and the isotopic pattern of the GCMS analysis. This is a useful 

procedure to exchange halogens as it can be conducted at reasonable temperatures. 

Br 

A Br N Br 

Cl 

A 93% 
Br N Br 

Conditions and reagents: LiCl 1 equiv, DMF, 92 °C, 20 hrs. 

II. 2. 3 Synthesis of 4-iodotetrafluoropyridine and 4-iodo~,6-dibromo-

3,5-difluoropyridine 

2,4,6-Tribromo-3,5-difluoropyridine reacts with sodium iodide to give 4-iodo-

2,6-dibromo-3,5-difluoropyridine (5) in good yields. First attempts using acetone or 

monoglyme as the solvent were disappointing, but the use ofDMF7 instead resulted in a 

dramatic increase of the conversion and the yield of the reaction. 
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Br 

F~F 
)L,T~ 

Br N Br 

I 

F~F 
)L,T~ 

Br N Br 
(5) 

64% 

Reagents and conditions: 5 Nai, dry DMF, 150°C, 20 hrs. 

Reaction of pentafluoropyridine with Nai afforded 4-iodotetrafluoropyridine (6) 

also in good yields, and the product was isolated by column chromatography or by 

distillation as a low melting solid; increasing the reaction time increased the proportion 

of by-products formed. 

I 

~ 
N 

0 
N 

87% 

(6) 

Conditions and reagents: Nal 4.5 equiv, dry DMF, 110 °C, 15 hrs. 

The methods used provided an entry to different halofluoroheterocycles obtained 

in good yields via relatively straightforward procedures. 

II. 3 Nucleophilic substitution reactions of highly fluorinated 
heterocycles 

Nucleophilic attack on fluorinated heterocycles is well documented8,9,4. Here we 

will describe the factors governing nucleophilic substitution in such systems, starting 

from pentafluoropyridine as a good model for rationalising the effects of fluorine and 

the role of the ring nitrogen. 

Nucleophilic substitution 1n fluoroheterocycles occurs readily; 

pentafluoropyridine being converted quantitatively to tetrafluoro-4-aminopyridine by 

stirring it at room temperature with aqueous ammonia, whereas the amination of 

pyridine takes place at 11 0°C with sodamide in toluene 10. 
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The role of fluorine atoms at the position ortho, meta and para has been 

estimated 11' 12 from the rate constants of the attack of ammonia in dioxane-water in 

comparison with a hydrogen at the same position: the requirement is to maximise the 

number of activating fluorines in the Meisenheimer intermediate. 

It has been discovered that the order of activation of fluorine relative to the 

position of nucleophilic attack is4: 

Ortho > Meta > > Para 

··-c---c- F .Cl) 

~ 
•• c---F (2) 

These effects have been explained by the fact that a fluorine in position (1) is 

strongly carbanion stabilising, but in (2) the electron withdrawal is offset by the electron 

pair repulsion and the fluorine is overall destabilising. 

F Nu Nu 

[!) Nu- ,.. Fo F_p(J F 
N~FNF FNF 

I F 
I F~F 

~,TXF 
F N Nu 

The activating effect of ortho fluorine is surprising at the first sight since we 

would expect it to be slightly deactivating, for the same reasons that a fluorine para is 

deactivating (see fig above). This has been rationalised on the basis that if the reaction 

proceeds via an early transition state, meaning initial state-like, the carbon is made 

harder and facilitates the approach of a relatively strong nucleophile13,9; on the other 

hand studies on fluorobenzene systems11 reveal that the total charge is greater at the 

ipso site of attack when an ortho fluorine is present; therefore, activation effect of ortho 

fluorine is the combination of 'initial state effect' and the ability to stabilise ionic 

complexes. 
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F prr+ F ,~ 
..--::: 

F N F 

Ring nitrogen activates attack at the 2- and 4- position which maximise charge 

density at the nitrogen atom; but there is some discrimination between the two 

positions, 4-chloropyridine is more reactive than 2-chloropyridine towards attack by 

methoxide ionl4. Attack at the 4-position is activated by four fluorines, two ortho and 

two meta whereas at the 2-position there are only three activating fluorines: therefore 

nucleophilic attack occurs exclusively at the 4-position and a large number of examples 

of nucleophilic attack on pentafluoropyridine have been reviewed in the literature4
'
8
'
9

. 

Only one example in which a significant proportion of substitution at the 2-

position was obtained along with the 4-substitution has been reported8, when 

pentafluoropyridine was reacted with the anti ketooximate salt Ph(Me)=NO- Na+; the 

formation of a complex involving the ring nitrogen and the salt accounts for the 

formation of the 2-derivative. 

0 
N 

benzene 

In other fluorinated heterocycles the same factors govern substitution; in 

tetrafluoropyrimidine attack occurs at the 4-position, while in perfluoroisoquinoline at 

the 2- and 4- positions. In these systems the directing effect of ring nitrogen is stronger 

than electron pair repulsions. When there is no para fluorine available, such as in 

tetrafluoropyrazine2 and perfluoroisoquinoline, attack occurs ortho to the ring nitrogen. 

A study on heptafluoroquinoline and heptafluoroisoquinoline showed that the nature of 

the nucleophile influences the site of attackl5: 
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76% 

HS~ HS-~ Et0-
100% ~N .______ ~k __ .,. ~ 94% 

OEt 

The activated positions in perfluoroquinoline are the 2- and 4- positions that are 

attacked by oxygen nucleophiles, and the activated one in perfluoroisoquinoline is the 

6-position attacked by sulphur nucleophiles, whereas oxygen nucleophiles attack the 1-

position. The hardness of the nucleophile has been used to account for the orientation 

pathways observed. 

II. 4 Nucleophilic substitutions of mixed 

halofluoroheterocycles 

In mixed polyhalosusbtituted heterocycles such as 3,5-dichlorotrifluoropyridine, 

4-iodotetrafluoropyridine and 4-iodotrifluoropyrimidine, the substitution is governed by 

the directing effect of nitrogen, and substitution occurs at the 2-position rather than the 

4-position for steric reasons. 

I 

AN 
~-~J 

N 

Nu 

Nu: NH3(aq)' NaOMe/ MeOH 

The mechanism proposed for the nucleophilic substitution is a two step process, 

the formation of the Meisenheimer intermediate being the rate limiting step; ortho 

bromine and chlorine are activating on account of their I- inductive effect which 

stabilises the intermediate, and fluorine activates through its initial state effect; the 

mobility of the halogens is in the order F >> Cl, Br, I. 

Para chlorine and bromine are activating and para fluorine slightly deactivating; 

in bromo and chloroheterocycles, ring nitrogen may form hydrogen bonds with the 
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nucleophile or the solvent and change the orientation of the substitution and this effect 

is non-existent in pentafluoropyridine, which is a very weak base. 

II. 5 Nucleophilic substitutions reactions on 2,4,6-tribromo-

3 ,5-difl u oro pyridine 

Our aim is to investigate the chemistry of a model bromofluoroheterocycle, and 

the reactivity toward nucleophilic substitution is the first obvious type of reaction to 

investigate. 

Taking into account the activating effects of fluorine and the directing effect of 

ring nitrogen, the 4-position appears to be the most activated position; however, we can 

expect some substitution at the 2-position on account of steric effects. 

! most activated position: 2 oF, 2m Br, 1 p N 

Br 

F~F 
~'T~ Br N Br' second most activated position: 1 o F, 1 p F, 2 m Br, 1 o N 

Reaction with sodium methoxide led exclusively to the displacement of fluorine: 

Br 

F~F 
~'T~ Br N Br 

Br 
F~OMe 
~'T~ (7) 68% 

Br N Br 

Reagents and conditions: i: 1.2 MeGNa I MeOH, rt, 55 hrs. 

Reaction with sodium ethoxide in refluxing ethanol, in the presence of 18-crown-

6-ether, led again to the displacement of fluorine and an excess of sodium ethoxide 

displaced of both fluorine atoms. 
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Br 
F~F 
)L,T~ 

Br N Br 

11 

Br 
F~OEt 
)L,T~ 

Br N Br 

Br 
EtO~OEt 

------ )L,T~ 
Br N Br 

(8), 62% 

(9), 59% 

Reagents and conditions: i: 1.2 EtONa/EtOH, 1.2 18-crown-6 , reflux, 48 hrs. 
ii: 4 EtONa/EtOH, 4 18-crown-6, reflux, 25 hrs. 

Phenol and sodium metal in refluxing tetrahydrofuran reacted with (1) to give 3-

phenoxy-2,4,6-tribromo-5-fluoropyridine (10): 

Br 

F~F 
)L,T~ 

Br N Br 

Br /0 
FXXO ,~ 

/. 

Br N Br 

Reagents and conditions: 1.2 PhON a, THF, reflux, 16 hrs. 

(10) 

All these products were purified by column chromatography and analysed by 

GCMS, NMR and elemental analysis and (10) was identified by comparison with 

previous literature data3. In all cases, a small amount (<10%) of the product 

corresponding to the displacement of bromine was observed, but was not significant 

enough to allow recovery. 

Buchwald 16 reported that the synthesis of diary! ethers from aryl iodides and 

bromides can be successfully accomplished via a copper catalysed reaction using 

caesium carbonate as a base, without the necessity to form the alkoxide and using lower 

boiling solvents such as toluene. The copper catalysed nucleophilic substitution is 

believed to proceed via the formation of the active cuprate-like intermediate [(R0)2Cur 

Cs +. We used this methodology to promote substitution at the C-Br centre rather than 

the C-F centre. The reaction was carried out in different conditions, varying the ration of 

(1) to phenol. 
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Br OPh OPh 

F:(:( FnF PhOnF 
I .--; I .--; I .--; (11), (12) 

Br N Br Br N Br Br N Br 

Br Br PhOnOPh FnOPh I~ I .--; (13), (14) .--; 

Br N Br Br N Br 

Reagents and conditions: 2 PhOH, 2 Cs2C03 , 2.5% CuBr, 5 mol% EtOAc, 
toluene, reflux, 36 hrs. 

We report in the table below the results obtained using the copper catalysed and 

uncatalysed coupling of (1) with phenol. These results are compared to the ones 

obtained via nucleophilic substitution using sodium phenoxide in ether: 

Exp Ratio (11) (12) (13) (14) 

(1)/C6HsOH 

1a 0.5 27 24 34 4 

2a 0.7 30 5 19 33 

3a 1 30 9 19 33 

46 1 28 10 20 38 

5c 1 100 

a): 2.5% copper; b): no copper added; c): sodium phenoxide, ether, reflux. 
All yields reported are GC yield. 

Comparing the results obtained in experiment 5 with experiments 1, 2, 3, and 4 

show that the conditions used modify the selectivity of the reaction, and substitution at 

the C-Br centre (from (11) and (12)) accounts for 35 to 50 %of the products formed, 

while in 5 no substitution at the C-Br bond has occurred. On the other hand, comparing 

experiment 4 (without copper) to experiments 1, 2, 3 (with copper) show that similar 

ratios and yields of substitution at the C-F and C-Br centre are obtained and, copper 

does not clearly promote substitution at the C-Br centre. Presumably, the reaction does 

not proceed via a cuprate intermediate, but the use of the weak base caesium carbonate 

in ether promotes substitution at the 4-position. 
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When the same procedure was applied to 4-bromotetrafluoropyridine, it afforded a 

mixture of 4-bromo-2,3,6-trifluoro-5-phenoxypyridine (16), 4-bromo-3,5-difluoro-2,6-

diphenoxypyridine (17) and 3,5-difluoro-2,4,6-triphenoxypyrdine (15): 

Br 
F~F 
~-~~ 

F N F 

OPh 

F~F 
~--~ PhO N OPh 

Br 
PhO~F 

~--~ F N F 

Reagents and conditions: 1 PhOH, 1 Cs2C03, 2.5% CuBr, 5 mol% EtOAc, 
toluene , reflux, 55 hrs. 

(15) ' (16) 

Here we also observe the low selectivity of the reaction and the preferential attack 

at the hard fluorine-carbon bond via a nucleophilic substitution rather than a copper 

catalysed coupling at the bromine-carbon bond. The separation of the ethers was 

difficult, only (13) and (17) were recovered by column chromatography and fully 

characterised. 

The reaction of pentafluoropyridine with phenol confirms the fact that the 

discrimination between the C-Br soft centre and the hard C-F one is responsible for the 

orientation of substitution; in fact substitution on pentafluoropyridine occurs rapidly at 

the most activated 4-position first (18), which undergoes a second substitution to afford 

2,4-diphenoxy-3,5,6-trifluoropyridine (19): 

OPh 

0 
N 0 

N 
(18)' (19) 

major 

Reagents and conditions: 1.2 PhONa, THF, rt, overnight. 

Cervera and co workers17 obtained similar results from nucleophilic substitution 

on 3-fluoro-4-chloronitrobenzene and 3,5-difluoro-4-chloronitrobenzene using soft and 

hard nucleophiles. From mechanistic and kinetic data as well as from theoretical 

calculations, they observed that: 
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• Soft nucleophiles (sulphur) attack para to the nitro group as expected 

displacing chlorine, while hard nucleophiles (oxygen) attack meta to the nitro 

group displacing fluorine, 

• This behaviour is not the result of a change of mechanism from an 

electron transfer mechanism (such behaviours are reported in related 

photochemical SNAr reactions) to a polar one, 

• Both reactions proceed through a second order reaction, the first step 

being rate-limiting, 

• Lower values of entropies observed with sulphur nucleophiles compared 

to oxygen nucleophiles suggest that the formation of the Ar-Nu bond is more 

advanced in the transition state with sulphur nucleophile and therefore 

contributes largely to the stability of the energy of interaction: it is an orbitally 

controlled reaction, 

• On the other hand, reactions with oxygen nucleophiles proceed via an 

early transition state with a less advanced formation of the new Ar-Nu bond, the 

energy of the transition state depends of the electrostatic interaction of the 

nucleophile with the nucleofuge: it is a charge controlled reaction. 

These results agree with Bartoli's18 that demonstrate that fluorine will react faster 

in these types of reactions with hard nucleophiles since the rate of reaction depends 

linearly on the polarizability of the nucleofuge. 

Previous work in our laboratory has also shown that soft nucleophiles attack 

2,4,6-tribromo-3,5-difluoropyridine at the 4-position (at the C-Br bond) only. This 

inversed regioselectivity has already been observed15 when heptafluoroquinoline and 

heptafluoroisoquinoline were reacted with oxygen and sulphur nucleophiles as 

mentioned earlier (section II. 3) 

Other fluorinated heterocycles such as 2,4,6-tribromo-5-fluoropyrimidine 

displayed the normal pattern of substitution at the 4-position regardless of the nature of 

the nucleophile. This is probably due to the fact that in this more activated heterocycle, 

the directing effect of nitrogen is stronger than the C-F interaction with the hard 

nucleophile. 

II. 6 Conclusion 
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Our methodologies provided an efficient method for the synthesis of 

halofluoroheterocycles in good yields. Reaction of 2,4,6-tribromo-3,5-difluoropyridine 

with nucleophiles demonstrate that selective functionalisation can be achieved using 

either strong or weak nucleophiles, sirice they selectively attack at the C-F or C-Br 

centre. In the particular case of phenol, it has been demonstrated that using different 

condition reactions, namely nature of the base and solvent used, the selectivity of the 

nucleophilic attack can be modified. 
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CHAPTER III 

Lithium-mediated reactions of bromofluorobenzenes, 

fluoroheterocycles, and bromofluoroheterocycles 

The lithium mediated reactions of fluoroaromatics or fluoroheterocyclic systems 

provides an entry to useful functionalisation, through the selective replacement of a 

proton or a bromine; the site of attack and the yield of the reactions are highly 

dependent upon the solvent, the nature of the base used and the temperature of the 

reaction, as illustrated by the examples below. 

III. 1 Bromofluorobenzenes 

Metalation reaction of bromofluorobenzenes showed that the site of metalation is 

sensitive to the type of solvent and the nature of the base employed; Coel observed that 

2,4-difluorobromobenzene reacted with LDA (lithium diisopropylamide) in THF to 

give the 3-lithio-2,4-difluorobenzene by abstraction of the more acidic proton, whereas 

using BuLi (butyllithium) in ether gave the bromine-lithium exchange product: 

F 

¢t~i 
Br 

F 

~F 
Li 

The same phenomenon was observed when 1 ,5-dibromo-2,4-difluorobenzene, 

2,3, 4-trifl uoro bromo benzene, 3, 4-difl uorobromobenzene, 3, 4-difl uoro-1 ,2-

dibromobenzene and 2,3,5,6-tetrafluorobromobenzene were employed. 
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Bridges2 obtained similar results with 2,4,5-trifluorobromobenzene; in addition he 

observed that using a mixture of BuLi and TMEDA in ether afforded the same results as 

BuLi in THF. 

COOH 

~~~i, et/ F-o--F 
Br ~i THF F COOH Br F-o--F COz , F-o--F F--Q-F 

F F F COOH 

BuLi/TMEDA, ether 
C02 

as above 

100 

This was explained by the fact that in ethereal solutions alkylithium species exist 

as oligomeric aggregates, which are too inert to promote hydrogen-lithium exchange. 

Good lithium chelator additives such as TMEDA or DABCO are strong enough to break 

up these tight aggregates to the more reactive dimers or even monomers and enhance 

the basicity of butyllithium; tetrahydrofuran has the same depolymerising effect. 

The above results and those obtained by Schlosser3 with bromofluoro-substituted 

arenes showing facile LDA demetalation shows the strong activating effects of a 

fluorine atom on neighbouring C-H bonds. 

Nevertheless, bromine atoms do enhance proton mobility at neighbouring centres: 

F 
F~Li 

u 
Br 

However, ortho-litihated halobenzenes undergo rapid benzyne formation at 

temperatures below -50°C. 

III. 2 Fluoroheterocycles 
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Chambers4 first demonstrated ortho-metalation processes on polyfluoropyridines. 

Among the halogens fluorine is the most useful ortho-director in metalation reactions, 

whereas other halogens such as bromine and iodine favour halogen-metal exchangeS. 

Directed ortho-metalation chemistry in heterocyclic chemistry is valuable because 

halogens can undergo functionalisation via addition-elimination, metal-halogen 

exchange, nucleophilic substitution and cross coupling reactions. When metalation of 2-

fluoropyridine5 was carried out using butyllithium, the lithio derivative was obtained 

along with the addition product; complete chemoselectivity was achieved with the more 

selective LDA: 

C1 
N F 

Ht) 
Bu 1';-J 

Li 

LDA, THF, -75°C 

+ 
F 

~Li 
l!__ __ ~ 

N F 

The "soft" character of n-BuLi favours nucleophilic reactivity, whereas the "hard" 

LDA leads to protophilic attack. The same results were obtained with 2,5,6,7 and 8-

fluoroquinoline5: 

CO n-BuLi I LDA I TMEDA ~ + 

N p TMSCl ~N~Bu 

8% 

roTMS 
'-': 

N F 

29% 

Metalation of 3-fluoropyridine6 with n-BuLi afforded low yields and poor 

regioselectivity, treatment with n-BuLi I TMEDA complex afforded 2- or 4-substituted 

products; the 2-lithio species predominates in ether while the 4-lithio intermediate is 

obtained in THF: 
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BuLi/TMEDA 

()F __ -_4_0_
0

_C_, 3_o_mn_.,.. 

N 

THF (%) 

68 

0 

Li 

(rF 
N 

3 

75 

In ether, coordination of the base with ring nitrogen is favoured and lithium

nitrogen chelation increases the acidity of the 2-proton; both effects lead to C-2 proton 

abstraction. At higher temperatures or with longer reaction times the 2-lithio derivative 

equilibrates with the thermodynamically more stable 4-lithio derivative. In free 3-

fluoropyridine, the proton at the 4-position is more acidic. This has been rationalised on 

the basis of the electrostatic repulsion between the nitrogen unshared electron pair and 

the C-Li bond of the developing 2-lithiated species. Proton abstraction in THF occurs at 

the most acidic 4-position since the base/pyridine chelate is dissociated and the 

metalation is kinetically controlled at the most acidic 4-position. 

Complete regioselectivity at the C-2 position was never observed with TMEDA; 

using DAB CO ( -75°C, 1 hr, Et20) and trapping with TMSCl afforded the 2-silylated 

derivative in 80% yield, with less than 1% of the 4-adduct. 

This might result from the poor solubility of the 2-lithio species in the DABCO 

solution, slowing down the isomerisation from the 2- to the 4-lithio derivatives; the use 

ofLDA as a base afforded the 4-lithio derivative exclusively?. The lithia-derivative was 

stable up to - 20°C and was successfully trapped with furan: 

BuLi/TMEDA & 
N 

III. 3 Bromofluoroheterocycles 

20% 
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Metalation of 4-bromomtetrafluoropyridine8 afforded the 4-lithio derivatives by 

nucleophilic attack on bromine, which was trapped with N-methylformanilide to afford 

the 4-aldehyde in good yield: 

Br 

F~F 
~,TA 

F N p 

BuLi 
Li n N-methyl 

F ~ F formanilide ____ ___. I ~ ----~ 

F N p 

CHO 

F~F 
~,TA 

F N p 

66% 

Subsequent oxidation of the aldehyde afforded tetrafluoroisonicotinic acid in good 

yields (79% ). 

Metalation of 2-fluoro-3-bromopyridine gave different results depending on the 

temperature and reaction times5: 

QBr BuLi c(oH (1) 
90% 

~ 

- 60°C, Me2CO 
~ 

N F N F 

BuLi,-~ 6( 6H OH Br 

Q Me2CO + + 
....-:: 

N F N F N F 

20% 30% 50% 

(2) (3) (4) 

Formation of (2), (3) and ( 4) were rationalised by a series of Halogen Scrambling 

and Metal-Halogen exchange reactions outlined below: 

Bromo-lithium exchange: with butyllithium (0.5 equiv): 

~Br 

~,T'l\ 
N F 

I 

~Li 

~,T'l\ 
N F 

II 

Homotransmetalation: (II) undergoes equilibrium transmetalation with the starting 

material (I): 

43 



CCBr 
+ 

./. 

N F 

I 

~Li 

~,_T'l\ 
N F 

II 

0 
N F 

III 

Formation of catalytic amounts of 3,4-dibromopyridine: 

CC
Br 

./. 

N F 

I 

+ 

Li 
~Br 
~,.TA 

N F 

IV 

+ 

Li 
~Br 
~,.TA 

N F 

IV 

Br 
~Br 
~,.TA 

N F 

VI 

Bromo migration: formation of the stabilised intermediate (VII) and regeneration 

of (VI), via a halogen dance reaction9: 

Li 
~Br 
~,.TA + 

N F 

IV 

Br 
~Br 
~,.TA 

N F 

VI 

6
Br Br , 

+ 
./. 

N F 

VI 

Br 

~Li 
~,.TA 

N F 

VII 

The metalation of 2-bromo-3-fluoropyridine is dependent upon the temperature of 

the reaction 10: 

aF BuLi, THF, - 60°C aF 
./. ./. 

N Br N Li 
Li Li 

~ aF aF CcF + + 
.....::: .....::: 

BuLi, THF, T > - 60°C N Li N N Br 
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III. 4 Lithium mediated reactions of 2,4,6-tribromo-3,5-

difluoropyridine 

The results above demonstrate that bromo substituted aromatic systems are good 

substrates for lithium mediated reactions, we were therefore interested in exploring the 

reactivity of halogenofluoroheterocycles such as 2,4,6-tribromo-3,5-difluoropyrdine (1) 

in lithium mediated reactions. 

Reaction of (1) with BuLi 1n dry ether (or THF) afforded 2,6-dibromo-3,5-

difluoropyridyllithium (20) exclusively; its formation is indicated by the change of 

colour from colourless to yellow and if the temperature rose above -65°C or moisture 

was present during the dropwise addition of butyllithium, the solution turned to a black 

tar. 

Br 

F~F 
)L,T~ ---

Br N Br 

(1) 

Li 

F~F 
)L,T~ 

Br N Br 

ii 
H 

F~F 
)L,T~ 

Br N Br 

87.6ppm ~ :& 
(20) 1~ F 0 

I~ 
/. 

Br N Br 

Reagents and conditions: i 1.2 BuLi in dry ether, -78 °C, 90 mn; ii H20, RT. 

71%, (21) 

2,6-Dibromo-3,5-difluoropyridyllithium (20) was stable at room temperature, 19F 

NMR gives a singlet at -87.6 ppm (compared to -103.7 for (1)) and the nature of the 

intermediate was further confirmed by trapping with water to afford 2,6-dibromo-3,5-

difluoropyrdine (21). The structure of (21) was confirmed by 19F NMR, which gives a 

doublet at -109.2 ppm eJHF 6.8) typical of these 3,5-difluoropyridine derivatives and 

shows the symmetry of the molecule. GCMS analysis shows a characteristic three line, 

two bromine pattern. 

The 4-lithioderivative was reluctant to lose LiF since attempts of trapping the 

resulting pyridyne with furan .at different temperatures (-30°C to room temperature) 

failed and only the 4-hydro derivative was recovered after work up; 4-

bromotetrafluoropyridine4 also failed to lose LiF. 

45 



The stability of the 4-lithioderivative can be explained by the stabilising effect of 

the two ortho fluorines to the site of attack. The stable 2,6-dibromo-3,5-

difluoropyridyllithium derivative was subsequently trapped with a range of electrophiles 

as described below. 

III. 4. 1 Carbonation of 2,4,6-tribromo-3,5-difluoropyridine 

Solid carbon dioxide and 4-lithiotetrafluoropyridine gave moderate yields of the 

isonicotinic acid derivative; the solution of 4-lithioderivative was therefore poured onto 

solid carbon dioxide and allowed to react for two hours. The yield obtained was still 

low. In fact, the crude product contained large amounts of the hydrolysis product 2,6-

dibromo-3,5-difluoropyridine. Tamborski 11 showed that the carbonation of 

pentafluorobenzene by bubbling C02 gas gave very good yield of the acid derivative: 

H 

0 BuLi, ether 

-78°C, 5 min 
C02 gas 

COOH 

0 67-83% 

Chambers12 also obtained good results for the carbonation of 2,3,5,6-

tetrafluoropyridiylmagnesium bromide when dry C02 was bubbled through the solution: 

MgBr 0 C02 gas 

N -10 °C, 2 hrs 

COOH 

~ 
N 

59% 

This alternative method was used and C02, dried by passing down a calcium 

chloride tube, was bubbled into the solution for 3 hours while the temperature was 

allowed to rise to room temperature and stirred overnight with stirring. 
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Br Li 

F~F F~F butyllithium 
)l,T~ ------

Br N Br 
)l,T~ 

Br N Br 

C02H 

F~F 
)l, T~ 35%(22) 

Br N Br 

-87.6 ppm 

(20) 

Reagents and conditions: C02 gas, -65 °C, 3 hrs, RT overnight 

The yield of 2,6-dibromo-3,5-difluoroisonicotinic acid (22) obtained was slightly 

better, and the presence of some 2,6-dibromo-3,5-difluoropyridine was detected. 

Increasing the reaction time did not improve the yield of (22). 

III. 4. 2 Reaction of (1) with alkylated group IV electrophiles 

III. 4. 2. a With trimethylsilyl chloride 

When (1) was trapped with trimethylsilyl chloride, the 4-silylderivative was 

obtained in high yield and was purified by column chromatography and sublimation. 

Li 

F~F 
)l,T~ 

Br N Br 

Reagents and conditions: 1.2 Si(CH3) 3Cl, -78 °C, 75 min, RT overnight 

Using a two-fold excess of butyllithium and trimethylsilyl chloride resulted, 

according to GCMS analysis, in a mixture of the mono and the disilyl derivative. These 

two products were difficult to separate since the disilyl derivative degraded on the 

chromatography column. 

III. 4. 2. b With tributyltin chloride 

Trapping of (20) with tributyltin chloride gave low yields of (24); which was not 

expected since tributyltin chloride is more reactive towards nucleophiles compared to 

the silyl analogue. 
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Li 

F~F 
Y ... T~ 

Br N Br 

Sn(C4H9) 3 

F~F 
)l,. T~ (24) , 20% (not isolated) 

Br N Br 

Reagents and conditions: 1.2 Sn(C4H9)3Cl, -78 °C, 2 hrs, RT overnight 

A number of fluorinated compounds were present in the crude mixture. The 

reaction was repeated using a non-aqueous work up since we suspect that the addition 

of water during the hydrolysis of the crude mixture might provoke the decomposition of 

the stannate and formation of the 4-hydro compound. In ethereal solution, the work up 

was modified; potassium fluoride was added to the crude mixture to precipitate the 

remaining tributyltin chloride in the form of tributyltin fluoride. Nonetheless, analogous 

low yields were obtained. 

Tin is much larger than silicon and it bulkiness may account for this low reactivity 

with 2,4,6-tribromo-3,5-difluoropyridine. However, In comparison, 2,3,4,6-

tetrafluoropyridineB was reported to react in good yield with both silyl and tin 

derivatives; tributyltin chloride afforded better yields. 

III. 4. 3 Reactions of (1) with acid chlorides 

III. 4. 3. a With acetyl chloride 

When 2,6-dibromo-3,5-difluoropyridyllithium (20) was trapped with acetyl 

chloride, the GCMS analysis indicated the presence of the expected methyl ketone (25) 

(23%), the 4-hydrocompound (21) (30%) and another unknown brominated product 

(3 7% ). The 1 H NMR spectrum of this unknown species showed the presence of two 

methyl groups, one at 8 2.34 ppm and the second one at 2.16 ppm. The mass spectrum 

indicated a molecular weight of 630, consistent with an even number of nitrogen atoms 

in the molecule. The singlet obtained in the 19F NMR (-108 ppm) confirmed the 

symmetrical nature of the compound while elemental analysis confirmed the empirical 

formula C14H90 2N2Br4F4. All these data suggest that the structure of the unknown 

product is (27), and a mechanism of its formation is shown below: 
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Li 

F~F 
)L,T~ 

Br N Br 

Br 

Br Br 

(27) 69% 

slow 

fast Br 

Li 

F~F 
)L,T~ 

Br N Br 

(26) 

Reagents and conditions: 1.2 CH3COC1; -78 °C; 2 hrs; -15 °C, 
1hr; 0°C, 1 hr; RT overnight 

The 2,6-dibromo-3,5-difluoro-4-pyridiyl methyl ketone (25) is produced first, but 

is more reactive than acetyl chloride towards the 4-lithiocompound; a second reaction 

takes place to give 1,1 ,-bis-(2,6-dibromo-3,5-difluoro-4-pyridyl)ethoxide (26). This salt 

reacts further with acetyl chloride, and ester formation occurs to give the corresponding 

1, 1-di(2,6-dibromo-3,5-difluoro-4-pyridyl)ethyl acetate (27). 

When the reaction was repeated with an equimolar ration of acetyl chloride (with 

respect to 2,4,6-tribromo-3,5-difluoropyridine), the ester (27) was formed almost 

exclusively in high yields (69% isolated). The second reaction occurs much faster than 

the first step, otherwise the 2,6-dibromo-3,5-difluoro-4-pyridiyl methyl ketone only 

would have been formed and the third stage also, since we did not obtain a mixture of 

2,6-dibromo-3,5-difluoro-4-pyridiyl methyl ketone and 1,1 ,-bis-(2,6-dibromo-3,5-

difluoro-4-pyridyl)ethanol upon aqueous work up. We can conclude that 2,6-dibromo-

3,5-difluoro-4-pyridyl group is more electron withdrawing than chlorine, despite its 

bulkiness compared to acetyl chloride. 
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Reaction of 2,3,4,6-tetrafluoropyridine with acetyl chloride gave similar results as 

reported by Coe 13 during the course of this work: 

F 
F~Li 
)L_~~ 

F N F 

81% 

Reagents and conditions: - 70°C, 30 min; warm RT, lhr; stir RT, lhr. 

III. 4. 3. b With benzoyl chloride 

2,6-Dibromo-3,5-difluoropyridyllithium was trapped with benzoyl chloride to 

form the ketone derivative and after optimisation of the experimental conditions, 2,6-

dibromo-3,5-difluoro-4-pyridyl-phenylmethanone (28) was obtained in reasonable yield 

(57%). 

Li 
F~F 
)l,T~ 

Br N Br 
(28)' 57% 

Reagents and conditions: 1.2 C6H5COC1; -78 °C; 3 hrs; -15 °C, 1hr; 
0°C, 1 hr; RT overnight 

The structure of (28) was elucidated without ambiguity by 19F NMR, which 

showed a singlet at -112.2 ppm ((1) at -103.7 ppm); 13C NMR showed the expected 

downfield chemical shift of the carbonyl group at -184.5 ppm. Microanalysis and mass 

spectroscopy were also consistent with the proposed structure. 

In contrast, reaction of 2,3,5,6-tetrafluoropyridine with benzoyl chloride 

surprisingly afforded a mixture of (29) and (30) in the ration (3.6: 1), and the ester was 

isolated in 55% yield. 
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H 
F~F 
jl __ ~ -----

F N F 

Li 
F~F 
jl __ ~ 

F N F 

11 

Reagents and conditions: i 1.2 BuLi in dry ether, -78°C, 45 mn; 
ii 1.2 C6H5COC1; -78 °C; 30 mn; R T 2 hrs. 

(29)' 55% 

(30) 

The ester (29) formation probably goes through the same mechanism of formation 

of 1,1,-bis-(2,6-dibromo-3,5-difluoro-4-pyridyl)ethoxide (27). (30) is still more reactive 

(more electron withdrawing) than benzoyl chloride towards 2,3,5,6-tetrafluoro-4-

pyridyllithium in spite of its bulkiness. 

III. 4. 3. c With p-toluyl chloride 

p-Toluyl chloride was reacted In the same way with 2,6-dibromo-3,5-

difluoropyridyllithium, and (31) was exclusively formed. Complete conversion was 

observed, and only traces of the 4-hydro-compound were detected. 19F NMR analysis 

gave a singlet at -112.3 ppm corresponding to the two equivalent fluorines of the 

symmetric molecule and X ray analysis confirmed the structure (see fig 1). 

Li 
F~F 
)l,T~ 

Br N Br 

UCH3 
----F:6F (31), 77% 

Br N Br 

Reagents and conditions: 1.5 CH3C6H4COCI,- 78°C, 3 hrs;- 15°C, lhr; RT overnight. 

X ray analysis of (31) 

X ray analysis of a crystal of (31) showed that the pyridine rings are arranged in a 

parallel fashion, whereas the benzene rings are arranged in an edge to face ( ef) 

configuration (Fig 2). Two neighbouring molecules are related by an inversion centre, 
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which results in a reverse arrangement of the pyridyl rings (Fig 1 ). The distance 

between two neighbouring pyridyl planes is 3.638 A and the dihedral angle between the 

aromatic carboxyl group and the pyridyl group is 118.74(19)0
• 

Fig 1: two neighbouring molecules of(31) 

The arrangement of the benzene rings in (31) is similar to the most favourable ( ef) 

arrangement observed in the crystal structure of the isolated benzene molecule. This 

arrangement corresponds to the local minimum repulsion 14 arising from the coulombic 

attraction between hydrogen atoms and carbon atoms from neighbouring molecules, 

although crystal arrangement in benzene crystal molecule has also been rationalised on 

the basis of interactions between electric quadrupole moments. 

Fig 2: Packing Arrangement of (31) 
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The crystal structures of many arene-fluoroarene compounds have been studied 

and they generally display an alternate face-to-face stacking of arene and perfluorarene 

molecules. The first example of such arrangement was provided by the crystal structure 

of a ( 1 : 1) mixture of benzene and hexafluoro benzene 15. This directing effect has been 

utilised for the synthesis of self-organised aggregates of polymeric or oligomeric 

materials for electronic and optoelectronic devices 16
-
18

, and to orient olefinic molecules 

in the solid state and induce topochemical [2+2] photocycloaddition reactions 19
. This 

alternate packing observed in arene-fluoroarene complexes is thought to result from the 

electrostatic interaction of electric quadrupole moments of opposite signs, which 

determines the overall structure of the solid, even if a network of weakly polarised 

hydrogen bonds might also contribute to stabilising the lattice20
'
21

. However, recent 

calculations estimating the intermolecular energies in such systems suggest that van der 

Waals interactions are the major contribution to the total energy, and that electrostatic 

interaction ( quadrupolar interactions) represent less than 15% of the total energy22
. The 

study of this interaction has not been extensively investigated for mixed 

fluoroheteroaromatic-aromatic compounds, but the example of 4-( 4-biphenyl)-2,3,5,6-

tetrafluoropyridine has been reported23 and the alternate parallel packing has also been 

observed with other fluorinated aromatic rings. 

In the case of (31), non alternate packing is observed and this is probably due to 

the low level of fluorination of the pyridine ring, in fact no alternate stacking has been 

observed in the literature with rings containing less than four fluorine atoms, whether 

this is the result of electrostatic or van der Waals interactions is beyond the scope of the 

present discussion. The distance between two parallel pyridine planes in (31) is larger 

than the typical length of a n-n interaction, therefore the configuration observed 

probably results from the most energetically favourable arrangement of the pyridine 

rings, in other words the best way to 'fill the space'. 

We studied the solid state structure of 4-phenoxy-2,3,5,6-tetrafluoropyridine (18) 

(Fig 3), containing a more highly fluorinated pyridine moiety. We observed in that case 

a partial overlapping (Fig 4) between the benzene and the pyridine rings, and the 

calculated distance between the two rings is 3 .4 A, which might indicate the occurrence 

of aromatic interactions. The lone pair of the oxygen atom might participate in hydrogen 

bond interactions or contribute to offset the parallel stacking via electrostatic repulsion. 
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Fig 3: packing arrangement of (18) 

Fig 4: Partial overlapping in (18) 

III. 4. 3. d With benzyl bromide 

Trapping of 2,6-dibromo-3,5-difluoropyridyllithium with benzyl bromide afforded 

low yields (10 %) of the expected 4-benzyl-2,6-dibromo-3,5-difluoropyridine (32), 

along with the 4-hydro compound, as identified by GCMS analysis. No starting material 
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(1) remained in the crude mixture; we suspect the formation of polymeric material to 

account for the low yield. 

Li 
F~F 
)l,T~ 

Br N Br 

0 
F {"F ------)CX 

Br N Br 

(32), 10% 

H 
F~F 
)l,T~ 

Br N Br 

Reagents and conditions: 1.2 C6H5CH2Br, - 78°C, 1 hr; - 15°C, 
1 hr; R T overnight. 

Heating the solution to reflux after addition of benzyl bromide did not improve 

the yields, but some nucleophilic substitution product appeared. Better yields (25%) 

were obtained via the formation of the copper intermediate24
, achieved by the addition 

of copper iodide to the solution of 2,6-dibromo-3,5-difluoropyridyllithium at low 

temperature. However, separation by column chromatography failed. In general, this 

reaction was very unreliable, and the reproducibility of the results difficult to reach. 

Li 

F~F 
)l,T~ 

Br N Br 

Cu 

F~F 
)L,T~ 

Br N Br 

0 
F {"F ---..... )CX 

Br N Br 

11 

(32)' 25% 

Reagents and conditions: i 2 Cui; -78°C, 4 hrs; ii 1.2 C6H5CH2Br, -78°C, 
1 hr; -15°C, 1hr; RT 16 hrs 

III. 5 Conclusions 

The results obtained demonstrate that 2,4,6-tribromo-3,5-difluoropyridine 

undergoes exclusive metal halogen exchange at the 4- position from the most stable 

carbanion due to the presence of the two ortho fluorine atoms. The lithia-derivative 

formed is stable and can be trapped by a variety of electrophiles (e.g. TMSCl, acid 
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chlorides), and therefore lithium-mediated reactions are a useful methodology for the 

selective functionalisation of (1) at the 4-position. 
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CHAPTER IV 

Palladium Catalysed Cross Coupling Reactions 

IV. 1 General introduction 

Cross coupling reactions of organometallic reagents with organic halides (or 

triflates) is one of the most straightforward and elegant methods for carbon-carbon bond 

formation, since the polarity of the carbon-metal in these reagents confers a nucleophilic 

character to the carbon bound to the metal and allows a variety of reactions with carbon

centred electrophiles which would be otherwise impossible. 

Until the late 1960's, only Grignard and lithium reagents were used to accomplish 

these couplings but they were mostly limited to alkenyl halides and characterised by 
1 

their low chemoselectivity. In 1972, Kumada and Coriu reported that the reaction of 

Grignard reagents with alkenyl or aryl halides could be catalysed by nickel. Murahash/ 

reported later the palladium catalysed version of Kumada-Coriu reaction of Grignard 

reactions, demonstrating the high stereoselectivity of the reaction: 

cat. Pd(PPh3)n 
PhHC=CHBr + RMgX ------.PhHC=CHR 86-100% 

R: Me, CH2=CH, p-MePh 

It was discovered afterwards the higher sterospecificity and therefore superiority 

of palladium over nickel in these reactions. Further studies established the feasibility of 

Palladium-Catalysed Cross-Coupling reactions of organometallic complexes with vinyl 
3-5 

and aryl halides, triflates and even diazonium salts . Palladium catalysed cross 

coupling reactions may utilise a variety of metals such as Mg, Zn, B, AI, Sn and Cu as 

counterions; even organosilanes can be successfully used despite the low ionic nature of 

the C-Si bond. 
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Historically the Heck-Mori
6

-
8 

reaction discovered in the late 1960's 

simultaneously by American and Japanese groups, was the first palladium catalysed 

reaction designed and relatively well understood from the mechanistic point of view; 

the process enabled the effective coupling of aryl and alkenyl halides (or triflates) with 

alkenes. 

Nowadays, palladium catalysed coupling reactions display a broad scope of 

reactions with respect to the two carbons to be coupled, in fact reaction with alkynyl 

nucleophiles, hydrometallation, tandem processes
9 

and aryl aryl coupling 
10

'
11 

have been 

achieved successfully. Therefore palladium catalysed coupling is a powerful method for 

the synthesis of complex molecules and is in consequence used in many industrial 

processes 12-14. 

IV. 2 General features 

Organotransition metals enjoy the presence of partially filled d orbitals, which 

gives access to new reaction pathways unavailable for main group organometallics 
15

• In 

consequence these elements have a number of stable oxidation states, geometries and 

coordination numbers; their reactivity towards organic reagents is directly related to 

these features. This diversity has the advantage to make them highly stereospecific but 

at the same time inconveniently sensitive to small changes in the substrate that can turn 

an efficient reaction into a reaction that does not proceed; this obstacle is generally 

overcome by the fine tuning of the reactivity through the choice of appropriate spectator 

ligands coordinated to the transition metal. 

Palladium exists in two stable oxidation states +2 (d8
) and zerovalent (d 10

) state 

and participates in two types of bonding: cr donor bonds which are formed by overlap of 

the filled sp3 hybrid orbitals of the ligands with vacant dsp orbitals of the metal and 

back donating bonds which are formed by the filled d orbitals of the metals back 

donating density to the ligand by overlap with vacant antibonding n* orbitals. 

Therefore, the electronic density of the metal can be modulated by varying the nature of 
16 

the ligand L (L: PPh3, RCN, OAc) at the metal centre . Pd(II) complexes such as 

Pd(PPh3)2Cb are electrophilic and react with electron- rich organic compounds; they are 

generally catalyst precursors for Pd(O) catalysed processes. Pd(O) complexes are on the 

other hand strong bases and nucleophiles; the most common ones are PdP(Ph3)4, 

Pd(dba)2 or Pd2(dba)3.CHCb. The sources of Pd(O) necessary for catalysed reactions 
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shown below represent only a tiny part of the large spectrum of catalysts available 

today, which are often synthesised to suit the requirements of a particular type of 

coupling. 

IV. 3 General mechanism of the Palladium-Cross-Coupling 

reactions 

Palladium-Cross-Coupling reactions are generally accepted as proceeding through 

the following simplified mechanism: 

R-R' 

Pd(O) 

R-P~(II) R-Pd(II)-X 

R' ~ 
~ R:-Pd(II)-R' 

R'M 

MX 

Scheme 1: General mechanism of a Metal Mediated 

Cross-Coupling reaction 

IV. 3. 1 Oxidative addition 

The first step that involves the addition of Pd(O) complexes to organic halides and 

related electrophiles; the coordinatively unsaturated transition metal (Pd) in a low 

valence state (therefore electron-rich and prone to oxidation) formally inserts into a 

carbon-halogen bond and is oxidised to Pd(II) to form the thermodynamically favoured 
17 

(from the equilibrium with the cis-complex) trans-cr-Pd(II) complex; the metal is 

being oxidised and the substrate reduced, therefore electron-deficient substrates are 

more reactive than the electron-rich ones. The substrates should be halides (or triflates) 

lacking P-hydrogens since P-hydride elimination occurs very fast. 

Good cr donor ligands at the transition metal generally facilitate the oxidation and 

1t acceptors suppress it. If Pd(II) complexes are used as source of Pd(O), they are 

reduced in situ by triphenylphosphine or the nucleophile itself. Three mechanisms are 
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possible for the oxidative addition step and depend on the nature of the reaction 

partners: a) a concerted associative one step insertion, best known for non polar 

reactants such as oxidative addition into C-H bonds (hydrocarbon activation); b) 

electron transfer radical chain mechanism; and c) ionic two step SN2 process, most often 

observed with strongly nucleophilic low valent metals and SN2 substrates, the rate law is 

second order, and polar solvents accelerate the rate of oxidative addition; this latter 

mechanism is the more likely to occur when the transition metal used is palladium. 

h h . . d" d d b 18-21 T e mec an1st1c stu 1es con ucte y C. Amatore have established many 

important facts: 

-When a general source of Pd(O) such as the tetrakis triphenylphosphine complex 

Pd(PPh3)4 is used, the active species in solution is the low ligated complex Pd(O)(PPh3)2 

14-electron species formed by spontaneous deligation of Pd(PPh3)4; even if it exists at 

low transient concentration because of the uphill character of the equilibrium by which 

it is formed. 

-When a Pd(II) complex is used, at least three Pd(O) complexes are formed in 

solution, the more reactive species is the anionic Pd(O)(PPh3)2Cr complex in 

equilibrium with a dimeric species Pd(0)2(PPh3)4Ch2
-. The ligation I deligation process 

being very fast, Pd(O)(PPh3)2 does not exist in solution. 

-Addition of cations as Li+, Zn ++ accelerated the rate of the reaction through the 

formation of ion pairs and subsequently more naked Pd(O) complex, which is evidence 

of the formation of anionic species derived from R-X. 

IV. 3. 2 Transmetallation step 

This step is generally believed to be rate limiting, even if in some particular cases 
20 

the oxidative addition has been shown to be the slowest one . It consists of the transfer 

of the electrophile to the transition metal complex to form a trans-dialkyl-palladium(II) 

complex. 

The main group organometallic (M) has to be more electropositive that palladium; 

and both metals involved must benefit from the process energetically. For example 

transmetallation from organosilanes occurs only with addition of fluoride ion (from 

added tetrabutylammonium fluoride TBAF) that aids the cleavage of the Si-C bond and 

the formation of the stable Si-F bond. 
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The transmetallation is more likely to involve a four-centred cr bond metathesis 

promoted by an empty orbital on each metal involved: 

R-Pd-R' + X-M 
0 

Scheme 2: Mechanism of the transmetallation step 

It generally occurs with retention of configuration. When there is more than one 

group attached to M, the order of rate of transmetallation for different substituents is: 

Alkynyl > vinyl > aryl > allyl ---- benzyl >> alkyl. 

IV. 3. 3 Reductive Elimination 

The rearrangement of the trans-dialkyl-palladium(II) complex occurs rapidly to 

afford the cis isomer, which undergoes reductive elimination, reverse of the oxidative 

addition, affording the coupled product R-R' and regenerating Pd(O). Anything reducing 

the electronic density at the metal such as electron-acceptor ligands will facilitate this 

step. 

IV. 3. 4 Leaving groups on R-X 

The reactivity of a substrate coincides with the order of their reactivity 1n 

oxidative addition with palladium (II) complexes: 

I > OTf > Br > Cl. 

For aryl, alkenyl and alkynyl halides, palladium coupling reactions almost always 

involves iodides or reactive bromides and this is one of the major limitations of this type 

of reactions. N-containing heterocycles are activated towards oxidative addition at the a 

and Y. positions through the activating effect of nitrogen; even a and y

chloroheterocycles are sufficiently activated for palladium-catalysed reactions whereas 

chlorobenzene requires hindered electron rich ligands. 

In conclusion; palladium-catalysed cross-coupling reactions are a very versatile 

method to realise complex organic transformations. We do not intend to cover the 
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whole area of palladium catalysed chemistry, but we will limit our scope to cross 

coupling types of reactions involving the use of aryl and heteroaryl halides (including 

the more rare fluorinated ones) as substrates and reagents. 

IV. 4 The Buchwald-Hartwig C-N and C-0 bond formation 

reactions 

IV. 4. 1 C-N bond formation reactions 

The Migita group performed the first aryl C-N bond formation catalysed by 

palladium in 1983 using organostannanes, but this was not really satisfying because of 

the use of toxic aminostannane substrates: 

Br 

6 + 
PdCl2(o-Tol3)2 

Toluene 100°C 

3h, 81% 

Later, palladium-catalysed reactions were performed without organostannanes by 

Boger22 but the use of a large amount of the expensive Pd(PPh3)4 (1.5 equivalent) and 

the competing oxidative addition of liberated HBr, made it of a limited use. 

Buchwald
23 

and Hartwig
24 

simultaneously realised the catalytic amination of aryl 

bromides with free amines using P(o-Tolyl)3 ligand in the presence of a stochiometric 

amount of base. However, these reactions afforded low yields when no ortho or para 

electron withdrawing groups where present on the aryl group. This method was further 

improved by the use of different catalysts and ligands providing a high yielding 

methodology for the catalytic formation of a C-N bond: 
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NHR ): 
~~ 

+ RNH2 ------.. 
A 
~"J 

R 

Buchwald 

Pd( dba)2 5%, BINAP 

NaOBut or Cs2C03 

Toluene, 80°C 

98% 

R 

Hartwig 

PdCh(DPPF) 5%, DPPF 

NaOBut 

THF, reflux 

94% 

This methodology involved the use of his-phosphine intermediates; sterically 

hindered ligands were not necessary to obtain high yields in intermolecular amination of 

aromatics, a weak base such as caesium carbonate promoted the reaction and, finally 

this methodology tolerated a variety of functional groups such as esters, aldehydes, 

enolisable ketones and nitro groups. 

The use of bidentate ligands such as BINAP or DPPF is necessary to promote 

reductive elimination over P-hydride elimination from the amido-palladium 

intermediate by its bidentate chelating ligand. When pyridines were involved, these 

ligands also prevented the formation of his-phenyl complexes that terminate the 
25 

catalytic cycle , whereas a monodentate ligand can sometimes facilitate amination of 

bromopyridines. 

A variety of aryl halides were coupled tn good yields, sometimes at room 

temperature: 

~OTf 

vv + 

NH2 6 Pd2(dba)3, DPPF 

NaOBut, Toluene 
RT 

96% 
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NaOBut, 18-crown-6 
6 hrs, THF, RT 

Pdidba)3, BINAP --o-H-o 
F3C ~ ~ N ~ ~ 

KOBut, Toluene 100% 

85% 

88% 

This is an efficient process to selectively couple a primary amine in the presence 

of a secondary one to allow the synthesis of peptide analogue/
6

, and triarylamine 

dendrimers where it was found to be a superior method to the copper mediated Ullman 

coupling. 

Coupling using pyridine substrates was possible without using harsh conditions or 

activated substrates. The following examples showed that primary amines and anilines 

were arylated and the protocol worked for both chloro and bromopyridines: 

4 Q + NH2(CH2) 3NH2 

Br 

Q Q 4%Pd(OAch,BINAP ~ 0 
I V 73% ~ Cl + NHz NaOBut, Toluene, 70°C, 22h, ~ NH,... 

The limitation of this method is its inability to cross couple halopyridines with 

acyclic dialkylamines. 

27,28 
Mechanism of the reaction 

The mechanism consists in oxidative addition to the aryl halide to form a 

palladium complex, ligand exchange and deprotonation by the base, reductive 

elimination that competes with elimination if there is a ~-hydrogen present, and finally 

formation of the aminoaryl and regeneration of the catalyst. 
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Pd(0Ac)2 

j 
NaOR, HNRR' 

Br 

Pd(O) 6-y 
vQP) 

Pd 

R'RN~ 'p cp\ n y 
P~V 

~ / ~ \ 
NaBr, HOR '\ Br ~p 

NaOR,HNRR' 
BINAP or DPPF 

Scheme 3: General mechanism of the palladium mediated amination 
of bromo benzenes. 

IV. 4. 2 C-0 bond formation reactions 

Compared to their nitrogen and sulphur counterparts, alkoxides are less 

nucleophilic, and so reductive elimination to form C-0 bond is much slower; however, 

Buchwald's
29

'
30 

successfully realised the intermolecular Pd catalysed synthesis (using 

BINAP as a ligand) of aryl cyclic ethers from o-haloaryl-susbtituted-alcohols. Previous 

methods for the synthesis of aryl ethers required harsh and restrictive conditions: use of 

an excess of freshly prepared sodium alkoxides (4 equivalents for aryl bromides), high 

temperature reactions, and high boiling solvents such as DMF, DMSO or HMPA. 

. . 31,32 . . 
Good ytelds of mono and dtaryl ethers were obtained from the reaction of 

electron deficient aryl halides with tertiary alcohols
33

: 

1.2 R'OH, 2 NaH 

R: CN, CF3, t-Bu 
R': PhCH2-, CHr, t-Bu-

Pd(dba)2 1.5% 

Tol-BINAP 3.6% 

Toluene, 50-1 00°C 

OR' 

¢ 80% 

R 
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Br 

6 

1. 2 CH3CH2CH(OH)CH2CH3 

2NaH 

+NaOR 

Pd(dba)2 1.5% 

DPPF 3.6% 

Pd( dba)2 1.5% 

Tol-BINAP 3.6% 

Toluene, 50°C 

OR 

0 
y 

Toluene, 1 00°C, 3 hrs 
Y: CN, CHO, COCF3 

Mechanism of the reaction 

This process was the first to form a C-0 bond through a reductive elimination, via 

an insertion mechanism34 as in the C-N formation process, bulky ligands and weaker 

electron donating groups favour reductive elimination31over P-hydride elimination. 

OR' 

6 
R 

Pd(II)OR' 

Pd-Ar-Alkoxide 6~ 
~~ 

Pd(II)Br 

6-R 
>< 

NaBr NaOR' 

Phosphine ligands have been 
omitted for clarity 

Scheme 4: General mechanism of the palladium mediated 
C-0 bond formation. 

No reaction occurred when no catalyst was present in solution. When unactivated 

aryl halides were substrates, the use of hindered trialkylphosphines (such as P(t-Bu)3) 
32 

accelerated oxidative addition . However, this method did not find many applications 
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in heterocyclic chemistry, since SnAr displacements involving many heteroaryl halides 

occur readily without the aid of palladium. 

IV. 5 The Sonogashira reaction 

The Sonogashira coupling is the palladium catalysed version of the Stephen-
35 

Castro coupling of alkynyl copper reagents with aryl halides for the preparation of 

internal acetylenes: 

ArX+CuC - CR 
TMEDA 

ArC - CR 
Pyridine, reflux 

Although this method was efficient for vinyl and allenic halides, it required the 

isolation of the alkynylcopper(I) and vigorous reactions conditions. 
. 36-38 . . . . 

Sonogashira successfully coupled terminal alkynes with vinyl and aryl hahdes 

in the presence of a palladium catalyst, an aliphatic amine and catalytic Cui under mild 

conditions: 

RX+ HC - CR' 

R: aryl, alkenyl 
X: Cl, Br, I, OTf 

Pd CliPPh3)b Cui cat 
NEt3 ,NHEt2 or piperidine 
RT to reflux 

RC - CR' 

The synthesis of terminal acetylenes using acetylene gas gave only internal 

acetylenes because of the higher reactivity of the monosubstituted acetylene compared 

to acetylene gas. 

However, protection of the acetylenes by the trimethylsilyl group or by 

alcohol/
9

'
40 

followed by hydrolysis afforded the desired product in good yields: 

ArX + Me3Si == Ar - SiMe3 

Pd CliPPh3) 2, Cui cat 

NEt3, RT to 60°C 

KOH/MeOH 

RT, 1 hr 
Ar - H 
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Q-x+ 70-90% 

X: Br, I 

Sonogashira couplings with aryl groups were achieved at room temperature when 

b lk h . hl . 1' d d41 . h 42,43 u y 1g y reactive 1gan s were use . A vanety of eterocycles were efficiently 

coupled with terminal acetylenes under Sonogashira conditions: 

~Br 

~,.TJ 
Br N 

R-
~ 

PdC12(Ph3P)b Cui, R 
Et3N, rt 

R 

II 

Many examples exist in the literature using highly fluorinated substrates 

participating in Sonogashira couplings44, however Nguyen45 reported the coupling of 

substituted tetrafluorophenyl halides with terminal acetylenes in good yields and under 

mild conditions: 

65-89% 

X: I, Br 

Early work in our laboratories has showed that mixed bromofluoroheterocycles 

will react with acetylenes in an efficient manner; in fact 2,4,6-tribromo-5-

fluoropyrimidine coupled with phenylacetylene to afford the trisubstituted adduct: 
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Br 

F0N· phenylacetylene 

Br)LNJ_,__Br Cui, PdCiiPPh3) 2 
Et3N, RT, 15 hrs, 
37°C, 3 hrs Ph 

Ph 

II 
-..;::N 

I~. 
$ N ~ 
/ Ph 

Furthermore, 2,3,-dibromotetrafluoroquinoxaline reacted with 1-pentyne 

substituting at both the 2- and 3- carbons : 

F 

Fl(yNXBr 

FYN Br 
F 

1-pentyne 

Cui, PdCI2(PPh3)2 
Et3N, RT, 18 hrs, 
40°C, 24 hrs 

Substituted bromopyridines containing perfluoroalkyl groups were also reactive 

enough to undergo palladium catalysed reactions under Sonogashira conditions: 
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16% 

IV. 5. 1 Mechanism of the reaction 

HX-amine 'RC=CH 

'RC=CC=CR' 

'RC=CR 

Scheme 6: General mechanism for the Sonogashira coupling 

The mechanism of the reaction is believed to go via a copper intermediate that 

undergoes transmetallation more readily. The coordinatively unsaturated 14 e- complex 
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Pd(O)(PPh3) 2 (or a similar species) is produced by reductive elimination of a Pd

acetylide complex. Tetrakis (triphenylphosphine )Pd can also be used. The active species 

are generated after the loss of excess triphenylphosphine, Pd on C (10%) can also be 

used for couplings with aryl bromides. The amine plays a role in the formation of the 

copper intermediate and can act as a reducing agent to generate Pd(O); excess of 

triphenylphosphine slows down the reaction. 

IV. 5. 2 Reactivity of substrates46 

Vinyl iodide > vinyl bromide > aryl iodide > aryl bromide > aryl chloride 

Reaction with aryl bromides and triflates proceeds only if activated by 

substituents and high temperatures, while excess triphenylphosphine provokes 

deposition of inactive Pd metal. Aryl chlorides react only if electron-withdrawing 

groups are present (eg N02) that weaken the C-CI bond; however, chlorinated N

heterocycles react better if the-nitrogen is in an activating position relative to chlorine47
. 

One halogen can be selectively coupled by difference in reactivity or activation: 

FAXBr 
I~ 

F F 
I 

Br 

~Br 
N02 

Br 

~Br 
NH2 

F 

II R 

R II 
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IV. 6. The Suzuki coupling reaction 

Cross coupling of aryl or vinylic halides (or triflates)48 with organoboron reagents 

seems very improbable at first sight; boron is relatively highly electronegative making 

the carbon-boron bond almost covalent and transmetallation of an organoboron reagent 

to transfer an organic group should be too slow too be useful. However, after 

coordination of a hydroxy base or p- anion to the boron atom, it is possible to allow 

transfer to the adjacent positive centre via a 1 ,2-migration. Therefore coupling with 

organoboron reagents is made possible, and is an attractive method for heterorayl and 

biaryl synthesis (for a review see A. R. Martin and Y. Yang49
) even in large scale 

setting for the following reasons: 

• Organoboron reagents are thermally stable and easy to handle, 

• They are inert to water and oxygen, and show no toxicity. 

• Tailor-made organoboron reagents can be synthesised for the needs of a 

particular reaction. 

The Suzuki coupling has been used to synthesise a range of sterically hindered 

biaryls50 used in natural product synthesis51
: 

83% 

Although chlorobenzenes have low reactivities, in the presence of electron-rich 

phosphines such as P(tBu)3 coupling occurs: 

¢ + 

NH2 

Deactivated chloroaryls usually failed to react with palladium catalysis but many 

examples of the use of the more active nickel catalyst allowed coupling to proceed 52
' 5

3
: 
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o- 10% NiC12(dppe) 
R'~ B(OHh -------

50% Zn, K3P04 

R: Ac, COCH3, CF3, CHO 
R': H, F, NH2, CH3 

1,4-dioxane/H20 

50°C 

47-99% 

Lately54
, a few examples have been reported of successful Suzuki coupling 

reactions with palladium catalyst involving deactivated aryl chlorides via the use of very 

particular ligands as shown in this example 55
: 

PhB(OH)2, K3P04, Pd(OAc h 

ligand , dioxane, 1 00°C 
¢ 

Cl 

93% 

Fluorinated benzenes used in the synthesis of liquid crystals56
'
57 underwent 

coupling with organoboron reagents: 

67% 

Halopyridines have also been coupled also with phenyl58
, substituted phenyl59

, 

pyridyl and other heterocycles60
: 

+ o-B(OH)2 

X: Br, Cl, I 
R:H, OCH3, OH, NH2, N02 
R': H, CH3 

Pd(O), base 
'R 
~~\~ R 

Ph<N-J 
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cP
S(O)nMe 

R R 
Pd catalyst I ~ 

N NH2 N 
B(OEt)3Lin 

,~ 
/ 

N 

toluene/methanol (1: 1 ), reflux 
45 min 

0 
B(OH)2 

y 

S(O)nMe 

Y:O,S 

Fluorohalopyridines were coupled to obtain materials used In light emitting 

diodes61
: 

Chloropyrimidines react with a range of boronic reagents62
,
63

: 

Cl 

AN 
~- _J 

N 

Unsymmetrical phenanthrolines64 were synthesised: 

51% 
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The Suzuki coupling has also been used for the palladium-catalysed 

polymerisation of benzene derivatives for the synthesis of oligo-p-phenyls65
,
66

: 

A broad range of dendrimers have also been prepared using poly(p-phenylene)

(PPP) derived cores using the Suzuki polycondensation: 

X 

One pot multiaryl coupling was also achieved via Suzuki coupling affording a 

range of polyaryls, and Snieckus49 developed an iterative ortho-metallation transition 

metal-catalysed-cross-coupling strategy to construct terphenyls and quaterphenyls: 

OR 
R'~B(OHh 

U+ 
Br OR~ 
~OCONEt2 R'~Y BuLi, B(OR)2, H+ v ---- 0 OCONEt2 

OR ~ Br OR I~ 
R'~YB(OHh + ~OCON_E_t2 ___ ..,..R'~ ~ u OCONEt2 u 0 OR" 

R": CONEt2 
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IV. 6. 1 Mechanism of the reaction 

R-R' 
RX 

Pd(O) 

R'-Pd(II)-R' R-Pd(II)-X 

MX R'M 

Scheme 7: General mechanism of the Suzuki coupling 

The mechanism goes through the classical cycle of palladium-catalysed cross

coupling process: Oxidative addition of alkenyl, alkynyl, allyl, benzyl and aryl halides 

to Pd(O) complexes to give a stable trans cr-Pd(II) complex with retention of 

configuration; the oxidative addition is very slow and the competing P-hydride 

elimination might fail the reaction; aryl and alkyl halides are activated by electron 

withdrawing groups. The reaction proceeds with the presence of a base that can be used 

in aqueous solution in toluene or tetrahydrofuran, or in suspension in dioxane or 

dimethylformamide. Whereas RB(OH)2 is not nucleophilic enough, the quaternized 

RB(OH)3- is able to transmetallate. In fact, acid halides at pH 7 are slower to react than 

at pH 11. Hydroxide bases such as Na2C03, K3P04 or fluoride ions sources such as CsF 

are generally used. 

Little is known about the transmetalation step, it is highly dependant on the type 

of organometallics used; however, it has been proposed to proceed through one of the 

following processes67
'
68

. 

The nucleophilicity of the organic group on the boron atom is enhanced by the 

quatemization of the boron with the base to afford the ate complex: 
,_ 

R-B-OR" 
I 

~d ~ < 
I 

X 

R 
I • fd --.........,\--· R-R' 

R' } 

Pd(O) 

Alternatively, a mechanism involving the formation of palladium-alkoxy 

complexes has been proposed for the reaction of 1-alkenylboron compound and a 1-
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alkenyl halide65, and the possibility of the formation of such an intermediate has been 

proposed in the catalytic cycle of the aryl-aryl coupling reaction65 : 

NaOR 

td ~ td ~ td --\~· R-R' 
X ) OR '\ R' ~ 

Pd(O) 
NaX 

Reductive elimination occurs from the cis RPd(II)R' complex to afford the 

coupled product. The most commonly used palladium catalysts are Pd(PPh3)4, 

Pd(PPh3)2Ch and Pd(OAc )2 with triphenylphosphine. The order of reactivity of the R' 

group is: 

diaryl > alkyl-, aryl- > dipropyl- > diethyl 

This order of reactivity suggests the participation of the aryl 1t electrons (if R' is 

an aryl group) in the formation of the cis-diaryl Pd(II) complex which directly eliminate 

the organic partners from the four coordinated complex. 

One of the problems encountered in Suzuki coupling is the aryl-aryl exchange 

between palladium and triphenylphosphine which is enhanced by electron-donating 

groups on the aryl group. The use of sterically hindered ligands such as the bulky o

MeC6H5 69 increased the yield of the coupled product: 

~+ 
Br 

MeO 
~ Pd(PAr3) 4 

MeOv B(OH)2 

MeO Ar: -9 
H3C 

MeO 

MeO-o-Ar + Coupling product 

MeO 

The coupling of sterically hindered arylboronic acids with halopyridines requires 

the use of strong bases such as sodium t-butoxide70
. The nucleophilicity of the boronate 

formed is enhanced and it will react faster with the aryl-palladium(II) complex and 

therefore the rate of transmetallation is increased. 
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IV. 7 The Negishi Coupling 

The Negishi71 reaction is the palladium-catalysed cross-coupling reaction between 

organozinc reagents and organic halides or triflates. Organozinc reagents have been 

known for about 150 years, but have been replaced by lithium and Grignard reagents for 

their higher reactivity. It is this low reactivity which allows for the presence of many 

functional groups. Organozinc reagents, although unreactive with most organic 

electrophiles, undergo smooth transmetallations with transition metal complexes. The 

resulting organometallic reacts with a range of electrophiles: 

R-ZnX + Y-MLn 

M: Pd, Ni, Pt ........ 

,R 
x-zn, :MLn-----

y' 
R-MLn + ZnXY 

Scheme 8: Metal mediated reactions of organozinc reagents 

Whereas unsaturated alkyl halides undergo smooth cross-coupling with 

organozinc reagents (Csp2-Csp2 coupling), the coupling of the corresponding saturated 

alkyl halides (Csp3-Csp3) is inefficient because of the slow reductive-elimination step 

from the palladium complex. 

Since this step is slow, exchange of the ligands might compete leading to the 

homocoupled products. However, using nickel in conjunction with a promoter ligand 

(such asp- or m-trifluoromethylstyrene) 72 instead of palladium made Csp3-Csp3 coupling 

possible; the reductive elimination was accelerated by removing electron density from 

the metal centre through coordination of the double bond of the ligand to the metal 

centre which acts as a cr donor but also as 1t acceptor. Triflates are more reluctant to 

react with zinc reagents unless DPPF ligands are used. The Negishi coupling is 

compatible with ketones, esters, amines and nitriles. Optimal reaction conditions are 

provided by the use of Pd(dba)2 (4%) and TTP(l6%) which allow coupling in a few 

hours at room temperature. 

P . f 0 . t 73 74 75 reparation o rganoz1nc reagen s ' ' 

Many methods are available for the preparation of organozinc reagents: 

• Preparation by direct insertion of zinc metal: used to prepare organozinc iodides 

bearing almost all possible organic functionalities with the exception of the nitro 

and hydroxy groups. The zinc dust is activated by treatment with 1,2,-
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dibromoethane and TMSCI. For primary alkyl halides, the reaction occurs at 

40°C in THF; secondary alkyl iodides react at room temperature, whereas 

benzylic bromides undergo insertion at 0°C. Insertion into a Csp2 -I bond is less 

straightforward, and requires longer reaction times, higher temperatures or the 

use of polar solvents, 

• Rieke's zinc: More activated zinc is prepared by the reduction of zinc halides, 

used for reactions with less reactive aryl iodides or bromides and also secondary 

and tertiary alkyl bromides. Zinc chloride is treated with finely cut lithium in the 

presence of an electron carrier such as naphthalene to produces a highly reactive 

zinc which reacts with various n deficient heterocycles at room temperature for 

few hours to give the corresponding heteroaryl zinc iodide, 

• Ultrasound: has led in some cases to more efficient and faster zinc insertions 

than by conventional methods, 

• By iodine-lithium exchange: performed on functionalised alkenyl or aryl iodides 

followed by a transmetallation with zinc bromide, 

• By boron-zinc exchange: This method is used for the preparation of dialkylzinc 

compounds, which are more reactive than organozinc halides. Functionalised 

olefins are hydroborated with Et2BH and treated with diethylzinc or 

diisopropylzinc. The exchange proceeds under mild conditions in few minutes; 

the driving force of the reaction is the formation of the stable dialkylzinc 

compounds and in some cases the formation of volatile organoboranes such as 

BEt3. 

The formation ofbiaryls was achieved in good yields using the Negishi reaction11
: 

R'Q- Pd(dba)2 ~~~' 
+~/;y ~~ 

tris(2-furyl)phosphine 

Ro-~ /; ZnX 54-95% 

R: H, Cl, Me, CN, C02Me, C02Et, CONMe2 
R': OMe, CHO, CN, C02Me, NOb C02Et 
Y; I, Br, OTf, OS02F 
X: Cl, Br, I 

Preparation of unsymmetrical biaryls from activated and deactivated aryl 

chlorides was also achieved76
'
77

: 
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R: OCH, n-Bu, CH3, H 88-94%% 

RQ-znCI + R''Q-cl-N_i_or_P_d_c_a_ta_ly_st __ Ro-oR' 

R: C6H5, p-CHrC6H5 

R': CN, C02Me, COEt 
63-89% 

Coupling of aryl or alkenyl ztnc iodides generated by lithium-iodide 

transmetallation with various unsaturated iodides 78 and some bromides is reported: 

Cl 

~ZnBr 74% 

Cyanation of aryl triflates 79 was achieved via the organozinc intermediates, using 

Pd(PPh3) 4. Pyridines were functionalised through the synthesis of their organozinc 

derivative via deprotonation-transmetallation80
-
83

, or the use of active Rieke's zinc84
•
85

. 

Subsequent coupling with aryl or heteroaryl afforded unsymmetrical bisheteroaryls or 

bipyridines in good yields: 
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X 
(!~R 
~ ~ 

N 

active zinc, THF, rt, 1 hr 

Phi, Pd(PPh3)4, THF 
rt, 2 hrs 

R: H; 2,6-diMe 
X: 2-Br, 3-1, 4-1 

Cl 
N Br 

t-BuLi, THF 

ZnCI2, PyOTf, LiCI 
Pd2( dba)3, PPh3 

R, R', R": H, Me 

R 

F\___F\_R' 
\___~!\~~ 

R" 

47-76% 

93-99% 

Terpyridines, analogues for cyclometallated luminescent cyclodextrins were 

efficiently synthesised by this route86
: 

Q 
N Br 

R: Br, Tolyl, Me 

l.BuLi, THF, -80°C, 30 min 

2. ZnClb 0°C, 2hrs 

3. A Br ~ Br 

Pd(PPh3) 4, 2hrs, reflux 

53-86% 

Other heterocycles were functionalised via the Negishi reaction such as 

thiazoles87
, pyrazolopyridines88

, pyrazoles89
•
90 that were coupled with aryl groups at the 

5-position. 6-Pyridinyl-2-quinolines91 were also synthesised in moderate to high yields. 

IV. 8 The Stille coupling 

The Stille reaction is the palladium catalysed coupling between an 

organostannane and an electrophile to form a new C-C bond92
• It is regarded as one of 

the most versatile methods used in palladium-catalysed cross-coupling reactions. 

Organostannanes are prepared by a number of routes and are not oxygen or moisture 

sensitive. On the other hand, tin tolerates a wider variety of functionalities compared to 

organozinc reagents for example. The pitfall of this reaction is the toxicity of the 
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stannanes used, which makes them not suitable for large-scale synthesis; nevertheless 

this process may be used for the preparation of natural products and medicinal agents. 

In this reaction, essentially only one of the groups on tin enters into the coupling 

reaction and different groups are transferred at different rates from tin (alkynyl groups 

are the slowest). 

RX + R'SnR"3 RR' +XSnR"3 

Thus, an unsymmetrical organotin reagent containing three alkyl groups (usually 

methyl or butyl) is chosen; the fourth group which undergoes transfer is usually an 

alkynyl , alkenyl, aryl , benzyl or allyl group. 

IV. 8. 1 Mechanism 

The Stille reaction occurs under mild conditions, in high yields and allows 

coupling with acid chlorides, benzyl, vinyl, aryl halides and vinyl triflates, and 

transmetallation is the rate-limiting step: 

R-R' 
RX 

fast 

I, L 
R-fd-L R-Pd-X 

R' I 
L 

fast ~R-td-R'- _,!._ R'SnR"3 

L ~ ~ow 
XSnR"3 

Scheme 8: General mechanism of the Stille coupling 

Sometimes co-catalysts are used, such as cuprous iodide93 which act as a ligand 

scavenger to facilitate the formation of the unsaturated Pd(II) intermediate and react 

with organostannanes to form a more reactive organocopper reagent in highly polar 

solvents, similarly to the Sonogashira coupling. 
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Difficulties in purification, the cost and toxicity issues associated with the use of 

stochiometric amounts of organotin reagents are a serious limitation to the use of this 

process. One of the solutions to this problem is to develop a Stille cross coupling 

protocol catalytic in tin94
. This protocol reported recently allows in one pot to: a) 

generate the vinyltin from a terminal alkyne using trimethyltin chloride as a tin source, 

b) couple it with the electrophilic partner and c) recycle the organtin by product back to 

the organotin hydride. High yields are maintained (up to 90%) and 94% less tin has 

been used. 

Preparation of organotin reagents 

Many routes are available of organotin reagents; below are briefly listed the most 

used ones: 

• From electrophilic and nucleophilic organotin compounds: reaction of an 

organotin halide with an organometallic compound, 

• Addition of a complex containing a tin-copper bond across a triple bond, 

• From tin amides or oxides: weak acidic proton are replaced by tin in a reaction 

with tin amides or oxides, 

• Tin hydride addition to alkenes and alkynes, through the regiospecific free 

radical addition of organic hydrides to olefins. 

Arylstanannes possessing a tributyltin or trimethyltin moiety are the most used 

biaryl precursors; the coupling partner is an aryl halide or trifalte; when triflates are 

used addition ofLiCl is necessary as co-reagent II: 

R' R R' 

o-o o--X Pd acetate or 

Pd(dbah 
48-95% 

R: H, Cl, Me, OMe, CHO R': Ph, Bu, Me 

X: Br, N2+BF4-, I, OTf, OMs 

Carbonylative coupling has also been achieved: 
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Coupling of fluorovinylstannanes with aryl and vinyl iodides provide good yields 

of stereoisomerically pure substituted fluoroolefins with retention of the double bond 

geometry95
: 

42% 

Heteroarylstannanes are more prevalent than their heteroarylboron 

counterparts; consequently innumerable aryls and heteroaryls take part in Stille 

couplings with halopyridines. In a Stille coupling reaction, the pyridine ring can act 

as a nucleophile (pyridylstannane ), or an electrophile (pyridyl halide or triflate ). 

IV. 8. 2 Pyridine as a nucleophile 

Pyridylstannanes are prepared by regioselective metalation, ortho lithiation of 

halopyridines and halogen exchange of halopyridines. Another less used method is 

the displacement of a halogen with sodium trimethylstannane: 

n 
Br N Br 

Pyridiylstannanes are coupled with aryls, heteroaryls and other electrophiles: 

90% 

-
OTBDMS 
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This route has been used for the synthesis of bipyridines, tetrapyridines, 

terpyridines and other oligomers96
,
97

: 

6
SnMe3 

. Pd(PPh
3
)
4 

I ~ ------------~ 
"~ toluene, reflux 

N SnMe3 

75% 

IV. 8. 3 Pyridine as an electrophile 

Stille coupling of carbamoylstannane and 3-bromopyridine provides a unique 

entry to amide products: 

0 

0~ 
N 

63% 

The Stille strategy was used in the synthesis of a large number of natural products 

such as the synthesis of Lavendamycin analogues, an antitumour antibiotic98
. A Stille 

coupling of a bromopyridine on solid support was described99 which has a potential for 

application in combinatorial chemistry and high throughput screening. 

IV. 9 Palladium Catalysed Cross Coupling reactions 

involving fluorinated compounds_ 

Few examples of palladium-catalysed cross-coupling reactions involving 

fluorinated substrates or reagents are found in the literature, however Burton's 

group100developed a useful methodology for the cross coupling of aryl iodides and vinyl 

halides with perfluorovinylzinc derivatives. 

Stable perfluorovinyl zinc derivatives were obtained by direct insertion of zinc in 

the corresponding fluorinated vinyl iodides or bromides44: 
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Zn metal, DMF 
RrFC=CFX 

RT 
RrFC=CFZnX 

Rr: F, CF 3 cis and trans, CF 3CFCF Z and E 

X: Br, I 

Coupling with aryl iodides was performed in good yields: · 

Pd(PPh3) 4 , 1-3% 
F2C=CFZnX F2C=CFAr 61-81% 

60 to 80°C, 1 to 10 hrs 

The zinc reagent of cis 1 ,2-difluoro-olefin precursors coupled with aryl 

iodides stereoselectively to give the (Z)-a-P-difluorostyrenes: 

H I Zn, DMF 

>==-< F F 

H Ar 
~ 

F F 
55-93% 

1 ,2-difluorovinylstannanes prepared from 1 ,2-difluorovinylsilyls readily 

participated in palladium catalysed cross coupling reactions: 

n-Bu"==:/F 
/-" + 

F SnBu3 

87% 
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CHAPTERV 

V Palladium mediated reactions of 2,4,6-tribromo-3,5-

difluoropyridine 

Palladium chemistry is a potential versatile methodology that might be used with 

halogenopyridines, however, few examples involving fluoroheterocycles are found in 

the literature (see section IV -5). 2,4,6-tribromo-3,5-difluoropyridine (1) will be used as 

a model compound to investigate the reactivity of fluorohalogenoheterocycles in 

palladium mediated reactions. 

V. 1 The Sonogashira coupling 

The Sonogashira coupling is one of the more powerful methods for the coupling 

of aryl or heteroaryl halides with acetylenic substrate owing the high yields obtained 

and the versatility of the substrates tolerated, the reactivity of the alkynes depends upon 

the electronic character of the acetylenic substituent. 2,4,6-tribromo-3,5-

difluoropyridine is activated towards palladium coupling and should react smoothly 

under Sonogashira conditions. 

V. 1. 1 Coupling with substituted phenylacetylenes 

We studied the coupling of (1) with phenylacetylenes bearing electron donating 

and withdrawing groups. The acidity of the acetylenic proton in such phenylacetylenes 

is dependent on the nature of the substituted group on phenyl group as shown in the 

table below which lists the relative acidities of the substituted phenylacetylenes by 

comparing their respective rates of detritiation in an alkaline buffer solution 1: 
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X 104 ka) (min-1) KoJ 
rei 

H 250 1 

p-OMe 156 0.62 (least acidic) 

p-F 270 1.08 

p-Cl 360 1.44 

o-Cl 685 2.74 (most acidic) 

p-Br 380 1.52 

Table 1: Rates of detritiation ofX-C6H4CCH compounds in buffered 20% -water 
methanol (pH,...,8.05) at 25°C. 

a): Pseudo first order rate constants. 
b): Relative ra~es to that of phenylacetylene. 

The objectives are to study the reactivity of (1) with such substituted 

phenylacetylenes and the regioselectivity of the reaction, and also the possible 

correlation between the CH-acidity of the phenylacetylene and the reactivity with (1). 

V. 1. 1. a (1) with phenylacetylene 

Under mild conditions, reaction of (1) with phenylacetylene gave the 2-mono

substituted product in moderate yields: 

Br Br 

F~F 
)l,T~ 

Br N Br 

F 
40% (33) 

Reagents and conditions: Phenylacetylene (1.2 equivs), Cui, PdC12(PPh3) 2, Et3N, rt, 12 h 

GCMS analysis confirmed that monosubstitution leading to (33) had occurred 

(rnlz 373) and the site of substitution was elucidated without ambiguity by 19F NMR 

analysis; the spectra displayed two peaks indicating the non-symmetrical nature of the 

molecule. 
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Using an excess of phenylacetylene (5 equivs) afforded (34) in good yield, and 

disubstitution was confirmed by GCMS analysis, which gave the parent ion 

corresponding to the diadduct (m/z 393) only and two lines in a ratio 1:1 characteristic 

of a one bromine pattern. 19F NMR, which displayed one signal at -108.2 ppm, 

demonstrated that substitution occurred at the 2- and 6-positions and not at the 2- and 4-

positions that should give two signals for the two non-equivalent fluorine atoms. Using 

a larger excess of the substrate (7 equi) under forcing conditions afforded only the 

diadduct (34). 

Br Br 

F~F--
),~ 

Br N Br 

0 

F 
75% (34) 

Reagents and conditions: Phenylacetylene (5 equivs), Cui, PdC12(PPh3:h, Et3N, rt, 22 h 

Consistent with the results above, when 4-bromo-tetrafluoropyridine was reacted 

with phenylacetylene, no coupling occurred, and even at increased temperature (100°C) 

the starting material (1) was recovered. These results indicate that palladium catalysed 

coupling does not parallel nucleophilic aromatic substitution ( 4-position most activated 

towards nucleophilic aromatic substitution in 4-bromo-tetrafluoropyridine2,3 and in (1)). 

When reaction of (1) with phenylacetylene was conducted without added copper 

catalyst, the reaction did not proceed at all and the starting material was recovered along 

with phenylacetylene dimer; this confirms the crucial role of copper (as underlined in 

scheme ( 6)) in the transmetallation step via the formation of the copper acetylide 

intermediate probably. 

V. 1. 1. b (1) with 1-(1-ethynyl)-4-fluorobenzene 

Reaction with 1-(1-ethynyl)-4-fluorobenzene afforded the 2-susbtituted adduct 

(35) in good yields. In this case, the weaker base caesium carbonate was used rather 

than triethylamine: 
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Br 

F~F 
)L,T~ 

Br N Br 

67% (35) 

F 

Reagents and conditions: 1-(1-ethynyl)-4-fluorobenzene (1.2 equivs ), Cui, 
PdCI2(PPh3)2, toluene, Cs2C03, 60°C, 24 h. 

The structure of (35) was elucidated by 19F NMR which gave three signals, two of 

them corresponding to the 3 and 5- fluorine atoms on the pyridine ring ( -108.1 and -

110.4 ppm) and the third one to the benzenoid fluorine (-100.9 ppm), GCMS, elemental 

analysis, and X ray analysis (see Fig 5) confirmed the structure. In the solid state, (35) 

adopts a totally flat conformation. The packing arrangement shows that the pyridine 

rings pack in a slightly offset head to tail arrangement. 

Fig 5: Single molecule of (35) 

95 



Fig 6: Packing arrangement of (35) 

Reaction of (1) with excess of 1-(1-ethynyl)-4-fluorobenzene gave (36). The 19F 

NMR (Fig 7) of (30) consisted of one sharp singlet corresponding to the two equivalent 

fluorines on the pyridine ring, and a broad multiplet corresponding to the benzenoid 

fluorines. 13C NMR (Fig 8) displayed two large 1 
JcF couplings (163 and 269 Hz) at 

163.4 and 158.6 ppm corresponding to pyridine and aromatic C-F carbons respectively 

(Fig 8). 

Br Br 

Fi~( F F 

I /. 58% (36) 

Br N Br 
~ ~ 

Q 
F 

F 

Reagents and conditions: 1-(1-ethynyl)-4-fluorobenzene (4 equivs), Cui, 

PdC12(PPh3)b toluene, Cs2C03, 60°C, 19 hrs. 

96 



108.08 

F pyridine 

108.4 
F aromatic 

107.7 108.1 108.5 108.9 ppm 

Fig 7: 19F NMR of (36) 

Br 
F ....... ~~ F chlorofonn 

n ~p 

- /'N<>~~· 
.JC;f . ~F 

F 

C3 CIO 
163.4 158.6 

160 

C8 

134.3 

140 

C7 

120 

C9 

116.1 

100 

C6 

80 ppm 

Fig 8: 13C NMR of (36) 

X ray analysis also confirmed the structure of (36), and in this case the molecule 

is not planar (Fig 9), one benzenoid group makes an angle of 38.4° with the pyridine 

ring, whereas the second one an angle of 16.5° with the pyridine ring and the pyridine 

rings are stacked on top of each other (Fig 1 0). 
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Fig 9: Single molecule of (36) 

Fig 10: Packing arrangement of (36) 

98 



A relatively large amount of 1-(1-ethynyl)-4-fluorobenzene dimer was 

formed as identified by GCMS (m/z 238). According to the catalytic cycle 

described· in scheme 4 only traces of the dimer are expected. The reaction was 

repeated under more rigorous conditions (argon), and in that case only traces of 

the dimer were detected. The formation of large amounts of the homocoupled 

product is, therefore, related to the presence of oxygen in the reaction media. 

A qualitative experiment (using the more available phenylacetylene) was 

carried out to rationalise the formation of the diyne. A mixture of phenylacetylene 

(1 equiv) and Cui (1 equiv) were exposed to air for 3 minutes, and the mixture 

stirred at room temperature over night. The solution turned to a yellow paste, 

which was showed to consist by GCMS in 72% phenylacetylene dimer (rn!z 202). 

This observation confirms that terminal alkynes undergo oxidative homo coupling 

in the presence of copper and oxygen , known as the Glaser reaction 4: 

RC=CH + 2 Cu(II)----- Rc- -cR + 2H+ + 2 Cu(I) 

Cu(I) + 112 0 2 + H20 2 Cu(II) + 2 OH-

Previous workers5 demonstrated in a qualitative manner that this process is 

catalytic and is accelerated by the presence of palladium catalyst. Therefore, 

palladium coupling reactions with terminal alkynes have to be carried out in the 

total absence of oxygen to avoid homocoupling of the alkynes. 

V. 1. 1. c (1) with 1-bromo-4-(1-ethynyl)benzene 

When (1) was reacted with one equivalent of 1-bromo-4-(1-ethynyl)benzene, the 

reaction mixture gave after work up and purification a white solid, which by 19F NMR 

gave a singlet at -107.5 ppm; microanalysis showed that (37) was formed. 
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Br Br 
F F~F 

)L,T~ 
42% (37) 

Br N Br 

Br 
j) 

Br 

Reagents and conditions: 1-bromo-4-(1-ethynyl)benzene (1.2 equiv), Cui, 
PdCl2(PPh3)2, Et3N, 1 00°C, 48 h 

Coupling with a five fold excess of the substrate gave total conversion after 24 

hrs, and a mixture of (37) and (38). Purification afforded (38) in moderate yield; a 

single peak in the 19F NMR, microanalysis and GCMS confirmed that (38) was formed. 

Br 

Br 
F~F 
)L,T~ 

55% (38) 

Br N Br 

Br 

~ 
Br~ 

Reagents and conditions: 1-bromo-4-(1-ethynyl)benzene (4 equivs), Cui, 
PdCliPPh3)2, Et3N, 1 00°C, 17 h 

We note that no further coupling with 1-bromo-4-(1-ethynyl)benzene occurs at the 

C-Br bond of the benzenoid ring in (37) and (38). 

V. 1. 1. d (1) with 1-chloro-4-(1-ethynyl)benzene 

The reaction was conducted under the standard Sonogashira conditions, the 

product formed was identified as (39) only and no traces of the monoadduct were 

detected; the yields were relatively disappointing and when the reaction was repeated at 

longer reactions times, no significant increase of the yield was observed. 
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Br 

F 

38% (39) 

Cl 

Reagents and conditions: 1-chloro-4-(1-ethynyl)benzene (1.2 equivs), Cui, PdCI2 (PPh3h, 
Et3N, rt, 22 h 

However, repeating the reaction with a 5-fold excess of substrate, gave after 12 

hrs at room temperature better yields of (39) again (79% ). Purification of the crude 

product in both cases was difficult, which resulted in a lowering of the isolated yields 

obtained. 

V. 1. 1. e (1) with 1-chloro-2-(1-ethynyl)benzene 

Coupling with 2-chlorophenylacetylene using an equimolar ratio or an excess of 

substrate afforded ( 40) in both cases. The solution turned to white after 1 hour, but the 

reaction was left to proceed to completion. The crude yields were high but repeated 

purifications contributed here again to decrease the yields. 

Br Br FnF I .--.:: ------Cl 
Br N Br 

F 
Cl 

Reagents and conditions: 1-chloro-2-(1-ethynyl)benzene ( 4 equivs ), Cui, 
PdC12(PPh3) 2, Et3N, rt, 72 h 

37o/o (40) 

Using an excess of 2,4,6-tribromo-3,5-difluoropyridine, the monoadduct (41) was 

eventually obtained: 
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Br Br 
F~F F F 
)L,T~ ------- Cl 

21% (41) 
Br N Br Br 

Reagents and conditions: 1-chloro-2-(1-ethynyl)benzene (0.6 equivs), Cui, 
PdCl2(PPh3)2, Et3N, 90°C, 18 h 

The Be NMR (Fig 11) shows five resonance peaks for the pyridine ring carbon 

atoms, which is anticipated for the unsymmetrical molecule. e3 and e5 may be 

assigned to the low field shifts at 153 and 157 ppm on the basis of the large one bond 

coupling with a fluorine (214 Hz); e4 would be expected to show a doublet of doublet 

due to ·the coupling with fluorine atoms at the 3- and 5- positions but we observe a 

triplet instead (the 2J couplings are comparable) at 108 ppm, the two other carbons were 

attributed to resonances at 122.8 and 128.5 ppm. The carbon atoms of 1-chloro-2-(1-

ethynyl)benzene were readily assigned. The structure of (41) was also confirmed by X 

ray analysis (Fig12). 

Cl2 128.5 125.6 Cll chlorofonn 

122.8 C2 

Cl3 129.9 / 120.7 C9 

""'-CIO 132.9 

Cl4l 
135.6 C4 

C7 C8 
108.2 

92.7 83.8 

160 140 120 100 

Fig 11: Be NMR of (41) 
80 ppm 
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Fig 12: Single molecule of ( 41) 

Fig 13: Packing arrangement of (41) 

Two polymorphic form of (40) were revealed by the X-ray analysis of two 

samples obtained from two distinct reactions. The most common factors leading 

to polymorphism in organic compounds are the nature of the solvent of 

crystallisation, cooling and stirring rates, presence of impurities and the 

temperature of crystallisation. One form was recrystallised from toluene and the 

other from dichloromethane, but the rate and the temperature of crystallisation 

were not controlled. At a given temperature and pressure, only one polymorphic 

form of a substance is thermodynamically stable, but since the rate of 

transformation of metastable polymorphs to the stable one can be slow, it is not 

surprising that we obtained two polymorphs of ( 40). 
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Fig 14: Packing arrangement of polymorph (I) of(40) 

Fig 15: Packing arrangement of polymorph (II) of ( 40) 
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V. 1. 1. f (1) with 1-(1-ethynyl)-4-methoxybenzene 

Coupling led to the formation of ( 42) only which was easily separated by column 

chromatography; 19F NMR gave a singlet at -109.3 ppm and confirmation of the 

structure was achieved by X-ray analysis. Substitution occurred at the 2- and 6-position, 

although this substrate bears the least acidic proton of the series of substituted 

acetylenes. 

F 
42% (42) 

Reagents and conditions: 1-(1-ethynyl)-4-methoxybenzene (1.2 equivs), Cui, 
PdC12 (PPh3)2, Et3N, rt, 48 h 

Examination of the solid state structure showed that the methoxy groups are 

distorted in the solid state and occupy two positions corresponding to two electronic 

densities, giving rise to two residual peaks. 

Fig 16: Single molecule of (42) 

105 



V.1. 2 Conclusions 

The coupling reactions of (1) with different substituted phenylacetylenes under 

Sonogashira conditions led to the observations that: 

• The 2-and 6-positions are the most reactive positions in all cases, 

• The 4-bromo substituted phenylacetylene is the most reactive, and also the 

most acidic (in the series of para substituted phenylacetylenes) (see 

section V. 1. 1. c and table 1 ), in this system attack at the 4-position occurs 

to give the trisubstituted product, 

• Steric factors are important in these reactions, the most acidic substrate, 

namely o-chlorophenylacetylene, did not give the trisubstituted product. 

As a result, the 2- and 6-positions are the most reactive positions 

• The nature of the Pd(O) active species might play a role 1n the 

regioselectivity of the reaction. The exact structure of the Pd(O) active 

complexes is not identified and the more bulky dimeric species 

Pd(0)2(PPh3)4Cll- in equilibrium with the anionic Pd(O)(PPh3)2Cr 

complex might contribute to the structure of the active Pd(O) species. 

V. 1. 3 (1) with trimethylsilylacetylene 

The Sonogashira coupling reaction is a very efficient method for the synthesis of 

terminal acetylenes (as an alternative to the halogenation-dehalogenation of vinyl 

aromatics for example). The use of trimethysilylacetylene6 is advantageous since it will 

afford a crystalline and readily manipulated trimethysilsyl-protected ethynyl fluorinated 

pyridine derivative. 

Coupling of 2,4,6-tribromo-3,5-difluoropyridine (1) conducted using the standard 

catalyst (PdCh(PPh3)2) and Cui, gave a brown insoluble powder. Microanalysis of the 

powder revealed the presence of nitrogen (7 .9 % N) and the formation of polymeric 

material and ring opening of the pyridine may have occurred. 

Alternatively, we used another catalytic system (Pd(OAc)2, PPh3f, which 

afforded ( 43) after reaction at room temperature. In this case the use of 1.2 equivalents 

of the substrate was sufficient to afford the trisubstituted product only. 
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Br II 
F~F F 

~-T~ 29% (43) 
Br N Br 

Reagents and conditions: trimethysilyl acetylene (1.2 equivs), Cui, Pd(OAc)b 
PPh3, Et3N, rt, 48 h 

The compound ( 43) is fairly sensitive to air and moisture (mp 96.3-96.8°C), 

although it did not degrade with time. 

When Pd(OAc )2 was used in combination with PPh3 as a catalytic system, we 

observed the formation of the phosphine oxide (GCMS-31P NMR), in fact one 

equivalent of triphenylphosphine is oxidised to triphenylphosphine oxide during the 

reduction of palladium acetate to Pd(O): 

fast 
Pd(OAc)2 + 2 PPh3 ---

Ph P OAc 
3 _::::Pd(II9 slow 

AcO '--- PPh3 

AcO-PPh3 + + AcO-

Pd(O)(PPh3)(0Ac r + AcO-PPh3 + 

CAc0"'-
0PPh3 

Ac-0 
(OAc )2 + (O)PPh3 

Two unexpected results were obtained in the above coupling: a) (PdCb(PPh3) 2, 

Cui) is inactive for this system, whereas (Pd(OAc )2, n PPh3, Cui) promotes coupling; b) 

all three 2, 4, and 6- positions are activated. When palladium dichloride is used, another 

process might compete efficiently with the transmetallation or the reductive elimination 

step of the reaction, because either the copper acetylide is not formed or 

transmetallation into the Pd (II) complex is too slow. Whereas with palladium acetate, 

transmetallation and reductive elimination proceed normally. In order to probe the role 

of the structure Pd(II) complexes in the coupling on the site of substitution, reaction of 

2,4,6-tribromo-3,5-difluoropyridine(l) with phenylacetylene using Pd(0Ac)2, PPh3 as a 

catalytic system was undertaken. 
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The reaction was performed in a NMR tube and the only coupled product 

observed by 19F NMR and GCMS was (34), and no substitution at the 4-position was 

observed: 

Br Br 

F~F--
)L,~ 

Br N Br 

0 

F 
(34) 

Reagents and conditions: Phenylacetylene (1.3 equivs), Cui, Pd(OAch, PPh3, 

Et3N, sonic bath, 3 hrs 

It is difficult to rationalise the results obtained above, as many factors such as the 

nature of the Pd(O) active species and intermediate formed and the bulk of the active 

Pd(O) species involved may play a role in the reactivity and regioselectivity of the 

reaction. 

Coupling of trimethylsilylacetylene with 4-iodotetrafluoropyridine afforded ( 44) 

as a mixture with the trimethylsilyl acetylene dimer (m/z 194). The reaction proceeded 

slowly and after 5 days at room temperature the conversion was 81%. Separation by 

column chromatography (on silica or alumina) or preparative gas chromatography did 

not allow the isolation of highly pure samples of ( 44). 

I II 
F~F 
)L __ ~ 

F N F 
70 % GC yield ( 44) 

Reagents and conditions: trimethysilyl acetylene (1.2 equivs), Cui, Pd(OAch, 
PPh3, Et3N, rt, 5 days 

V. 1. 4 (1) with trimethylsilylphenylacetylene 

Coupling was relatively slow since no reaction occurred after 28 hrs at room 

temperature; the reaction was allowed to proceed by increasing the temperature to 

reflux, affording three products corresponding to (33), (34) and ( 45) as a minor product. 
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The structure of (33) and (34) were established by comparison with authentic samples 

previously prepared. 

0 
Br II 

F~F 
J,T~ 

Br N Br 

F 

15% ( 45) ' (33) ' (34) 

0 
Reagents and conditions: trimethylsilylphenylacetylene (7 equivs), Cui, 

PdC12(PPh3)b Et3N, reflux, 56 h 

The formation of ( 45) results from the deprotection of the Ar-TMS product (A) 

with the bromide anion Br- formed in situ: 

F~F 
~"~ Br N Br 

F F 
,~ 
~ 

(45) 

N 

(A) 

Use of the alternate catalytic reagent (Pd(OAc)2, PPh3) under milder conditions 

(room temperature) failed to afford the coupled product. Here again, as with 

trimethylsilylacetylene, we observed that substitution occurs at the 4-position, which 

confirms the fact that the nature of the nucleophile is also important in the 

regioselectivity of the reaction. 
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V. 1. 5 Conclusions 

2,4,6-Tribromo-3,5-difluoropyridine (1) is activated towards palladium induced 

cross coupling reactions under Sonogashira conditions, the 2- and 6- positions are the 

most active positions and in some cases substitution at all three positions is observed. 

The interplay of different factors such as the nature of the Pd(O) species formed, the 

nature of the nucleophile and steric factors give rise to different patterns of substitution. 

Electronic and steric effects of the substituted groups on phenylacetylene induce 

different arrangements and packing in the solid state. 

V. 2 The Suzuki Coupling 

The Suzuki coupling is a versatile and efficient palladium mediated coupling 

method for the substitution on 2,4,6-tribromo-3,5-difluoropyridine (1) using substituted 

aryl boronic acids. The wide range of commercially available boronic acids, the 

relatively low toxicity of the by products formed and the possibility to work under 

aqueous conditions can be exploited to perform coupling with various aryl boronic 

acids. 

The original conditions as first reported by Suzuki (Pd(PPh3)4, Cs2C03/I-h0, 

toluene) applied for the synthesis of biaryls showed that electron rich arene boronic 

acids were prone to deboronation under these conditions but, Gronowitz8 demonstrated 

that such deboronations can be suppressed by using glycol dimethyl ether (DME) as the 

solvent. Gronowitz9
'
10 conditions (Pd(PPh3)4, Cs2C03/H20, DME) have been used 

during our coupling reactions. 

V.2. 1 (1) with benzeneboronic acid 

Gronowitz conditions were used for this coupling using Ba(OH)2 as a base, one 

equivalent of benzeneboronic acid afforded a mixture of the monosubstituted, 

disubstituted and trisubstituted 2,4,6-tribromo-3,5-difluoropyridine; using an excess of 

benzeneboronic acid gave 3,5-difluoro-2,4,6-triphenylpyridine (46) as a major product 

in good yields: 
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Br 

F~F 
J, T~-------

Br N Br 

Br 

F F~F 
+ J~T~ 0 0 N~ 0 0 

43% (46) 18% (GC) 

Reagents and conditions: 3 equivs benzeneboronic acid, 4 equivs Ba(OH)b 

Pd(PPh3)4, DME/H20, 93°C, 48 hrs. 

V. 2. 2 (1) with p-tolylboronic acid 

Using one equivalent ofp-tolylboronic acid afforded a mixture (47) and (48) after 

total conversion of the starting material, 19F NMR proved the symmetrical nature of the 

two molecules (respectively at -117 and -127 ppm). Using an excess of the nucleophile 

afforded (48) as a major product: 

21 %(GC) (48) 

Reagents and conditions: 1.2 equivs p-tolylboronic acid, 2 equivs Ba(OH)2, 

Pd(PPh3)4, DME/H20, 93°C, 24 hrs. 

Single crystal X-ray analysis of (47) showed a disordered arrangement, where 

interestingly four single molecules (A), (B), (C), (D) have different bond angles and 

bond lengths. Fig 17 show two of the four different arrangements of the single 

molecules. The benzene rings (with their hydrogens) in (B) for example are disordered 
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with equal probability between two positions (I) and (II). The order in the sublattice 

(a/2, b, c) is violated by different orientations of the benzene rings in (C) and (D). 

Fig 17: Two different types of single molecules in ( 4 7) 
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Fig 18: Disorder of the benzene ring in (B). 

This unexpected packing in the solid state might result from the steric bulk 

introduced by the methyl groups on the benzene rings, and more surprisingly we also 

observe partial overlapping of the pyridine moiety with the aromatic rings. 

Br 

F~F------------~ 
)L,T~ 

Br N Br 

F 52% (48) 

Reagents and conditions: 3 equivs p-tolylboronic acid, 3 equivs Ba(OH)b 

Pd(PPh3) 4, DME/H20, 93°C, 18 hrs. 

13C NMR of (48) showed that the aromatic carbons of the rings at the 2-C and 4-C 

of the pyridine ring are not identical and the NMR spectra displayed 13 resonances, 

three of them corresponding to the symmetrical pyridine ring carbon atoms, a low field 

large doublet at 152.6 ppm corresponding to C-3 and C-5. C-4 shows a triplet (rather 

than a doublet of doublet) at a lower shift (127 ppm) than expected due to the presence 

of the p-tolyl group instead of the bromine atom. 
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C8 and C8' C7' 

C7 

129.4 

127 C4 

124.8 C-6' 

chlorofonn 

Fig 19: 13C NMR of (48) 

V.2. 3 (1) with 3-nitrobenzeneboronic acid 

C9' 

22.7 

C9 

21.3 

9' 

Coupling with 3-nitrobenzene boronic acid afforded unexpected results, s1nce 

when both equimolar and excess amounts of the nucleophile were used we observed the 

exclusive formation of ( 49). The structure of ( 49) was confirmed by GCMS, NMR and 

microanalysis. 

F~F------------~ 
Br N Br 

Reagents and conditions: 1.2 or 3 equivs 3-nitrobenzeneboronic acid, Ba(OH)2, 

Pd(PPh3)4, DME/H20, 93°C, 20 hrs. 

We can explain the formation of ( 49) by the fact that the introduction of the 

strongly electron withdrawing group at the 2 and 6-positons activates the pyridine ring 

towards nucleophilic substitution, and attack at the C-F center by the free base (OH-) 

present in solution occurs. The nucleophilic substitution occurs even if the amount of 

base present is the amount strictly necessary (2 equivalents) for the palladium catalysed 

coupling, which accounts for the moderate yields obtained. We could also envisage that 

attack of the free base occurs prior to palladium catalysed coupling, however, this is 

improbable since no similar behavior is observed with other substituted boronic acids. 
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V. 2. 4 (1) with 4-trifluoromethoxybenzeneboronic acid 

Coupling with p-trifluoromethoxybenzene boronic acid afforded a mixture of 4-

bromo-3,5-difluoro-2,6-di( 4-trifluoromethoxyphenyl)pyridine (SO) and 3,5-difluoro-

2,4,6-tri( 4-trifluoromethoxyphenyl)pyridine (51): 

Br 
Br 

F~F------------~ 
)L,T~ 

F~F 8F-58.!,-115.5ppm 

~)!_N~0 22% (50) 
Br N Br 

~c~ ~oc~ 
Reagents and conditions: 0.8 equivs 4-trifluoromethoxybenzeneboronic acid, 

Ba(OH)2, Pd(PPh3) 4, DME/H20, 93°C, 21 hrs. 

An excess of 4-trifluoromethoxybenzeneboronic acid afforded 3,5-difluoro-2,4,6-

tri( 4-trifluoromethoxyphenyl)pyridine (51) in good yields: 

Br 

F~F------------~ 
F 8F -58.5,-126.1 ppm 

)L,T~ 
Br N Br 

Reagents and conditions: 3 equivs 4-trifluoromethoxybenzene boronic acid, 
Ba(OH)2, Pd(PPh3)4, DME/H20, 93°C, 12 hrs. 

80% (51) 

In the course of these experiments we made some observations that are worth to 

noting and rationalising: 

-When coupling with 4-methoxybenzeneboronic acid was performed, lower yields 

of the expected substituted products were obtained and the mixture was contaminated 

with the dimerised product 1-methoxy-4-( 4-methoxyphenyl)benzene (m/z 214, 

compared to authentic samples). The formation of the biphenyl has been generally 

observed only when the cross coupling is very slow, and the rate of homocoupling is 

. d. h f 1112 Increase 1n t e presence o oxygen ' . 
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-We also observed in the course of all the coupling reactions that various amounts 

of triphenylphosphine oxide (TPPO) (B) are present as soluble phosphorous species in 

solution. TPPO was separated and identified by 31P NMR, 13C NMR and GCMS. 

Although TPPO might be formed by the oxidation of triphenylphosphine in the 

presence of oxygen, and commercial palladium tetrakis triphenylphosphine contains 

TPPO in small amounts, it cannot account alone for the amounts observed, since the 

reactions are carried out under nitrogen and the same batch of palladium catalyst was 

used for all the coupling reactions. The formation of TPPO occurs during the 

regeneration of the catalyst by reduction of Pd(II) back to Pd(O). The reduction of Pd(II) 

intermediates at elevated temperatures with PPh3 under basic conditions is a well 

known13
'
14 process. 

Studies on the reaction of palladium(II) complexes in alkali solution in the 

presence of iodobenzene gives TPPO and a phenyl palladium dimer with two hydroxo 

bridges only; these species were identified by 31P NMR and single crystal X-ray 

crystallography, and almost no Palladium metal was formed: 

2[(PPh3)2PdCh] + 2Phl + 6KOH ---~ [PPh3Pd(Ph)(OH)]2 + 2 

PPh30 + 2 KI +4KC1 + 

2H20 

The palladium phosphine complexes proceeding in the presence of alkali are 

reduced to a Pd(O) species by their own coordinated phosphine ligands which are 

oxidised to phosphine oxides, OH- playing the role of a specific promoter. Even if we 

are unable to identify the precise Pd species involved, this process may account for the 

regeneration of the active palladium catalyst in our reaction. In fact, the stoichiometry 

used (1 :2) provides more than enough base to complex the boron reactants and form the 

hydroxy-palladium complex, leaving free OH- to take part in the reduction of Pd(II) 

back to Pd(O). However, that catalytic regeneration can also occur through the reduction 

of Pd(II) by the organoboron substrate must not be completely ruled out15
. 
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V. 3 Palladium catalysed reactions of 2,4,6-tribromo-3,5-

difluoropyridine(l) with amines and ethers 

V. 3. 1 (1) with butylamine 

The palladium catalysed amination reaction has emerged as a useful methodology 

for the amination of aryl halides as an alternative route to nucleophilic aromatic 

substitution. The nucleophilic substitution reactions of 2,4,6-tribromo-3,5-

difluoropyridine with amine nucleophiles led to different products arising from 

substitution at the C-F and I or C-Br bond; these patterns of substitution are dependent 

on the nature of the amine (hard or soft). Ammonia led to exclusive substitution at the 

C-F bond, whereas piperidine and diethylamine to substitution at the 2- and 4- positions. 

Coupling with a primary amine (butylamine) was performed under catalytic and non

catalytic conditions to investigate the effect of palladium on selectivity, which we 

expect to direct substitution at the C-Br centre. 

For the coupling of 2,4,6-tribromo-3,5-difluoropyridine with butylamine we used 

a bis-chelating phosphine ligand such as DPPF (1, 1 '-bis( diphenylphosphino )ferrocene) 

(BINAP can also be used) which inhibit side reactions such as P-hydride elimination 

from the amidopalladium complex and the formation of the debrominated product 

(otherwise observed with non chelating ligands such as P(o-tolyl)3 ligand) 16
'
17

. 

The presence of electron-withdrawing groups on 2,4,6-tribromo-3,5-

difluoropyridine should accelerate the reaction rate by accelerating the reductive 

elimination step. The amido complexes containing the chelating phosphine DPPF are 

stable and facilitate reductive elimination to form the aminopyridine expected. The 

reductive amination is believed to occur from a cis four coordinate palladium amido 

complex although it has been proposed that an additional pathway involving the 

formation of a dipyridineamido complex, more stable than the monopyridineamido 

complex, might occur and slow down the catalytic cycle. 

The same reaction was conducted without palladium catalyst in the same 

conditions (solvent, temperature, reaction time). The results obtained in both reactions 

are summarised in the table below: 
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Br 
F~F 
)L_T~ 

Br N Br 

(53) 

Yield of (53) c) (%) Yield of (54) (%) 

Catalytic conditions a) 42 40 

Non-catalytic conditions b) 20 57 

a): butylamine (1.2 equivs), Pd2(dba)3, DPPF, Cs2C03, toluene, 90°C, 20 hrs. 
b): butylamine (1.2 equivs), toluene, 90°C, 20 hrs. 
c):combined GC yields of the two isomers. 

The purification of (53) was not attempted and (54) was identified by GCMS and 

NMR spectroscopy (Fig 20). 

C5 
153.7 

160 

143.5 

C3 

140 

C7 47.1 32.8 C8 

Br 8 19.8 C9 

F~NH~ 10 

)t_,T~3 7 9 
Br 6"N 2 Br 

C2 

125.9 C6 C4 

115.5 110.5 

II 
120 100 

chlorofonn 

I 
80 60 

Fig 20: 13C NMR of (54) 

13.7 CIO 

40 20 

We expect that the use of a harder amine would direct substitution towards the C

F centre even more. 
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V. 3. 2 (1) with sodium methoxide 

A similar approach was used to probe the ability of palladium coupling 

methodology to direct coupling at the C-2 and C-4 carbons in the formation of aryl 

ethers. Although reduction through P-hydrogen elimination cannot occur when aryl 

alcohols (or oxides) are used, the use of bis-chelating ligand is still necessary because it 

will accelerate reductive elimination and the use of preformed oxides is preferable to 

caesium carbonate. 

Coupling with sodium methoxide performed in toluene in the presence of 

palladium catalyst, proceeded only after addition of a phase transfer catalyst to give 2,6-

dibromo-3-fluoro-5-methoxypyridine (55) only; GCMS analysis showed a typical three 

line two bromine pattern and the structure was confirmed by 13C NMR (fig 21). 

Br 
F~F 
)L,T~ 

Br N Br 
(1) 

H 
F~OCH3 
)L,T~ 

Br N Br 

(55) + (1) 

Reagents and conditions: sodium methoxide (2 equivs), Pd2(dba)3, DPPF, Cs2C03, 

benzyldimethyltetradecylammonium chloride dihydrate 

toluene-THF (1: 9), 80°C, 60 hrs. 

chloroform H 7 FriOCH3 
s 1 3 

/-

Br 6 N 2 Br 
CJ C5 

co 
157.4 118.6 

lr37 C4 

C3 ~ 108.5 
C7 

124.7 '57 

160 140 120 100 80 60 

Fig 21: 13C NMR of (55) 
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The formation of (55) results probably from the generation of the P-hydride 

elimination product, which is formed due to the faster nucleophilic substitution of the 

hard methoxide anion at the C-F centre compared to the slower C-0 reductive 

elimination from the palladium complex (56). The bis-chelating ligand effect favouring 

the reductive elimination over P-hydride elimination is not sufficient to counterbalance 

the reactivity of sodium methoxide towards the C-F centre. 

(56) 

H 
Fv.lvocH3 

(55) )L_~T~ 
Br N Br rPd(O) 

Pd(II) OCHJ 
F~QCH3 
)l,T~ 

Br N Br 

Br 
Fv.lvocH3 
)l,T~ 

Br N Br 

Pd(II)Br 
F~QCH3 
)l,T~ 

Br N Br 

NaBr ~ CH30Na 

H.Pd(II) H 
~-hydride elimination F~ocH3 Fv.lvocH3 
~ )l,A ---)l,T~ (55) 

0 \ Br N Br Br N Br 

(56) 
H)lH (57) 

Scheme 10: Mechanism of the formation of (55) 

The same reaction without palladium catalyst afforded the expected 2,4,6-

tribromo-3-fluoro-5-methoxypyridine (58), as identified by comparison with previous 

authentic samples of (7). 

Br 

F~F 
)l,T~ 

Br N Br 

(1) 

Br 

FnOCH3 I + 
Br N~ Br (58) 

(1) 

Reagents and conditions: sodium methoxide (2 equivs), toluene-THF (1 :9), 
rt, 20 hrs. 
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V. 3. 2 Conclusion 

These experiments demonstrate that reactions of 2,4,6-tribromo-3,5-

difluoropyridine towards oxygen and nitrogen nucleophiles are mostly governed by the 

directing effects of fluorine and bromine through their interaction with hard and soft 

nucleophiles, and this pattern of reaction is not significantly affected by the directing 

effect towards the C-Br introduced by the use of palladium catalysis. However, the 

reduction of bromine to hydrogen when sodium methoxide was used is observed. 

V. 4 The Negishi coupling 

The Negishi coupling could be a useful approach for the synthesis of aryl

heteroaryl compounds from 2,4,6-tribromo-3,5-difluoropyridine (1) using aryl halides 

and the zinc derivative prepared from (1 ). We first investigated the possible ways to 

prepare the desired zinc derivative. Direct insertion of zinc (15 hours, Zn granules, 

DMF), active Rieke's zinc (lithium, naphthalene, ZnCh) and chemical activation (Zn 

granules, dibromethane, trimethylsilyl chloride) failed to afford a zinc derivative. 

However, the more straightforward directed halogen-metal exchange at low temperature 

with butyl lithium followed by transmetalation with (Li-Zn) provided access to the 

organometallic zinc intermediate in a quantitative manner. Therefore, the synthesis of 

the 4-aryl substituted 2,6-dibromo-3,5-difluoropyridine is a possible via a one pot 

synthesis in a three step sequence. 

V. 4. 1 (1) with iodobenzene 

This methodology was applied for the arylation of 2,4,6-tribromo-3,5-

difluoropyridine and afforded the coupled product 2,6-dibromo-3,5-difluoro-4-

phenylpyridine (60) in good yields after heating at 50°C for 17 hours, and the product 

was easily purified by column chromatography: 
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Br ZnX 
F~F 
)L,T~ 

Br N Br 

F F F~F 
)L,T~ 

Br N Br 
75% (60) 

Br Br 
(59) 

Conditions and reagents: BuLi (1.2 equivs), -78°C, THF, 1 hr; ZnX2 (1M, 2.5 
equivs), rt, 30 mn; iodobenzene (0.6 equivs), Pd2(dba)3, 

TPP, 50°C , 17 hrs. 

V. 4. 2 (1) with 1,4-diiodobenzene 

Trapping of the zinc derivative with an excess of diiodobenzene (0.3 equivalents 

respective to the zinc derivative) failed to afford the desired product (61); however (61) 

was obtained by using a larger amount of diiodobenzene (0.6 equivalents respective to 

the zinc derivative) and 2,6-dibromo-3,5-difluoro-4-( 4-iodophenyl)pyridine (62) was 

also formed and isolated: 

Br ZnX 

F~F-- F~F 
)L,T~ )L,T~ 

Br N Br Br N Br 

Br F 

N;:t-o-J 
Br F 

36%, 8F -113.9 ppm 

(61) 

X: Cl or Br 
Br~F F. Br 

- - f \ 45%, 8F -113.7 ppm 
N~ /; ~ /; _ N 

(62) 
Br F F Br 

Conditions and reagents: BuLi (1.2 equivs), -78°C, THF, 1 hr; ZnX2 (IM, 2.5 
equivs), rt, 30 mn; diiodobenzene (0.6 equivs), Pd2(dba)3, 

TPP, rt, 5 hrs. 

Single crystal X-ray analysis confirmed the structure of (62): 
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Fig 22: Single molecule of (62) 

Fig 23: Packing arrangement of ( 62) 

The stepwise synthesis of (62) via the formation and isolation of (61) first did not 

afford better yields of (62). 

Attempted coupling of 2,6-dibromo-3,5-difluoro-4-(4-iodophenyl)pyridine (61) 

with 3-bromopyridine (via metal-halogen exchange and transmetalation with zinc) 

failed when tetrahydrofuran was used as solvent but the reaction proceeded with 

dimethylformamide, affording a complex mixture that was not analysed further. 
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The mixture contained amounts of (63) as identified by GCMS analysis (m/z 505) 

and a three line pattern characteristic of a three bromine containing molecule indicating 

that deprotonation rather than metal halogen exchange of the 3-bromopyridine might 

have occurred also: 

ri'YBr 

ll __ _;Jli 
N 

Br F 
Q-o-1 

Br F B'>={_j~r0yBr 
NK ~ ~NJ +others 

Br F 

Coupling with acid chlorides (acetyl chloride, benzoyl chloride) ustng this 

methodology failed to give satisfying results, and 2,6-dibromo-3,5-difluoropyridine was 

exclusively formed; it is possible that these results are the consequence of the presence 

of some free acid in the acid chloride. Only low yields of the acylheteroarenes have 

been previously reported in the literature18. The uncatalysed process gave high yields of 

the desired products ( (28) and (31)) and is therefore a superior method for the formation 

of the corresponding acylheteroarenes. 

We also attempted to prepare (64) by this methodology, as an alternative to the 

Ullman coupling, which was previously unsuccessful. 65% conversion was observed 

after 48 hrs, the reaction mixture contained the title product, but here again the mixture 

was too complex to allow separation of high purity samples of (64). The zinc derivative 

of 2,4,6-tribromo-3,5-difluoropyridine might not be reactive enough to undergo 

efficient coupling. 

FXF 
~.~ Br N./: Br 

Br>=< >=<Br 
N~N + others + (1) 

Br F F Br 

m/z 544 (64) 

Reagents and Conditions: 1.2 equivs. (1), Pd2(dba)J, TPP, THF, 50°C, 48 hours 
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V. 4. 3 Conclusions 

These results demonstrate that the zinc mediated cross coupling reactions allows 

the preparation of aryl-heteroaryl coupled products derived from 2,4,6-tribromo-3,5-

difluoropyridine and aryl iodides. We can anticipate that a range of bis-heteroaryls can 

also be attained via coupling with the very reactive substituted iodopyridines, rather 

than the less reactive bromo counterparts. 

V. 5 Conclusions 

The use of palladium-mediated reactions with (1) allowed the synthesis of a range 

of substituted heterocycles in an efficient manner via coupling at the C-Br centres. The 

coupling reactions with substituted phenylacetylenes under Sonogashira conditions 

showed that the 2- and 6-positions were the most reactive ones, the use of boronic acids 

as coupling partners gave the disubstituted and trisubstituted products and in that case 

all three positions were activated towards coupling. A stable zinc derivative of (1) was 

obtained which can be coupled with different aryl iodides, allowing functionalisation at 

the 4- position only. Palladium mediated cross coupling is a viable methodology for the 

functionalisation of halogenated heterocycles such as (1 ), and a wide range of substrates 

can efficiently take part in these reactions. 
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CHAPTER VI 

Experimental section 

INSTRUMENTS AND REAGENTS 

Gas Liquid Chromatographic analysis 

Chromatography was performed on a Hewlett Packard 5890 Series II gas liquid 

chromatograph equipped with a 25m cross-linked methyl silicone or 5% phenyl methyl 

silicone capillary column. 

NMRspectra 

NMR spectra were recorded in deuteriochloroform on either a Brucker AC 250, a 

Varian Gemini 200, a Varian Mercury 200, a Varian VXR 400S or a Unity Inova 500 

NMR spectrometer using trimethylsilane as internal standard. Coupling constants are 

given in Hertz (Hz) and in 19F NMR upfield shifts are quoted as negative. 

Mass Spectra 

Mass spectra were recorded on a Fisons VG Trio 1000 spectrometer coupled with a 

Hewlett Packard 5890 series II gas chromatograph. Accurate mass measurements were 

determined on a Micromass autospec mass spectrometer or at the EPSRC Mass 

Spectrometry Service Centre, Swansea. 

Elemental Analyses 

Elemental analyses were carried out on an Exeter Analytical CE-440 elemental analysis 

machine. 

Reagents and solvents 

All chemicals were used as received from the suppliers unless otherwise stated. 

Solvents were dried using standard methods and stored over molecular sieves when 

appropriate. 

126 



Melting points 

Melting points were carried out at atmospheric pressure using a Gallenkamp apparatus 

and are uncorrected. 

Boiling points 

Boiling points were either recorded during distillation or determined at atmospheric 

pressure (Siwoloboffs method) using a Gallenkamp apparatus and are uncorrected. 

FT-IR Spectra 

IR spectra were recorded on a Perkin-Elmer 1600 FT-IR spectrometer using thin films 

between KBr plates as either neat liquids or as Nujol mulls. 
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VI. 1 EXPERIMENTAL TO CHAPTER I 

VI.l. 1 Synthesis of 2,4,6-tribromo-3,5-difluoropyridine (1) 

A Hastalloy autoclave (equipped with a copper gasket and an Inconel bursting disc,) 

charged with aluminium bromide (50.0 g, 0.187mol), pentafluoropyridine (20 g, 0.118 

mol) and hydrogen bromide (25 g, 0.31 mol). The autoclave was heated at 150°C for 63 

hours then cooled and excess gaseous hydrogen bromide was neutralised by release 

through a column of soda lime. The autoclave was opened and ice water added to the 

solid contents. This mixture was extracted with DCM, washed with water, and dried 

over MgS04 and the remaining DCM was removed giving 2, 4, 6-tribromo-3, 5-

difluoropyridine (34.0 g, 81 %) as white crystals, m.p. 114-115 OC (from DCM

petroleum ether 940-60)(1: 1) (Found: C, 17.1 0; N, 3 .8. C5Br3F 2N requires C, 17.07; N, 

3.9); nmr spectrum no. 1; mass spectrum no. 1, ir spectrum no 1. 

VI. 1. 2 Synthesis of 4-bromo-2,3,5,6-tetrafluoro-pyridine (3) 

VI. 1. 2 a Using aluminium bromide and hydrogen bromide: 

The reaction was carried out in a 160 ml Hastalloy autoclave equipped with a copper 

gasket and an Inconel bursting disc. The autoclave was charged with aluminium 

bromide (13.0 g, 49.31 mmol), pentafluoropyridine (5 g, 29.5 mmol) and hydrogen 

bromide (2 g, 24.65 mmol) and heated at 150°C for 20 hours. After cooling, the excess 

gaseous hydrogen bromide was neutralised by release through a column of soda lime. 

The autoclave was opened and ice water added to the solid contents. This mixture was 

extracted with DCM, washed with water, and dried over MgS04. The crude mixture 

was purified by vacuum transfer, to afford 4-bromo-2, 3, 5, 6-tetrajluoro-pyridine (1.4 g, 

44%) as a white liquid, b.p. 136-138°C, (Found: C, 25.8; N, 5.9. C5F4NBr requires C, 

25.6; N, 6.15). nmr spectrum no. 2. 

VI. 1. 2. b From 2,3,5,6-tetrafluoro-4-pyridinamine (2) 

In a round bottomed flask, a solution of pentafluoropyridine (5 g, 29.58 mmol) was 

vigorously stirred at room temperature with liquid ammonia; after 30 min a white 

precipitate was formed in the organic layer, water was added, the solution was extracted 

with ether, dried over MgS04 and evaporated to give 2, 3, 5, 6-tetrafluoro-4-pyridinamine 
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(2) (4.9 g, 100%) as a white solid, m.p. 76-78°C, (Found: C 35.8,1; H, 1.13; N, 17. 

C5H2N2F4 requires C, 36.1; H, 1.2; N, 17.05). nmr spectrum no. 3. 

To a stirred solution of the amine (3 g, 18 mmol) was added hydrophosphorous acid (20 

ml, 50% in water) at 0°C over 30 min, then sodium nitrite was added dropwise to the 

solution which turned to yellow over 15 min. CuBr (11.3 g) in hydrobromic acid (18 

ml) was added at 0°C over 15 min and the solution was allowed to warm to room 

temperature. The mixture was diluted with water, extracted with ether, dried over 

MgS04 and the solvent removed giving a yellow oil (1.65 g). The crude solution 

consisted in a mixture of 4-aminotetrafluoropyridine and 2, 3, 5, 6-tetrafluoro-4-

bromopyridine (in 55% yield). No further purification was attempted. 

VI. 1. 2~ b. c From pentafluoropyridine and lithium bromide 

In a carius tube was added pentafluoropyridine (2 g, 11.83 mmol), lithium bromide LiBr 

(0.3 g, 11.83 mmol) and dried sulpholane. The carius tube was heated at 225°C for 24 

hours, cooled down and DCM was added and stirred for 12 hours at room temperature. 

Distillation under reduced pressure afforded 2, 3, 5, 6-tetrajluoro-4-bromopyridine 

(15% ). The product was identified by comparison with analytically pure samples. 

VI. 1. 3 Synthesis of 2,6-dibromo-3,5-difluoro-4-chloropyridine ( 4) 

In a round bottomed flask was mixed 2,4,6-tribromo-3,5-difluoropyridine (0.5 g, 1.42 

mmol) and lithium chloride LiCl (60 mg, 1.42 mmol) in DMF, the mixture was heated 

at 92°C for 20 hours. Water was added; the mixture extracted in DCM, dried over 

MgS04 and the solvent evaporated. Chromatography on silica gel with hexane as the 

eluant afforded 2, 6-dibromo-3, 5-di.fluoro-4-chloropyridine (93 %, 0.41 g) as a white 

solid, m.p. 76.2-76.5°C. (Found 304.8058. C5F2Br2ClN requires 304.8054), nmr 

spectrum no. 4, mass spectrum no. 2, ir spectrum no 2. 

VI. 1. 4 Synthesis of 2,6-dibromo-3,5-difluoro-4-iodopyridine (5) 

In a round bottomed flask was mixed 2,4,6-tribromo-3,5-difluoropyridine (3 g, 8.54 

mmol), sodium iodide Nai (6.4 g, 42.7 mmol) in DMF, the mixture was heated at 150°C 

for 20 hours. The mixture was extracted with a mixture of water and ether (50:50 % 

volume) then washed with sodium metabisulfite and with water again; it was then dried 

over MgS04 and the solvent evaporated. The crude was product was washed with 
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hexane and chromatography on silica gel with DCM-hexane (1:1) as the eluant afforded 

2,6-dibromo-3,5-difluoro-4-iodopyridine (64%, 2.2 g) as a white solid, m.p. 154-155°C 

(Found 398.7391. C5F2Br2IN requires 398.7389). nmr spectrum no. 5, mass spectrum 

no. 3, ir spectrum no 3. 

VI. 1. 5 Synthesis of 2,3,5,6-tetrafluoro-4-iodopyridine (6) 

In a round-bottomed flask was mixed pentafluoropyridine (20 g, 118.354 mmol) and 

sodium iodide Nal (100 g, 532 mmol) in DMF, and the mixture was heated at 150°C for 

15 hours. The mixture was extracted with a mixture of water and ether (50:50 % 

volume) then washed with sodium metabisulfite and with water again; it was then dried 

over MgS04 and the solvent evaporated. Chromatography on silica gel with DCM

hexane (10:1) as the eluant afforded 2,3,5,6-tetrajluoro4-iodopyridine (87%, 28 g) as a 

white solid, m.p. 64-66°C (Found 276.901015. C5F4IN requires 276.901164). nmr 

spectrum no. 6, mass spectrum no. 4, ir spectrum no 4. 
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VI. 2 EXPERIMENTAL TO CHAPTER II 

VI. 2.1 Synthesis of 2,4,6-tribromo-3-fluoro-5-methoxypyridine(7) 

A solution of (1) (1 g, 2.84 mmol) and sodium methoxide (0.184 g, 0.34 mol) in 

methanol was stirred at room temperature for 55 hours. Methanol was evaporated water 

added and the mixture was extracted into DCM, then dried over MgS04 and evaporated 

to dryness. Chromatography on silica gel column with DCM as the eluent afforded 

2,4,6-tribromo-3-jluoro-5-methoxypyridine (68%, 0.66 g), m.p. 109-110°C, (Found : C 

20.0, H 1.10, N 3.8. C6H3Br3FNO requires C, 19.78; H, 0.82; N 3.65). nmr spectrum no. 

7, mass spectrum no. 5, ir spectrum no 5. 

VI. 2. 2 Synthesis of 2,4,6- tribromo-5-fluoro-3-ethoxypyridine (8) 

In a round-bottomed flask equipped with a condenser and a drying tube, a solution of 

2,4,6-tribromo-3, 5-difluoropyridine (1) (1 g, 2.84 mmol) and 18-crown-6 (0.75 g, 

2.84mmol) in ethanol (10 ml) was stirred at room temperature until dissolution of (1). 

Sodium ethoxide (0.24 g, 3.55 mmol) was added and after stirring for one more hour, 

the solution was heated to 78°C for 84 hours. Water (20ml) was added and the mixture 

extracted into DCM. The DCM solution was dried over MgS04 and evaporated to 

dryness. Column chromatography on silica gel with DCM-hexane (1 :2) as the eluent 

afforded 2, 4, 6-tribromo-5-jluoro-3-ethoxypyridine (62%, 0.65 g), m.p. 95-960C 

(Found: C, 22.4; H, 1.5; N, 3.6. C7H5Br3FNO requires C, 22.1; H, 1.3; N, 3.7%). nmr 

spectrum no. 8, mass spectrum no. 6, ir spectrum no 6. 

VI. 2. 3 Synthesis of 2,4,6- tribromo-3,5-diethoxypyridine (9) 

In a round bottomed flask equipped with a condenser and a drying tube, a mixture of 

2,4,6-tribromo-3,5-difluoropyridine (1) (1.5 g, 4.26 mmol) and 18-crown-6 ether (1.12 

g, 4.26 mmol) in ethanol (1 0 ml) was stirred at room temperature until dissolution of 

(1), then sodium ethoxide (1.74 g, 25.56 mmol) was added and stirred for one more 

hour, the solution was heated to 78°C for 48 hours, water (20 ml) was added and the 

mixture extracted into DCM. The DCM solution was dried over MgS04 and evaporated 

to dryness. Chromatography on silica gel with DCM-hexane (1 :2) as the eluent yielded 

to 2,4,6-tribromo-3,5-diethoxypyridine (59%, 0.67g), m.p. 99-100°C (Found: C, 26.9; 
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H, 2.3; N, 3.4. C9H10Br3N02 requires C, 26.8; H, 2.5; N, 3.5%). nmr spectrum no. 9, 

mass spectrum no. 7, ir spectrum no 7. 

VI. 2. 4 Synthesis of 2,4,6-tribromo-3-fluoro-5-phenoxypyridine (10) 

In a round-bottomed flask equipped with a condenser and a drying tube, sodium metal 

Na (0.33 g, 14.34 mmol) was added under nitrogen to a solution of dry tetrahydrofuran. 

Phenol (1.02 g, 11.48 mmol) was added and the solution stirred at reflux temperature 

(78°C) until dissolution of the sodium was complete. The solution was cooled and 

2,4,6-tribromo-3,5-difluorpyridine (0.8 g, 2.46 mmol) added. After 16 hours the 

solution was cooled down, water added and the solution extracted into DCM, dried over 

MgS04 and evaporated to dryness affording 2,4,6-tribromo-3-jluoro-5-phenoxypyridine 

(54%, 0.67 g). A fluorine NMR (single peak at -104.1 ppm) and GCMS was consistent 

with literature. 

VI. 2. 5 Synthesis of 2,4,6-tribromo-3,5-diphenoxypyridine(13) 

In a three neck flask previously dried equipped with a condenser and a drying tube, was 

dissolved under nitrogen 2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 mmol) in dry 

toluene (1 0 ml), cesium carbonate Cs2C03 (1.85 g, 5.68 mmol), CuBr (0.02 g, 0.142 

mmol), 1-naphthoic acid (0.98g, 5.68 mmol), ethyl acetate (0.5 mmol, 5.0 mol%) and 

molecular sieves SA (650 mg). The solution was refluxed for 36 hours then was cooled; 

filtered and washed with 5% aqueous NaOH and extracted three times with DCM. The 

combined organic layers were washed with brine. The organic layer was dried over 

MgS04 and concentrated under vacuum. Purification by column chromatography on 

silica gel using DCM -hexane (1 :4) as the eluent afforded 2, 4, 6-tribromo-3, 5-

diphenoxypyridine (32%, 0.43 g), m.p. 142-144 °C (Found: C, 40.4; N, 2.4; H, 2.4. 

C17H10Br3N requires C, 40.8; N, 2.8; N, 2.0%). nmr spectrum no. 10, mass spectrum no. 

8, ir spectrum no 8. 

VI. 2. 6 Synthesis of 4-bromo-3,5-difluoro-2,6-diphenoxypyridine (17) 

To a solution of 4-bromo-2,3,5,6-tetrafluoropyridine (0.5 g, 2.17 mmol) in toluene (1 0 

ml) was added phenol (2.17 mmol, 0.2g), caesium carbonate Cs2C03 (2.17 mmol, 1.54 

g), CuBr (2.5 mol%, 0.11 mmol, 20 mg), ethyl acetate (0.125 mmol, 5 mol %), 1-

naphthoic acid (2.17 mmol, 0.37 g) and molecular sieves. The solution was heated to 
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reflux for 55 hours, cooled down and extracted into DCM. The combined organic 

phases were washed with 5% aqueous NaOH, the aqueous layer extracted with DCM, 

and the extracts washed with brine. The crude was dried over MgS04, and the solvent 

evaporated. Purification by column chromatography with silica gel, using DCM as the 

eluent afforded 4-bromo-3, 5-difluoro-2, 6-diphenoxypyridine (32%, 0.26 g) as a white 

solid, m.p.148-149°C (Found C, 53.4; H, 3.0; N, 3.4. C17H10F2NBr02 requires C, 53.9; 

H, 2.6; N, 3.7%). nmr spectrum no. 11, mass spectrum no. 9, ir spectrum no 9. 

VI. 2. 7 Synthesis of 2,3,5,6-tetrafluoro-4-phenoxypyridine (18) and 3,5,6-

trifluoro-2,4-diphenoxypyridine (19) 

In a three neck flask equipped with a condenser and a drying tube was added Na metal 

(1.22 g, 53.28 mmol) under nitrogen to a solution of phenol (6 g, 64.6mmol) in dry 

tetrahydrofuran. The solution was stirred at room temperature for 45 min until total 

dissolution of the sodium metal. Pentafluoropyridine (7.3 g, 43 mmol) was added and 

the reaction was very exothermic and after 1 0 mn a white solid was precipitated 

indicating the formation of sodium fluoride. The solution was stirred at room 

temperature overnight. The sodium fluoride was filtered, the solution was extracted with 

DCM,dried over MgS04 and the DCM was evaporated. Column chromatography on 

silica gel with DCM-hexane (1 :6) as the eluent afforded 2, 3, 5, 6-tetrajluoro-4-

phenoxypyridine (21 %, 2.1 g) as a yellow liquid, b.p. 114-1160C, (Found: C, 54.6; N, 

2.2; H, 5.7. C11H5F 4NO requires C, 54.3; N, 2.0; H, 5.75). nmr spectrum no. 12, mass 

spectrum no. 1 0, ir spectrum no 1 0. 

The other product was identified as 3,5,6-trifluoro-2,4-diphenoxypyridine (6.5 g, 52%) 

as a white solid, m.p. 69-70°C (from hexane), (Found: C, 64.3; N, 4.5; H, 3.10. 

C17H10F3N02 requires C, 64.3; N, 4.4; H, 3.1%). nmr spectrum no. 13, mass spectrum 

no. 11, ir spectrum no 11. 
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VI. 3 EXPERIMENTAL TO CHAPTER III 

VI. 3. 1 General procedure: Preparation of 4-Iithio-2, 6-dibromo-3, 5-

difluoropyridine (20) 

A three necked flask equipped with a low temperature thermometer, a drying tube and 

flushed with dry nitrogen, was charged with 2,4,6-tribromo-3, 5-difluoropyridine (1 g, 

2.84 mmol) and diethyl ether. The mixture was cooled to -78°C before n-butyllithium 

(1.6M in hexanes) (1.9 ml, 3.55 mmol) was added. The resulting solution, which 

gradually turned to yellow, indicating the formation of the lithio anion was stirred at -

78°C for 90 min. 19F analysis of the crude mixture indicated complete of the starting 

material to 4-lithio-2,6-dibromo-3, 5-difluoropyridine; Dp -89.7 ppm (s). nmr spectrum 

no. 14. 

VI. 3. 2 Synthesis of 2,6-dibromo-3,5-difluoropyridine (21) 

A solution of the 4-lithio-2,6-dibromo-3,5-difluoropyridine was prepared at -78°C as 

above. Water was added (20 ml); the solution turned to white and was extracted into 

DCM. The DCM solution was dried over MgS04 and evaporated to dryness. The crude 

product was sublimed to give 2, 6-dibromo-3,5-difluoropyridine (71 %, 0.55 g) as a 

white solid, m.p. 98.4-98.90C (Found : C, 22.2; N, 5.0; H, 0.4; Br, 58.3; F, 13.7. 

C5HF2Br2N requires C, 22.2; N, 5.1; H, 0.3; Br, 58.6; F 13.9%). nmr spectrum no. 15, 

mass spectrum no. 12, ir spectrum no 12. 

VI. 3. 3 Attempted decomposition and trapping of the lithio anion with furan 

A solution of the 4-lithio-2,6-dibromo-3,5-difluoropyridine was prepared at -78°C as 

above, furan (0.95 g in 5 ml ether) was added slowly at -78°C a!ld the solution was 

stirred and warmed to room temperature overnight. After work up of the reaction, the 

crude 19p NMR and GCMS showed that 2,6-dibromo-3,5-difluoropyridine was the 

major product. The experiment was repeated except that furan was added at -15°C, after 

work up the crude product consisted in a mixture of 2,6-dibromo-3,5-difluoropyridine 

and other non identifiable products of high molecular weight. 
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VI. 3. 4 Synthesis of 2,6-dibromo-3,5-difluoroisonicotinic acid (22) 

, A solution of the 4-lithio-2,6-dibromo-3,5-difluoropyridine was prepared at -78°C as 

above; the temperature was allowed to warm to -650C and carbon dioxide was bubbled 

into the solution. A white precipitate began to form; carbon dioxide was passed in the 

solution for 2 hours. A solution of sodium hydrogencarbonate was added and the 

ethereal layer was extracted into DCM. The aqueous layer was acidified and extracted 

with ether; combined etherallayers were dried over MgS04. The solution was filtered 

and the solvent evaporated to afford 2, 6-dibromo-3,5-difluoroisonicotinic (35%, 0.12 

g), m.p. 154-1560C (Found: C, 22.8; N, 4.1; H, 0.3. C6HBr2F20 2N requires C, 22.7; N, 

4.4; H, 0.3%). nmr spectrum no. 16, mass spectrum no. 13, ir spectrum no 13. 

VI. 3. 5 Synthesis of 2,6-dibromo-3,5-difluoro-4-trimethylsilylpyridine (23) 

A solution of the 4-lithio-2,6-dibromo-3,5-difluoropyridine was prepared at -78°C as 

above. Chlorotrimethylsilane (0.38 g, 3.5 mmol) was added and the mixture stirred for 1 

h 30 min, warmed to room temperature overnight and water was added (2 x 20 ml). The 

solution was extracted into DCM; dried over MgS04 and evaporated giving a brown 

liquid. Chromatography on silica gel with ethyl acetate-hexane (1: 1) as the eluent 

yielded 2, 6-dibromo-3, 5-difluoro-4-trimethylsilylpyridine (85%, 0.82 g), m.p. 86-88°C 

(Found: C, 27.8; H, 2.6; N, 3.4. C8H9 Br2F2NSi requires C, 27.8; H, 2.60; N, 4.05%). 

nmr spectrum no. 17, mass spectrum no. 14, ir spectrum no 14. 

VI. 3. 6 Attempted synthesis of 2,6-dibromo-3,5-difluoro-4-tributyltinpyridine (24) 

A solution of the 4-lithio-2,6-dibromo-3,5-difluoropyridine was prepared at -78°C as 

above; tributyltinchloride (2 ml, 7.36 mmol) was added; the solution turned to brown 

and was stirred for 2 hours and warmed to room temperature overnight. Water was then 

added (2x20 ml) and extracted into DCM; the extract was dried over MgS04 and 

evaporated giving a brown liquid, which showed to consist by GCMS in a 2, 6-dibromo-

3,5-difluoro-4-tributylpyridine (20%) and other products. The reaction was repeated as 

previously except that after stirring overnight, the mixture was filtered, potassium 

fluoride (KF) added, stirred for 1 hour and filtered again. GCMS showed the same 

results previously observed. 
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VI. 3. 7 Synthesis of 1,1-di(2,6-dibromo-3,5-difluoro-4-pyridyl)ethyl acetate (27) 

A solution of the 4-lithio-2,6-dibromo-3,5-difluoropyridine was prepared at -78°C as 

above. Acetyl chloride (0.22 g, 2.84 mmol) was then added and the solution maintained 

at -78°C for further 90 min; warmed to -150C for 45 min and to ooc for 1 hour and to 

room temperature overnight to form a white solution. Water was poured into the 

solution, which was extracted into DCM, dried over MgS04 to give a white solid. 

Chromatography on silica gel with DCM-hexane (1 :3) as the eluent afforded 1, 1-di(2, 6-

dibromo-3,5-difluoro-4-pyridyl)ethyl acetate (69%, 1.23 g) as a white solid, m.p. 158-

1600C (Found C, 27.0; H, 1.2; N, 4.2. C14H9Br4F4N20 2 requires C, 26.6; H, 1.42; N, 

4.4%). nmr spectrum no. 18, mass spectrum no. 15, ir spectrum no 15. 

VI. 3. 8 Synthesis of 2,6-dibromo-3,5-difluoro-4-pyridyl-phenylmeyhanone (28) 

A solution of the 4-lithio-2,6-dibromo-3,5-difluoropyridine was prepared at -78°C as 

above. Benzoyl chloride (0.61 g, 4.32 mmol) was then added and the solution 

maintained at -780C for further 90 min; warmed to -150C for 45 min, to ooc for 1 hour 

and to room temperature overnight to form a white solution. Water was poured into the 

solution and extracted into DCM. The organic phase was dried over MgS04. 

Chromatography on silica gel with DCM-hexane (1: 4) as the eluent afforded 2, 6-

dibromo-3,5-difluoro-4-pyridyl-phenylmeyhanone (57%, 0.61 g) as a white solid. m.p. 

130-132°C (from hexane) (Found: C, 38.2; N, 3.6; H, 1.4. C12H5NOF2Br2 requires C, 

38.2; N, 3.7; H, 1.3%). nmr spectrum no. 19, mass spectrum no. 16, ir spectrum no 16. 

VI. 3. 9 Synthesis of bis (2,3,5,6-tetrafluoro( 4-pyridyl))phenylmethyl benzoate (29) 

In a dry three neck flask was dissolved under nitrogen 2,3,5,6-tetrafluoropyridine (1 g, 

6.62 mmol) in dry ether (15 ml); the solution was cooled at -78°C, butyllithium in 1.6M 

hexanes (5.17 ml, 8.28 mmol) was then added and the solution was stirred under 

nitrogen for 1 hour. The solution turned from white to yellow indicating the formation 

of the lithio derivates. Benzoyl chloride (1.15 ml, 9.93 mmol) was added and the 

solution maintained at -780C for further 30 min; warmed to room temperature overnight 

to form a white solution. Water was added (15 ml) to the mixture; the solution extracted 

into DCM and dried over MgS04. Recrystallisation in acetonitrile-petrol ether and 

sublimation afforded his (2, 3, 5, 6-tetrafluoro(4-pyridyl))phenylmethyl benzoate (55%, 

1.75 g), m.p. 145-1470C (Found: C, 56.6; N, 5.6; H 2.0. C24H 10F8 N202 requires C, 

56.4; N, 5.5; H, 2.0%). nmr spectrum no. 20, mass spectrum no. 17, ir spectrum no 17. 
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VI. 3. 10 Synthesis of 2,6-dibromo-3,5-difluoro(4-pyridyl)-4-methylphenylketone 

(31) 

A solution of the 4-lithio-2,6-dibromo-3,5-difluoropyridine was prepared at -78°C as 

above. p-Toluyl chloride (0.66 g, 4.26 mmol) was then added and the solution 

maintained at -780C for further 90 min; warmed to -150C for 45 min and to ooc for 1 

hour and to room temperature overnight to form a white solution. Water was poured 

into the solution and extracted into DCM, dried over MgS04 to give a yellow solution. 

Crystals of 2, 6-dibromo-3, 5-difluoro(4-pyridyl)-4-methylphenylketone (77%, 0.85 g) 

crystallised out of solution, m.p. 145-146°C (Found: C, 39.9; H, 1.8; N, 3.6, 

C13H7 Br2F2NOrequires C, 39.9; H, 1.7; H, 4.0%). nmr spectrum no. 21, mass spectrum 

no. 18, ir spectrum no 18. 
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VI. 4 EXPERIMENTAL TO CHAPTER V 

VI. 4. 1 General procedure for the reaction of 2,4,6-tribromo-3, 5-difluoropyridine 

with phenylacetylenes 

All reactions were carried out under a nitrogen atmosphere; fresh triethylamine 

(Aldrich) was used as a solvent, unless otherwise stated. All reagents were 

commercially available and used without further purification. The reactions were 

carried out in three necked round bottom flasks previously dried overnight in the oven 

and flushed with nitrogen for 1 hour prior to reaction. 

2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 mmol) was added under nitrogen to a 

solution of triethylamine and stirred until dissolution. The appropriate palladium 

catalyst, Cui and the reactant were then added. The reaction was stirred at room 

temperature, and analysed periodically by 19F NMR analysis. The reaction was then 

filtered and water was added to the filtrate, which was extracted into DCM (3x30 ml). 

The organic extracts were dried (Mg2S04) and evaporated to give a crude product, 

which was purified by column chromatography on silica gel unless otherwise stated. 

V. 4. 1. a Synthesis of 2,4-dibromo-3, 5-difluoro-6-(phenylethynyl)pyridine (33) 

A mixture of 2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 mmol), phenylacetylene 

(0.5 g, 0.05 mmol), Pd(PPh3) 2Cb (2%, 40 mg) and Cui (1 %, 5.4 mg) in triethylamine 

(20 ml) was stirred at room temperature for 12 hours. Chromatography on silica gel 

with hexane as the eluent afforded 2, 4-dibromo-3, 5-difluoro-6-(phenylethynyl)pyridine 

(76%, 0.8 g) as a white solid, m.p. 156-158°C, (Found: C, 42.2; H, 1.3; N, 3.5. 

C13H5Br2F2N requires C, 41.8; H, 1.3; N, 3.8%). nmr spectrum no. 22, mass spectrum 

no. 19, ir spectrum no 19. 

VI. 4. 1. b Synthesis of 2,6-bis(2-phenylethynyl)-4-bromo-3, 5-difluoropyridine 

(34) 

A mixture of 2,4,6-tribromo-difluoropyridine (1 g, 2.84 mmol), phenylacetylene 2.0 g, 

20.0 mmol), Pd(PPh3) 2Cb (2%, 40 mg) and Cui(1 %, 5.4 mg) in triethylamine (20 ml) 

was stirred at room temperature for 12 hours. Chromatography on silica gel with 

hexane-DCM (1:1) as the eluent afforded 2,6-bis(2-phenylethynyl)-4-bromo-3,5-

difluoropyridine (82%, 0.87g) as a white solid, m.p. 186°C, (Found C, 64.1; H, 2.6; N, 

138 



3.6. C21HwBrF2N requires C, 64.0; H, 2.5; N, 3.4%). nmr spectrum no. 23, mass 

spectrum no. 20, ir spectrum no 20. 

VI. 4. 1. c Synthesis of 2,4-dibromo-3,5-difluoro-6-[2-( 4-

fluorophenyl)ethynyl]pyridine (35) 

A mixture of 2,4,6-tribromo-3,5-difluoropyridine (0.58 g, 1.66 mmol), 1-ethynyl-4-

fluorobenzene (0.24 g, 2 mmol), caesium carbonate as a base (2.32 mmol, 0. 75 g), was 

added Pd(PPh3)2Ch (2%, 23.1 mg) and Cui(l %, 3.2 mg) in dry toluene (20 ml) was 

heated at 60°C for 24 hours. Vacuum sublimation afforded 2, 4-dibromo-3, 5-difluoro-6-

[2-(4-.fluorophenyl)ethynyl]pyridine (87%, 0.56 g) as a white solid, m.p. 216-218°C, 

(Found: C, 39.66; H, 1.02; N, 3.54. C13H4Br2F3N requires C, 39.93; H, 1.31; N, 3.58%). 

nmr spectrum no. 24, mass spectrum no. 21, ir spectrum no 21 

V. 4. 1. d Synthesis of 4-bromo-3,5-difluoro-2-( 4-fluorophenyl)-6-[2-( 4-

fluorophenyl)ethynyl]pyridine (36) 

A mixture of 2,4,6-tribromo-difluoropyridine (0.18 g, 0.52 mmol), 1-ethynyl-4-

fluorobenzene (0.25 g, 2.08 mmol), caesium carbonate (0.24 g, 0. 73 mmol), 

Pd(PPh3)2Ch (2%, 7.3 mg) and Cui (1 %, 1 mg ) in dry toluene (20 ml) was heated at 

60°C for 24 hours. Chromatography on silica gel with DCM-Hexane(l :2) as the eluent 

afforded 4-bromo-3, 5 -difluoro-2 -( 4-.fluorophenyl)-6-[2 -( 4jluorophenyl)ethynyl]pyridine 

(58%, 0.63 g) as a white solid, m.p. 225-227°C, (Found: C, 58.4; H, 1.8 ; N, 3.2. 

C21 H8BrF4N requires C, 58.6; H, 1.8; N, 3.25). nmr spectrum no. 25, mass spectrum no. 

22, ir spectrum no 22. 

V. 4. 1. e Synthesis of 4-bromo-2,6-di[2-( 4-bromophenyl)-1-ethynyl]-3,5-

difluoropyridine (37) 

A mixture of 2,4,6-tribromo-difluoropyridine (1 g, 2.84 mmol), 1-ethynyl-4-

bromobenzene (0.5 g, 2.84 mmol), triethylamine (20ml), Pd(PPh3)2Ch (2%, 40 mg), 

Cui (1 %, 5.4 mg) was stirred at 1 00°C for 48 hours. Chromatography on silica gel with 

DCM-hexane (1 :3) afforded 4-bromo-2, 6-di[2-(4-bromophenyl)-1-ethynyl]-3,5-

difluoropyridine (56%,0.72 g) as a white solid, m.p. 270-272°C, (Found: C, 45.7; H, 

1.4; N, 2.5. C13H4Br3F2N requires C, 45.5; H, 1.4; N, 2.5%). nmr spectrum no. 26, mass 

spectrum no. 23, ir spectrum no 23. 
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VI. 4. 1. f Synthesis of 3,5-difluoro-2,4,6-tris[2-(4-bromophenyl)ethynyl]pyridine 

(38) 

A mixture of 2,4,6-tribromo-3,5-difluoropyridine (0.25 g, 0.7 mmol), 1-ethynyl-4-

bromobenzene (0.47 g, 2.84 mmol), triethylamine, Pd(PPh3)2Ch (2%, 9.7 mg) and Cui 

(1 %, 1.33 mg) was heated at 100°C for 17 hours. Chromatography on silica gel with 

DCM-hexane (1:4) and DCM as the eluents afforded 3,5-difluoro-2,4,6-tris[2-(4-

bromophenyl)ethynyl]pyridine (55%, 0.25 g) as a white solid, m.p. 173-174°C, (Found: 

648.8488. C29H12Br3F2N requires 648.8482). nmr spectrum no. 27, mass spectrum no. 

24, ir spectrum no 24. 

VI. 4. 1. g Synthesis of 2,6-bis[2-(4-chlorophenyl)ethynyl]-4-bromo-3,5-

difluoropyridine (39) 

2,4,6-tribromo-3,5-difluoropyridine (0.31 g, 0.88 mmol), 1-ethynyl-4-chlorobenzene 

(0.15 g, 1.10 mmol), Pd(PPh3)2Ch (2%, 12 mg) and Cui (1%, 1.67 mg) in triethylamine 

(20 ml) were reacted at 80°C for 10 hours. After work up, recrystallisation in DCM and 

sublimation 2, 6-bis[2-( 4-chlorophenyl)ethynyl]-4-bromo-3, 5-difluoropyridine ( 42.5%, 

0.17 g) was isolated as a white solid, m.p. > 250°C, (Found C, 54.5; H, 1.6; N; 3.00. 

C21H8BrF2ChN requires C, 54.4; H, 1.7; N, 3.0%). nmr spectrum no. 28, mass spectrum 

no. 25, ir spectrum no 25. 

Repeating the reaction using 2,4,6-tribromo-3,5-difluoropyridine (0.16 g, 0.46 mmol), 

1-ethynyl-4-chlorobenzene (0.25 g, 1.83 mmol), Pd(PPh3)2Ch (2%,6.4 mg) and Cui 

(1 %, 0.87 mg) in triethylamine (25 ml), the solution was stirred at room temperature for 

12 hours and after sublimation and column chromatography gave 2, 6-bis[2-(4-

chlorophenyl)ethynyl}-4-bromo-3,5-difluoropyridine again, as compared to a previously 

characterised sample. 

VI. 4. 1. h Synthesis of 2,6-bis[2-(2-chlorophenyl)ethynyl]-4-bromo-3,5-

difluoropyridine ( 40) 

A mixture of 2,4,6-tribromo-3,5-difluoropyridine (0.32 g, 0.915 mmol), 1-

ethynyl-2-chlorobenzene (0.5g. 3.66 mmol), Pd(PPh3)2Ch (2%, 12.7 mg) and Cui (1 o/o, 

1. 74 mg) in triethylamine was stirred at room temperature for 3 days. After 

recrystallisation ( dichloromethane ), afforded 2,6-bis[2-(2-chlorophenyl)ethynyl}-4-

bromo-3,5-difluoropyridine (37%, 0.15 g) as a white solid, m.p. 196.4-197.6 (from 

DCM), (Found: ¥ 462.918. C21HsBrChF2N requires¥ 462.916). nmr spectrum no. 

29, mass spectrum no. 26, ir spectrum no 26. 
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When the reaction was repeated using a equimolar ratio of starting material and 

substrate, (40) was obtained again, as a white solid, m.p. 145.2-145.8°C (from toluene). 

VI. 4. 1. i Synthesis of 2,4-dibromo-6-[2-(2-chlorophenyl)-1-ethynyl]-3,5-

difluoropyridine (41) 

A mixture of 2,4,6-tribromo-3,5-difluoropyridine (0.50 g, 1.42 mmol), 1-ethynyl-2-

chlorobenzene (0.11 g. 0.85 mmol), Pd(PPh3)2Ch (2%, 18.72 mg) and Cui (1 %, 2.55 

mg) in triethylamine was stirred at 90°C for 18 hours. Chromatography on silica gel 

with DCM-hexane (3: 1) as the eluent, sublimation and second column with DCM

hexane (1 :4) afforded 2,4-dibromo-6-[2-(2-chlorophenyl)-1-ethynyl]-3,5-

di.fluoropyridine (21%, 0.12 g) as a white solid, m.p. 179.1-181.6°C (Found: C, 38.5; H, 

1.2; N; 3.1. C13H4Br2ClF2N requires C, 38.3; H, 0.9; N, 3.4%). nmr spectrum no. 30, 

mass spectrum no. 27, ir spectrum no 27. 

VI. 4. 1. j Synthesis of 1-(2-{4-bromo-3, 5-difluoro-6- [2-( 4- H methoxyphenyl) 

ethynyl] (2-pyridyl)} ethynyl)-4-methoxybenzene ( 42) 

A mixture of 2,4,6-tribromo-3,5-difluoropyridine (0.83g, 2.36 mmol), 1-ethynyl-4-

methoxybenzene (0.39g, 2.95 mmol), Pd(PPh3)2Ch (2%, 32.8 mg) and Cui (1 %, 4.5 

mg) in triethylamine (20 ml) was stirred at room temperature for 48 hours. 

Chromatography on silica gel with DCM-hexane (1:3) as eluent and DCM-hexane (1:1) 

afforded 1-(2-{4-bromo-3, 5-di.fluoro-6- [2-(4- H methoxyphenyl) ethynyl}(2-pyridyl)) 

ethynyl)-4-methoxybenzene ( 42%, 0.44 g) as a white solid, m.p. 198-200°C, (Found: C, 

60.5; H, 2.8; N, 3.1. C23H14BrF2N02 requires C, 60.8; H, 3.10; N, 3.08%). nmr 

spectrum no. 31, mass spectrum no. 28, ir spectrum no 28. 

VI. 4. 1. k Synthesis of 4-[4,6-bis (3,3-dimethyl-3-silabut-1-ynyl)-3,5-difluoro (2-

pyridyl) ]-2,2-dimethyl-2-silabut-3-yne ( 43) 

A mixture of 2,4,6-tribromo-3,5-difluoropyridine (1.0 g, 2.84 mmol), trimethysilyl 

acetylene (0.49ml, 3.55 mmol), Pd acetate (2%, 0.057 mmol, 13 mg), PPh3 (4%, 30.4 

mg) and Cui (1 %, 3.4 mg) in triethylamine (25 ml) was stirred at room temperature for 

48 hours. Chromatography on silica gel with DCM-hexane (1 :8), DCM-hexane (1 :4) as 

eluants afforded 4-[4, 6-bis (3,3-dimethyl-3-silabut-1-ynyl)-3,5-difluoro (2-pyridyl)}-2,2-

dimethyl-2-silabut-3-yne (29%, 0.49 g) as a white solid, m.p. 96.3-96.8°C, (Found 

[M+Ht, 404.14. C21H211F2N requires M+, 403.20). nmr spectrum no. 32, mass 

spectrum no. 29, ir spectrum no 29. 
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When the reaction was carried out with an excess of trimethylsilylacetylene, the same 

results were obtained. 

VI. 4. 1. I Synthesis of 3,5-difluoro-2,4,6-tris(2-phenylethynyl)pyridine ( 45) 

A mixture of 2,4,6-tribromo-3,5-difluoropyridine (lg, 2.84 mmol), 4-

trimethylsilylphenylacetylene (3.46, 19.88 mmol), Pd(PPh3)2Ch (2%, 40 mg) and Cui 

(1 %, 5.4 mg) in triethylamine (20 ml) was heated at 1 00°C for 56 hours. 

Chromatography on silica gel with DCM-hexane (1 :3) as the eluent afforded 3,5-

difluoro-2, 4, 6-tris(2-phenylethynyl)pyridine ( 45), 2, 6-bis(2-phenylethynyl)-4-bromo-

3,5-difluoropyridine (34), and 2,4-dibromo-3,5-difluoro-6-(phenylethynyl)pyridine (33). 

3,5-difluoro-2,4,6-tris (2-phenylethynyl) pyridine) m.p. 156-159°C, (Found [Mt· 

416.1258. C29H1sF2N requires 416.1251). nmr spectrum no. 33, mass spectrum no. 30, 

ir spectrum no 3 0. 

VI. 4. 1. m Control experiment with phenylacetylene in the presence of air 

To a solution of phenylacetylene (2.55 g, 0.025 mmol) in triethylamine was added Cui 

(4.71 g, 0.025 mmol) and stirred at 80°C for 15 hours. The solution was exposed to air 

for 2 min, the solution turned yellow, and a solid precipitated that was filtered. GCMS 

analysis and comparison with literature data confirmed that confirmed that 1, 4-dipheny-

1,3-butadiyne (A), nmr spectrum no. 44, was formed. 

VI. 4. 2 General procedure for the reaction of 2,4,6-tribromo-3, 5-difluoropyridine 

with boronic acids 

2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 mmol) was dissolved in monoglyme (5 

ml) under a nitrogen atmosphere, then tetrakis triphenylphosphine palladium Pd (PPh3) 4 

was added (6%), the boronic acid (1.25 or 3 equiv), and finally barium hydroxide (2 

equi) dissolved in water. The solution turned to a solid that dissolved upon heating to 

93-94°C. After completion of the reaction monitored by 19F NMR, the crude mixture 

was filtered on a celite pad, the filtrate recovered, and the celite thoroughly washed with 

dichloromethane. To the mixture was added water, and the products were extracted in 

DCM (3x30 ml), dried over Mg2S04 and the solvent evaporated. The products were 

separated using column chromatography on silica gel; further sublimation, 

recrystallisation, or second columns were performed when necessary. 
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VI. 4. 2. a Synthesis of 3,5-difluoro {2,4,6-triphenyl)pyridine ( 46) 

To a solution of 2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 mmol) in monoglyme 

was added benzeneboronic acid (3 equiv, 8.52 mmol, 1.04 g), Ba(OH)2 (2 equi, 17.1 

mmol, 2.82 g) in water, and the Pd catalyst (6%, 119.7mg) and the mixture was heated 

for 48 hours. Chromatography on silica gel with DCM-hexane (1:1) as the eluent 

afforded 3,5-difluoro (2,4,6-triphenyl)pyridine (0.42 g, 43%) as a white solid, m.p. 135-

1370C, (Found 343.117393. C23H15F2N requires 343.117256). nmr spectrum no. 34, 

mass spectrum no. 31, ir spectrum no 31. 

VI. 4. 2. b Synthesis of 2,6-bis( 4-methylphenyl)-4-bromo-3,5-difluoropyridine ( 4 7) 

To a solution of 2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 mmol) in monoglyme 

was added p-tolylboronic acid (1.25 equiv, 0.48 g, 3.55 mmol), Ba(OH)2 (2 equiv, 7.10 

mmol) in water, and the Pd catalyst (6%, 197 mg), and the mixture was heated for 24 

hours. Chromatography on silica gel with hexane-DCM (3: 1) as the eluent afforded 2, 6-

bis(4-methylphenyl)-4-bromo-3,5-difluoropyridine (32%, 0.35 g) as a white solid, m.p. 

150-151.2°C (from chloroform), (Found C, 59.8; H, 3.8; N, 3.7. C19H14BrF2N requires 

C, 60.9; H, 3.7; N, 3.7%). nmr spectrum no. 35, mass spectrum no. 32, ir spectrum no 

32. 

VI. 4. 2. c Synthesis of 3,5-difluoro-2,4,6-tris ( 4-methylphenyl)pyridine ( 48) 

To a solution of 2,4,6-tribromo-3,5-difluoropyridine (0.3 g, 0.855 mmol) in monoglyme 

was added (b) (0.34 g, 256 mmol), Ba(OH)2 (2 equiv, 0.36 g) in water, and the Pd 

catalyst (6%, 59.3 mg) and the mixture heated for 18 hours. Chromatography on silica 

gel with hexane-DCM (2: 1) as the eluent afforded 3,5-difluoro-2,4,6-tris(4-

methylphenyl)pyridine (52%, 0.17 g), as a white solid, m.p. 152-154°C, (Found C, 80.7; 

H, 5.5; N,3.6. for C26H21F2N requires C, 81.0 ; H, 5.5; N, 3.6%). nmr spectrum no. 36, 

mass spectrum no. 3 3, ir spectrum no 3 3. 

VI. 4. 2. d Synthesis of 4-bromo-5-fluoro-2,6-di(3-nitrophenyl)-3-pyridinol ( 49) 

To a solution of 2,4,6-tribromo-3,5-difluoropyridine (0.8 g, 2.28 mmol) in monoglyme 

was added 3-nitrobenzeneboronic acid (1.25 equi, 2.85 mmol, 0.48 g), Ba(OH)2 (2 equi, 

4.56 mmol, 0. 76 g) in water, and the Pd catalyst (6%, 158.5 mg). After heating for 48 

hours, the mixture was worked up and chromatography on silica gel with pet-ether-ethyl 

acetate (1: 1) as the eluent followed by a second column on hexane afforded 4-bromo-5-

jluoro-2,6-di(3-nitrophenyl)-3-pyridinol (54%, 0.53 g) as a white solid, m.p. 145.1-

143 



145.8°C, (Found: [M+H] 432.9708, C17H9BrFN305 requires 432.9709). rum spectrum 

no. 37, mass spectrum no. 34, ir spectrum no 34. 

VI. 4. 2.e Synthesis of 4,6-bis( 4-methylphenyl)-2-bromo-3,5-difluoropyridine (50) 

To a solution of 2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 mmol) in monoglyme 

was added 4-trifluoromethoxybenzeneboronic acid (0.8 equi, 2.27 mmol, 0.47 g), 

Ba(OH)2 (2 equi, 4.54 mmol, 1.19 g) in water, and the Pd catalyst (6%, 155 mg) and the 

mixture heated for 21 hours. Chromatography on silica gel with hexane as the eluent 

afforded 4, 6-bis(4-methylphenyl)-2-bromo-3, 5-difluoropyridine (22%, 0.32 g) as a 

white solid, b.p. > 300°C (Found: [M+H] 513.9689, C19H8F80 2Br [M+H] requires 

513.9693). nmr spectrum no. 38, mass spectrum no. 35, ir spectrum no 35. 

VI. 4. 2. f Synthesis of 3,5-difluoro-2,4,6-tris( 4-trifluoromethoxyphenyl)pyridine 

(51) 

To a solution of 2,4,6-tribromo-3,5-difluoropyridine (0.15 g, 0.43 mmol) in monoglyme 

was added 4-trifluoromethoxybenzeneboronic acid (3 equi, 1.31mmol, 0.27 g), Ba(OH)2 

(2 equi, 0.86 mmol, 0.144 g) in water, and the Pd catalyst (6%, 30.14 mg) and the 

mxiture heated for 12 hours. Chromatography on silica gel with ethyl acetate-pet ether 

40-60°C (1: 1 0) as the eluent afforded 3, 5-difluoro-2, 4, 6-tris(4-

trifluoromethoxyphenyl)pyridine (80%, 0.21 g) as a orange thick oil, b.p. 209-211 °C , 

(Found: C, 52.2; H, 2.2; N, 2.1. C26H12F11N03 requires C, 52.5; H, 2.0; N, 2.3%). nmr 

spectrum no. 39, mass spectrum no. 36, ir spectrum no 36. 

VI. 4. 2. g Reaction with 4-methoxybenzeneboronic acid 

To a solution of 2,4,6-tribromo-3,5-difluoropyridine (0.18 g, 0.52 mmol) in monoglyme 

was added 4-methoxybenzeneboronic acid (1.56 mmol, 0.24 g), Ba(OH)2 (2 equi, 0.17 

g, 104 mmol) in water, and the Pd catalyst (6%, 35.5 mg), the mixture was heated for 3 

hours. Recrystallisation from DCM followed by chromatography on silica gel with 

DCM-hexane (2: 1) as the eluent afforded 1-methoxy-4-( 4-methoxyphenyl)benzene, rum 

no. 4 7, which was identified by comparison with the literature. 
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VI. 4. 3 Palladium catalysed and non-catalysed reactions of 2,4,6-tribromo-3,5-

difluoropyridine with oxygen and nitrogen nucleophiles: 

VI. 4. 3. a Palladium catalysed reactions of 2,4,6-tribromo-3,5-difluoropyridine 

with butylamine 

To a solution of 2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 mmol) in toluene was 

added butylamine (1.25 equi, 3.40 mmol, 0.25 g, 0.34 ml), Pd(dba)2 (2%, 0.056 mmol, 

51 mg), DPPF ( 4%, 0.2056 mmol, 60 mg) and Cs2C03 ( 4 mmol, 1.3 g) under an 

atmosphere of nitrogen, and the mixture was heated for 36 hours. The crude mixture 

consisted in N3-butyl-2, 4, 6-tribromo-5-jluoro-3-pyridinamine (54) and a mixture of N4-

butyl-2, 6-dibromo-3, 5-difluoro-4-pyridinamine and N2 -butyl-4, 6-dibromo-3, 5-difluoro-

2-pyridinamine (53). mass spectrum no. 37. No separation of the isomers was 

attempted. 

VI. 4. 3. b Non-catalysed reactions of 2,4,6-tribromo-3,5-difluoropyridine with 

butylamine (54) 

In a round bottomed flask containing 2,4,6-tribromo-3,5-difluoropyridine (lg, 2.84 

mmol) in dry toluene was added butyl amine (1.2 equiv., 3.4 mmol, 0., 0.25 g, 34 ml) 

and heated at 96°C _for 14 hrs, the reaction was cooled. Water was added, and the 

solution was extracted with DCM, dried over MgS04 and the solvent evaporated. 

Chromatography on silica gel with DCM-hexane (1 :3) as the eluent afforded butyl 

(2, 4, 6-tribromo-5-.fluoro-3-pyridyl) amine ( 48%, 0.55 g) as thick brown oil, m.p. 236-

2380C (Found: C 27.0, H 2.6, N 6.9. C9H10Br3FN2 requires C, 26.8; H, 2.5; N, 7.2%). 

nmr spectrum no. 40, ir spectrum no 37. 

VI. 4. 3. c Palladium catalysed reactions of 2,4,6-tribromo-3,5-difluoropyridine 

with sodium methoxide (55) 

In a round bottomed flask containing 2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 

mmol) in toluene-THF(l :9) was added sodium methoxide (2.0 equi, 5.68 mmol, 0.30 g), 

Pd(dba) (5%, 80 mg, 0.14 mmol), DPPF (5%, 130 mg, 0.16 mmol), Cs2C03 (4 mmol, 

1.3 g) and benzyldimethyltetradecylammonium chloride dihydrate under an atmosphere 

of nitrogen, and the solution was heated at 80°C for 60 hours. The reaction was cooled; 

water was added, and the solution extracted with DCM, washed with saturated brine, 

extracted again and dried over MgS04 and the solvent evaporated. Chromatography on 

silica gel with DCM-hexane (1:1) as the eluent afforded 2,6-dibromo-3-.fluoro-5-
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methoxypyridine (0.46g, 48%) as a white solid, m.p. 101-102.5°C (Found: C 25.5, H 

1.4, N 4.7. C6H4Br2FNO requires C, 25.2; H, 1.4; N, 4.9. nmr no 41, mass spectrum no. 

38, ir spectrum no 38. 

VI. 4. 3. d Non-catalysed reactions of 2,4,6-tribromo-3,5-difluoropyridine with 

sodium methoxide (58) 

In a round bottomed flask containing 2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 

mmol) in toluene was added sodium methoxide (1.2 equi, 3.55 mmol, 0.24 g) and the 

mixture was stirred at room temperature for 55 hours. Toluene was evaporated water 

added and the mixture was extracted into DCM, then dried over MgS04 and evaporated 

to dryness. Chromatography on silica gel column with DCM-hexane (1 :3) as the eluent 

afforded 2, 4, 6-tribromo-3-.fluoro-5-methoxypyridine ( 48%, 0.46 g), which was 

identified by comparison with analytically pure samples of (7), nmr no 7. 
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VI. 4. 4 Zinc-mediated reactions of 2,4,6-tribromo-3,5-difluopyridine 

VI. 4. 4. 1 Preparation of the zinc derivative of 2,4,6-tribromo-3,5-difluopyridine 

(59) 

Under an atmosphere of dry nitrogen 2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 

mmol) was added to a solution of dry THF (15 ml) and cooled to -78°C; BuLi (1.6M 

hexanes) (1.2 equi, 3.41 mmol, 1.9 ml) was added over 15 min and stirred at -78°C for 

30 min, the solution turned red. A solution of ZnBr2 1M (2.5 equi, 7.1 mmol, 6.4 ml) 

was added over 1 0 min. The solution was maintained at low temperature for 1 hour and 

allowed to warm to room temperature and the solution became colourless. 19F NMR of 

the crude mixture showed the presence of (59). nmr spectrum no. 42, mass spectrum no. 

39. 

VI. 4. 4. 2 Synthesis of 2,6-dibromo-3,5-difluorophenylpyridine (60) 

To a solution of the zinc derivative of 2,4,6-tribromo-3,5-difluoropyridine (0.2 g) was 

added iodobenzene (0.6 equi, 0.42 mmol, 84 mg), Pd(dba)2 (4%, 0.0168 mmol, 15.4 

mg) and triphenylphosphine (16%, 0.0672, 17.6 mg). The mixture was heated to 50°C 

for 1 7 hrs, allowed to cool to room temperature, water was added and the mixture 

extracted in DCM (3x30 ml). The DCM solution was dried over MgS04 and 

evaporated. Chromatography on silica gel with DCM- hexane (1 :2) as the eluent 

afforded 2, 6-dibromo-3,5-di.fluorophenylpyridine (75%, 0.2 g) as a white solid, m.p. 

151.7-152.1°C. (Found C, 38.0; H, 1.4; N, 3.9. C11 H6Br2F2N requires C, 37.9; H, 1.4; N, 

4.1%). nmr spectrum no. 4 3, mass spectrum no. 40, ir spectrum no 3 9. 

VI. 4. 4. 3. Synthesis of 2,6-dibromo-4-( 4-iodophenyl)-3,5-difluoropyridine (61) 

To a solution of the zinc derivative of 2,4,6-tribromo-3,5-difluoropyridine (0.5 g) was 

added 1,4-diiodobenzene (0.6 equi, 0.84 mmol, 280 mg), Pd(dba)2 (4%, 0.0168 mmol, 

30.8 mg) and triphenylphosphine (16%, 0.0672, 35.2 mg). The mixture was stirred at 

room temperature for 23 hours, water added and the mixture was extracted in DCM 

(3x30 ml). The DCM solution was dried over MgS04 and evaporated. Chromatography 

on silica gel with DCM-hexane ( 4:1) as the eluent yielded 2, 6-dibromo-4-(4-

iodophenyl)-3,5-di.fluoropyridine (36%, 0.24 g) as a white solid, m.p.145-147°C (Found 

M+ 472.7721. C11F2Br2H5IN requires 472.7723). nmr spectrum no. 44, mass spectrum 

no. 41, ir spectrum no 40. 
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VI. 4. 4. 4 Synthesis of 2,6-dibromo-4-[4-2,6-dibromo -3,5-difluoro-4-

pyridyl)phenyl] 3,5-difluoropyridine (62) 

To a solution of the zinc derivative of 2,4,6-tribromo-3,5-difluoropyridine (1.5 g) was 

added 1 ,4-diiodobenzene (0.6 equi, 2.56 mmol, 850 mg), Pd( dba)2 ( 4%, 0.102 mmol, 

184 mg) and triphenylphosphine (16%, 0.41, 106.5 mg). The mixture was stirred at 

room temperature for 5 hours, water was added and the mixture was extracted in DCM 

(3x30 ml). The DCM solution was dried over MgS04 and evaporated. Chromatography 

on silica gel with DCM -hexane (1: 2) and then methanol as the eluents yielded 2, 6-

dibromo-4-[ 4-2, 6-dibromo-3, 5-difluoro-4-pyridyl)phenyl}-3, 5-difluoropyridine ( 45%, 

1.2 g) as a white solid, m.p. 286-287°C, (Found C, 29.8; H, 0.6; N, 4.3. C16H4Br4F4N2 

requires C, 30.1; H, 0.6; N, 4.5%). nmr spectrum no. 45, mass spectrum no. 42, ir 

spectrum no 41. 

(4-Phenylbuta-1,3,-diynyl)benzene: mass spectrum no 44, ir spectrum no 42 

Triphenylphosphine oxide (TPPO): nmr spectrum no 46, mass spectrum no 43. 
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methoxypyridine (0.46g, 48%) as a white solid, m.p. 101-102.5°C (Found: C 25.5, H 

1.4, N 4.7. C6H4Br2FNO requires C, 25.2; H, 1.4; N, 4.9. nmr no 41, mass spectrum no. 

38, ir spectrum no 38. 

VI. 4. 3. d Non-catalysed reactions of 2,4,6-tribromo-3,5-difluoropyridine with 

sodium methoxide (58) 

In a round bottomed flask containing 2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 

mmol) in toluene was added sodium methoxide (1.2 equi, 3.55 mmol, 0.24 g) and the 

mixture was stirred at room temperature for 55 hours. Toluene was evaporated water 

added and the mixture was extracted into DCM, then dried over MgS04 and evaporated 

to dryness. Chromatography on silica gel column with DCM-hexane (1:3) as the eluent 

afforded 2, 4, 6-tribromo-3-fluoro-5-methoxypyridine ( 48%, 0.46 g), which was 

identified by comparison with analytically pure samples of (7), nmr no 7. 

147 



VI. 4. 4 Zinc-mediated reactions of 2,4,6-tribromo-3,5-difluopyridine 

VI. 4. 4. 1 Preparation of the zinc derivative of 2,4,6-tribromo-3,5-difluopyridine 

(59) 

Under an atmosphere of dry nitrogen 2,4,6-tribromo-3,5-difluoropyridine (1 g, 2.84 

mmol) was added to a solution of dry THF (15 ml) and cooled to -78°C; BuLi (1.6M 

hexanes) (1.2 equi, 3.41 mmol, 1.9 ml) was added over 15 min and stirred at -78°C for 

30 min, the solution turned red. A solution of ZnBr2 1M (2.5 equi, 7.1 mmol, 6.4 ml) 

was added over 10 min. The solution was maintained at low temperature for 1 hour and 

allowed to warm to room temperature and the solution became colourless. 19F NMR of 

the crude mixture showed the presence of (59). nmr spectrum no. 42, mass spectrum no. 

39. 

VI. 4. 4. 2 Synthesis of 2,6-dibromo-3,5-difluorophenylpyridine (60) 

To a solution of the zinc derivative of 2,4,6-tribromo-3,5-difluoropyridine (0.2 g) was 

added iodobenzene (0.6 equi, 0.42 mmol, 84 mg), Pd(dba)2 (4%, 0.0168 mmol, 15.4 

mg) and triphenylphosphine (16%, 0.0672, 17.6 mg). The mixture was heated to 50°C 

for 1 7 hrs, allowed to cool to room temperature, water was added and the mixture 

extracted in DCM (3x30 ml). The DCM solution was dried over MgS04 and 

evaporated. Chromatography on silica gel with DCM- hexane (1 :2) as the eluent 

afforded 2,6-dibromo-3,5-di.fluorophenylpyridine (75%, 0.2 g) as a white solid, m.p. 

151.7-152.1°C. (Found C, 38.0; H, 1.4; N, 3.9. C11H6Br2F2N requires C, 37.9; H, 1.4; N, 

4.1 %). nmr spectrum no. 43, mass spectrum no. 40, ir spectrum no 39. 

VI. 4. 4. 3. Synthesis of 2,6-dibromo-4-(4-iodophenyl)-3,5-difluoropyridine (61) 

To a solution of the zinc derivative of 2,4,6-tribromo-3,5-difluoropyridine (0.5 g) was 

added 1,4-diiodobenzene (0.6 equi, 0.84 mmol, 280 mg), Pd(dba)2 (4%, 0.0168 mmol, 

30.8 mg) and triphenylphosphine (16%, 0.0672, 35.2 mg). The mixture was stirred at 

room temperature for 23 hours, water added and the mixture was extracted in DCM 

(3x30 ml). The DCM solution was dried over MgS04 and evaporated. Chromatography 

on silica gel with DCM-hexane ( 4:1) as the eluent yielded 2, 6-dibromo-4-(4-

iodophenyl)-3,5-di.fluoropyridine (36%, 0.24 g) as a white solid, m.p.145-147°C (Found 

M+ 472.7721. C11F2Br2H5IN requires 472.7723). nmr spectrum no. 44, mass spectrum 

no. 41, ir spectrum no 40. 
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VI. 4. 4. 4 Synthesis of 2,6-dibromo-4-[4-2,6-dibromo -3,5-difluoro-4-

pyridyl)phenyl] 3,5-difluoropyridine (62) 

To a solution of the zinc derivative of 2,4,6-tribromo-3,5-difluoropyridine (1.5 g) was 

added 1,4-diiodobenzene (0.6 equi, 2.56 mmol, 850 mg), Pd(dba)2 (4%, 0.102 mmol, 

184 mg) and triphenylphosphine (16%, 0.41, 106.5 mg). The mixture was stirred at 

room temperature for 5 hours, water was added and the mixture was extracted in DCM 

(3x30 ml). The DCM solution was dried over MgS04 and evaporated. Chromatography 

on silica gel with DCM-hexane (1: 2) and then methanol as the eluents yielded 2,6-

dibromo-4-[4-2, 6-dibromo-3, 5-di.fluoro-4-pyridyl)phenyl}-3, 5-di.fluoropyridine ( 45%, 

1.2 g) as a white solid, m.p. 286-287°C, (Found C, 29.8; H, 0.6; N, 4.3. C16H4Br4F4N2 
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Spectrum no 1 

Br 

FnF ,~b 
,...:; 

Br N a Br 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 
---[9-··-···-·----

F 

-103.7 s b 

13c 
122.5 4 lines showing X a 

partABX 

153.6 dd 1JcF 263.5, b 
3 JcF 11.5 

110.09 t 3 Jcp24.0 c 

Spectrum no 2 

Br FnF ,~b 

F N,.:;a F 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 
--·Tg-·--··-------

F 

-89.0 m a 

-134.7 m b 

13c 

114.4 tt 3JcF 7.04, 2JcF 41.5 c 

141.5 dm* 1JcF 260.7 b 

143.8 dm* 1JcF 247.6 a 

*)X part of an AA'BB'X 
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Spectrum no 3 

NH2 FnF l~b 
F N.--:a F 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

H 

4.9 bs c 

19p 

-94.2 s a 

-164.8 m b 

Be 
130.5 dm* 1JcF 246.9 b 

137.4 tt 2 2 3 JcF 1 .9, JcF 6.4 c 

143.6 dm* 1 JcF.232.50 a 

*)X part of an AA'BB'X 

Cl FnF l~b 
.--: 

Br N a Br 
Spectrum no 4 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-110.9 s b 

Be 
122.0 4 lines showing X a 

partABX 

101.4 t 2 JcF 28.5 c 
~--~·--·----

151.6 d JcF 266.5 b 

Appendix A A.2 



Spectrum no 5 

I FnF l~b 
~ 

Br N a Br 

Chemical shift Multiplicity Coupling Integral Assignment 

(ppm) constant 

(Hz) 

F 

-91.9 s b 

Be 
88.8 t 2 

JcF 25.5 c 

121.5 4 lines showing X a 

partABX 

156.8 d 1JcF 242.9 b 

Spectrum no 6 

I FnF l~b 
F N~a F 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-89.8 m a 

-123.1 m b 

Be 
88.8 tt 

2 3 JcF 25.5, JcF 2.3 c 

142.0 ddd 1 
JcF 241.0, 2JcF 35, 3 JcF 4.2 b 

143.7 dddd 1 JcF 281.6, 2JcF 35.5, 3 JcF a 

21.4, 4JcF 9.85 

Appendix A A.3 



Spectrum no 7 

Br f 

Fnc OCH3 
dj b 

.....::: 

Br e N a Br 

Chemical shift Multiplicity Coupling Integral Assignment 

(ppm) constant 

(Hz) 

F 

-103.6 s b or c 

IH 

3.96 f 

uc 

61.0 s f 

117.3 d 2 JcF 19.7 c 

122.4 d 2JcF 26.7 e 

130.1 d 3JcF 3.8 b 

151.9 s a 

153.1 d 1 
JcF260.5 d 

Appendix A A.4 



'Spectrum no 8 

Br g h 

FnOCH2CH3 
e I b 

.......:: 

Br f N a Br 

Chemical shift Multiplicity Coupling Integral Assignment 

(ppm) constant 

(Hz) 

F 

-104.1 s b 

IH 

1.4 t 3 h 

4.1 q 2 g 

13c 
15.0 s h 

70.6 s g 

117.3 d 2 JcF 21.2 c 

122.4 4 lines showing X f 

partABX 

130.7 d 3JcF 3.4 b 

151.9 s a 

153.1 d I Jcp260.5 e 

Appendix A A.5 



Spectrum no 9 

Br d e 

H3CH2COnOCH2CH3 
I b 

....--:: 

Br N a Br 

Chemical shift Multiplicity Coupling Integral Assignment 

(ppm) constants 

(Hz) 

H 

1.5 t 3JHH6.8 6 e 

4.1 q 3JHH 6.8 4 d 

13c 
30.8 s e 

70.2 s d 

125.6 s c 

130.2 s b 

151.6 s a 

Appendix A A.6 



Spectrum no 10 

Chemical shift 

Be 

(ppm) 

6.8 

7.1 

7.3 

115.0 

123.4 

126.8 

129.9 

132.3 

147.8 

155.5 

Appendix A 

0 Dg Br I On0d .& f 
I ~ b e 

/. 

Br N a Br 

Multiplicity Coupling Integral 

constants 

(Hz) 

d 3JHH 8.0 2 

t 3JHH7.4 1 

m 2 

s 

s 

s 

s 

s 

s 

s 

Assignment 
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g 

e 

c 

e 

g 

a 

f 

d 

b 

A.7 



Spectrum no 11 

Br FnF ,~b 
.....: e Oo N •olQr 

d I 0 g 

Chemical shift Multiplicity Coupling constants Integral Assignment 

(ppm) (Hz) 

F 

-139.3 s b 

IH 

7.0 bm 2 e 

7.1-7.2 bm 1 g 

7.3-7.5 bm 2 f 

Be 
112.3 t 21cF 26.1 c 

119.9 s g 

125.0 s e 

130.2 s f 

140.1 dd 1Jcp256.2, 3lcp36.5 b 

144.4 dm 21cF 168.2 a 

153.9 s d 

Appendix A A.8 



Spectrum no 12 

g 

fQ. e ~ 
d 

0 FnF I ":: b 

F N/-a F 

Chemical shift Multiplicity Coupling Integral Assignment 

(ppm) constants 

(Hz) 

F 

-89.1 s a 

-157.4 s b 

IH 

6.98 d 3JHH 8 2 e 

7.1 t 3JHH 7.2 1 g 

7.3 dd 3JHH8.3, 7.1 2 f 

Be 
116.6 s e 

125.1 s g 

130.0 s f 

136.3 dm* 1JcF 241.4 b 

144.4 dm* 1 JcF 216.2 a 

144.6 tt 2JcF 10.3, 3JcF 5.3 c 

155.0 s d 

*):as an X part AA'BB'X system. 

Appendix A A.9 



Spectrum no 13 

hQ g ~ 

f 
0 

FnF ct I ~ b I 

../.: g 

FeN aoDh' r· I ~ 
~ i' 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-89.1 s 1 e 

-153.1 s 1 b ord 

159.3 s 1 b ord 

IH 

6.9 d 3JHH 8.0 2 g or g' 

7.1 d 3JHH8.1 2 g or g' 

7.17 t 3 JHH 7.1 1 i or i' 

7.18 t 3JHH 7.2 1 i or i' 

7.31 dd 3JHH 8.4, 7.2 2 h orh' 

7.35 dd 3JHH8.3, 7.1 2 h orh' 

Be 
116.7 s g' 

121.0 s g 

124.9 s i' 

125.7 s 

129.9 s h' 

130.0 s h 

134.6 dd 1JcF 259.5, 2Jcp 30.5 e 

138.0 dd 1JcF 262.0, 3Jcp 7.2 d 

143.4 td 2Jcp 10.8, 3Jcp 5.3 c 

144.8 ddd 1JcF 238.3, 3Jcp 13.5, 4Jcp b 

3.4 

Appendix A A.10 



144.9 

152.7 

156.1 

Spectrum no 14 

ddd 

s 

s 

Li 
F~F 
)L,T~ 

Br N Br 

a 

f 

f 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-87.7 s 

Spectrum no 15 

H FnF I b 
.;-::; 

Br N a Br 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

1p 

-109.1 d 3JHF 6.8 b 

IH 

7.31 t 3JHF 6.8 c 

13c 
122.7 4 lines showing X a 

partABX 

113.7 t 2JcF 23.8 c 

155.5 dd 1 JcF 265.5, 3JcF 4.5. b 

Appendix A A.11 



Spectrum no 16 

Chemical shift Multiplicity 

(ppm) 
-····l9p--···-····--------··---·--·-·-·-· 

-110.6 s 

IH 

6.26 bs 

Be 
106.4 t 

123.4 4 lines showing X 

part of ABX 

152.6 d 

159.1 s 

Spectrum no 17 

Chemical shift Multiplicity 

(ppm) 

F 

-99.7 s 

0.36 s 

0.66 s 

Appendix A 

d 

COOH FnF I b 
/. 

Br N a Br 

Coupling constant 

(Hz) 

2 JcF 24.2 

I 
JcF 270.4 

d 

Si(CH3)3 Fnc F 
I b 

/. 

Br N a Br 

Integral Assignment 

b 

d 

c 

a 

b 

d 

Coupling constant Integral Assignment 

(Hz) 

b 

d 

d 

A.12 



122.4 

127.4 

159.5 

Spectrum no 18 

Chemical shift 

(ppm) 

F 

-108.1 

IH 

2.2 

2.3 

13c 
21.4 

26.9 

78.1 

124.3 

128.5 

153.1 

168.5 

Appendix A 

t 

4 lines showing X 

part ABX 

d 

Multiplicity 

s 

s 

s 

s 

s 

s 

4 lines showing X 

part of ABX 

m 

d 

s 

lcF 32.7 c 

a 

I 
lcF 257.0 b 

g 

H3CX'0 
Br f Br 

- codf" 
N~ F0 F N 

b CH3 
Br a e Br 

Coupling constant Integral Assignment 

(Hz) 

b 

g 

e 

g 

e 

d 

a 

c 

I 
lcF 267 b 

f 

A.13 



Spectrum no 19 

g h 

Br 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-112.2. s b 

IH 

7.54-7.57 m 2 f 

7.6 t 3
JHH 7 1 h 

7.71-7.74 m 2 g 

13c 

123.3 4 lines showing X a 

partABX 

126.2 t 2 lcF c 

129.5 s g 

131.3 s h 

134.6 s f 

135.6 s e 

152.1 d 1
JcF 264.7 b 

184.5 s d 

Appendix A A.14 



Spectrum no 20 

h 

i~ I ~ f

0 

0 

~ N N 
-

a bok 
h-J 

m 
Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-89.7 m a 

-136.9 m b 

1H 

7.4-7.6 m All rest 

hydrogens 

8.00-8.02 m 2 g 

Be 
124.6 s h 

125.2 s m 

128.2 s cor J 

128.8 m cor J 

129.1 s 

129.6 s g 

130.04 s f 

130.1 s k 

131.8 

132.02 m J 

134.6 s 

139.5 dm 1 JcF 225.0 a 

144.5 dm 1 JcF 227.1 b 

165.1 s e 

Appendix A A.15 



Spectrum no 21 

CH3 
h 

F F 

Br 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-112.3 s b 

lH 

1.4 s 

7.3 d 3 
JHH 8.4 2 f 

7.6 d 3JHH 8.0 2 g 

13c 
22.0 s 

123.3 4 lines showing X a 

partABX 

126.5 t 2 
JcF 29.2 c 

129.9 s g 

130.0 f 

132.3 s e 

147.2 s h 

153.0 dd 1 3 
JcF 258.0, JcF 1.9 b 

184.0 s d 

Appendix A A.16 



Spectrum no 22 

j 

k 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-108.1 s b 

IH 

7.30-7.36 m 2 

7.55-7.57 m 3 j, k 

13c 
81.0 4 lines showing X g 

part of ABX 

96.3 t 3JcF 3.8 f 

121.0 s 2JcF 22.7 c 

123.6 dd 2
JcF 25.1, 4JcF 3.8 a 

128.5 s J 

129.8 s k 

132.2 s 

153.1 d 1JcF 265.9 b ord 

157.2 d 1
JcF 267 b ord 

Appendix A A.17 



Spectrum no 23 

h 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 
-r9p--

-108.1 s b 

IH 

7.30-7.36 m 3 g,h 

7.55-7.57 m 2 

uc 

81.0 4 lines showing X e 

part of ABX 

96.3 t 3JcF 3.8 d 

108.4 t 2 JcF 22.7 c 

121.0 s f 

128.5 s h 

128.9 4 lines showing X a 

part of ABX 

129.7 s 

132.2 s g 

156.8 d 1 
JcF 269 b 

Appendix A A.18 



Spectrum no 24 

e 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-108.1 s b ord 

-100.9 s 

-110.4 s b ord 

IH 

7.58-7.61 m 2 g 

7.08-7.11 m 2 h 

13c 

80.3 4 lines showing X d 

part of ABX 

94.5 t 3
JcF 3.4 e 

109.5 t 2 
JcF 23.3 c 

115.8 d 2JcF 22.1 f 

123.9 dd 4JcF 3.4, 2JcF 24.1 h 

128.6 4 lines showing X a 

part of ABX 

134.3 d 3 JcF 8.34 g 

153.4 d 1JcF 265.5 b orb' 

157.4 d 1JcF 266.3 b orb' 

164.7 d I JcF 252 

Appendix A A.19 



Spectrum no 25 

F 

Chemical shift Multiplicity 

(ppm) 
...... r~r-................ -·--·---·-·-.. ·-----··--

F 

-108.08 

-108.4 

lH 

7.36 

7.50 

uc 

80.7 

95.2 

108.7 

116.1 

117.4 

128.8 

134.3 

156.5 

163.3 

Spectrum no 26 
Appendix A 

s 

m 

m 

m 

4 lines showing X 

part of ABX 

t 

t 

s 

s 

4 lines showing X 

part of ABX 

s 

d 

s 

Coupling constant Integral Assignment 

(Hz) 

b 

2 g 

2 h 

e 

3 
JcF 3.8 d 

2 lcF 22.9 c 

h 

f 

a 

g 
1JcF 268.9 
1JcF 251.4 b 

A.20 



Chemical shift 

(ppm) 

F 

-107.5 

IH 

7.18-7.23 

Be 
80.9 

94.1 

108.8 

119.1 

123.5 

128.9 

132.1 

133.8 

155.9 

Spectrum no 27 

Appendix A 

Br 

~h 
~Br 

Multiplicity Coupling constant Integral Assignment 

(Hz) 

s b 

m 4 g,h 

4 lines showing X e 

part of ABX 

s d 

s c 

s f 

s 

4 lines showing X a 

part of ABX 

s g 

s h 

d 1JcF 269.4 b 

A.21 



Br 

Br a: 
1 Br 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-110.84 s b 

IH 

7.22 m All 

hydrogens 

De 
82.5 4 lines showing X e 

part of ABX 

94.9 4 lines showing X e' 

part of ABX 

104.0 m d 

105.6 m d' 

110.0 m c 

120.2 s 

120.6 s i' 

124.5 s f 

125.1 s f 

129.1 4 lines showing X a 

part of ABX 

132.1 s g 

132.2 s g' 

133.7 s h 

133.9 s h' 

Appendix A A.22 



158.4 

Spectrum no 28 

Chemical shift 

(ppm) 
··-··l9p 

-107.6 

IH 

7.37 

7.54 

Be 
81.7 

95.1 

108.5 

119.7 

128.6 

128.9 

133.4 

136.0 

157.0 

Spectrum no 29 
Appendix A 

d 

Cl D 
Multiplicity 

s 

dt 

dt 

4 lines showing X 

partABX 

t 

t 

s 

4 lines showing X 

part ABX 

s 

s 

s 

d 

b 

Br 
c b p 

'-':: 

I .....:: a 

~ N d~ 
e 

Coupling constant Integral Assignment 

(Hz) 

b 

3
JHH 8.4, 3

JHH 1.6 2 g 
3
JHH 8, 3

JHH 1.6 2 h 

d 

3
JcF 3.8 e 

2
JcF 22.5 c 

f 

a 

h 

g 

1
JcF 269 b 

A.23 



Cl 

6 
j 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-106.7 s b 

IH 

7.28 dt 3
JHH 7.6, 3

JHH 1.2 1 

7.35 dt 3
JHH 7.6, 3JHH 1.6 1 k 

7.40 d 3 1 JHH 7.6 J 

7.60 dd 3 
JHH 7.6, 3 

JHH 1.6 1 h 

13c 
85.7 4 lines showing X d 

part ABX 

93.0 t 3
JcF 3.8 e 

108.8 m c 

121.7 s f 

126.6 s J 

126.8 s 

129.0 4 lines showing X a 

part ABX 

129.7 s h 

131.1 s k 

134.2 g 

157.7 d 1
JcF 270.4 b 

Appendix A A.24 



Spectrum no 30 

Br 

j 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-109.4 s b 

IH 

7.21-7.26 m 1 

7.29-7.33 m k 

7.37-7.42 m 1 J 

7.55-7.58 m 1 h 

Be 
85.7 4 lines showing X d 

partABX 

93.0 t 3 JcF 3.8 e 

108.8 m c 

121.7 s f 

126.6 s J 

126.8 s 

129.0 4 lines showing X a 

part ABX 

129.7 s h 

131.1 s k 

134.2 g 

157.7 d 1JcF 270.4 b 

Appendix A A.25 



Spectrum no 31 

Chemical shift Multiplicity 

(ppm) 

F 

-109.3 s 

lH 

3.86 

7.21 sd 

7.54 d 

Be 
55.2 s 

80.3 4 lines showing X 

part ABX 

96.6 t 

108.5 t 

113.5 s 

114.1 s 

129.4 4 lines showing X 

partABX 

134.0 s 

156.5 d 

160.6 s 

Appendix A 

f g 

e 0 h j 

~ 1 OCH3 

Coupling constant Integral 

(Hz) 

1 
JHH 8.37 1 

1
JHH 8.37 1 

3
JcF 3.5 

2 
JcF 23.1 

1JcF 267.8 

Assignment 

b 

J 

g 

h 

J 

e 

d 

c 

f 

g 

a 

g 

b 

A.26 



Spectrum no 32 

Chemical shift Multiplicity 

(ppm) 

F 

-107.5 s 

IH 

0.26 s 

uc 

0.54 s 

95.4 4 lines showing X 

partABX 

103.5 t 

108.5 t 

128.4 4lines showing X 

partABX 

157.3 d 

Appendix A 

c b p 
~ 

I _...:: a 

N d~ 
e 

Coupling constant 

(Hz) 

31cF 3.8 
21cF 22.4 

1JcF 269.3 

Integral Assignment 

b 

f 

f 

e 

d 

c 

a 

b 

A.27 



Spectrum no 33 

Chemical shift Multiplicity 

(ppm) 
·-·-r9f----------------·-·--

-111.45 s 

IH 

7.30-7.40 m 

7.60-7.70 m 

13c 
81.6 

95.9 

104.8 

105.0 

110.7 m 

121.2 

121.8 s 

128.7 s 

128.8 s 

129.8 s 

130.4 s 

132.2 s 

132.4 s 

158.1 d 

Appendix A 

i' 

Coupling constant 

(Hz) 

1
JcF 273 

O
f g h 
~ 

. 
I 

Integral 

4 

2 

Assignment 

b 

g, h, g', h' 
.. , 
1, 1 

e 

e' 

d 

d' 

a 

f 

f 

i' 

h 

h' 

g 

g' 

b 

A.28 



Spectrum no 34 

g' 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

1p 

-126.4 s b 

IH 

2.1 m 4 g, g',f, f 

7.47-7.49 m 2 e' 

7.95-7.97 m 2 e 

13c 
127.6 m c 

128.4 s g 

128.5 s g' 

128.8 bs e' 

129.1 s f 

129.3 s f 

130.1 bs e 

135.4 m d 

139.3 m d' 

144.4 X part of an ABX a 

system 

152.8 d 1 JcF 226.8 b 

Appendix A A.29 



Spectrum no 35 

H3C 
h 

g CH3 
h 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-117.5 s b 

IH 

2.1 s h 

7.21-7.24 m 2 f 

7.80-7.830 m 2 e 

Be 
21.2 s h 

109.7 t 2JcF 23.2 c 

128.8 m e 

129.5 s f 

131.9 d 3Jcp 7.03 d 

139.8 s g 

141.9 X part of an ABX a 

system 

153.1 d 1 JcF 271.5 b 

Appendix A A.30 



Spectrum no 36 

h' 

H3C 
~ 

g CH3 
h 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-127.0 s b 

IH 

2.1 s h, h' 

7.30-7.49 m 4 f, f 

7.47-7.49 m 2 e' 

7.95-7.97 m 2 e 

13c 
21.3 s h 

21.4 s 2 Jcp 23.2 h' 

125.0 s e 

127.4 t 3JcF 23.4 c 

128.9 s f 

129.0 s f 

129.4 s g 

129.5 s g' 

130.2 t 4 
JcF 1.9 e' 

132.9 t 3JcF 3.4 d' 

139.1 d d 

141.7 X part of an ABX a 

system 

152.7 d 1JcF 264.7 b 

Appendix A A.31 



Spectrum no 37 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

ip 

-119.9 s b' 

IH 

7.726 t 3 JHH 8.0 1 h orh' 

7.720 t 3 JHH 8.0 h orh' 

8.33 d* 3 JHH 7.5 2 g and g' 

8.40 d 3 JHH7.5 1 e ore' 

8.48 d 3JHH 7.0 1 e ore' 

8.90 bs 1 i or i' 

9.02 bs 1 i or i' 

Be 
110.5 d 2 JcF 22.1 c 

123.6 s e' 

124.0 s e 

124.1 s g' 

124.4 s g 

129.9 s f 

134.3 s h' 

134.4 s h 

135.2 s 

136.1 s 3JcF 6.9 d' 

136.2 d 4JcF 2.3 i' 

137.7 s d 

139.3 d 3JcF 5.0 b 
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148.4 

148.8 

157.7 

d 

d 

d 

*: the two doublets superpose. 

Spectrum no 38 

Chemical shift Multiplicity 

(ppm) 

F 

-58.1 s 

-115.5 s 

IH 

7.3 bd 

8.03 bd 

13c 
110.0 m 

120.3 q 

120.8 bs 

121.6 s 

130.3 m 

132.6 

140.5 X part of an ABX 

system 

150.1 bs 

153.5 d 

Appendix A 

JcF 1.6 a 
2 
JcF 73.6 a' 

I 
JcF 261.5 b' 

Coupling constant Integral Assignment 

(Hz) 

h 

b 

3
JHH 8.2 2 f 
3
JHH 8 2 e 

c 
1JcF 257.8 g 

f 

e 

d 

a 

g 

1JcF 267.5 b 

A.33 



Spectrum no 39 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-58.8 s h 

-126.1 s b 

IH 

7.22-7.30 m 4 f 

7.32-7.35 m 2 f 

7.48-7.57 m 2 e' 

7.95-8.03 m 4 e 

Be 
120.7 bs f 

120.9 bs f 

121.5 q 1 Jcp 258.1 h 

126.2 t 2 Jcp 19.1 c 

130.3 m e 

130.7 t 3 JcF 3.4 d 

131.7 m e' 

134.2 m d' 

140.8 X part of an ABX a 

system 

149.3 bs g 

150.1 bs g' 

153.4 d 1JcF 270.5 b 

Appendix A A.34 



Spectrum no 40 

f g h . 
Br H2H2H2 I pnb N-C-C-CH -CH d ~ 2 3 

I /-
Br eN a Br 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 
19p 

-104.4 s b 

IH 

0.85 t 

1.32 sext 3
JHH 7.6 2 h 

1.48 quint 3
JHH 7.66 2 g 

3.36 t 3
JHH 7.2 2 f 

4.15 bs NH 

uc 

13.7 s 

21.4 s 21cF 23.2 

19.8 s h 

32.8 s g 

47.1 s f 

110.5 d 21cF 21.7 c 

115.5 d 21cF 27.7 e 

125.9 d 41cF 3.1 a 

143.5 X part of an ABX b 

system 

153.7 d 1 lcF 256.0 d 

Appendix A A.35 



Spectrum no 41 

Chemical shift Multiplicity 

(ppm) 

F 

-112.4 d 

IH 

3.86 s 

1.32 t 

13c 
57.0 s 

108.6 d 

116.7 d 

124.7 d 

153.7 s 

156.1 d 

Spectrum no 42 

H f 

d ~ 3 pnbacH 
I ~ 

Br eN a Br 

Coupling constant 

(Hz) 

3
JHF 4 

3
JHF 4 

2
JcF 24.4 

2 
JcF 26.1 
4 
JcF 3.0 

I JcF 261.0 

ZnBr 
F~F 
)l,T~ 

Br N Br 

Integral 

1 

Assignment 

d 

f 

c 

f 

c 

e 

a 

b 

d 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm} (Hz) 

F 

-93.0 s 
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Spectrum no 43 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-114.0 s b 

tH 

7.47-7.50 m 3 eandg 

7.50-7.53 m 2 f 

l3c 

123.7 X part of an ABX a 

system 

124.2 s e 

125.2 s g 

125.8 t 3 JcF28.6 c 

130.4 s f 

131.9 bs d 

152.6 d 1 JcF 261.5 b 
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Spectrum no 44 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

F 

-113.8 s b 

tH 

7.51-7.52 m 2 e 

7.87-7.89 m 2 f 

Be 
97.1 s g 

123.4 X part of an ABX a 

system 

125.2 s e 

125.5 t 2 
lcF 18.0 c 

131.3 t 3 
lcF 2.3 d 

138.1 s f 

152.3 d 1 
lcF 264.0 b 
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Spectrum no 45 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

1p 

-113.6 s b 

IH 

7.66 m 4 e, f 

Be 
123.8 X part of an ABX a 

system 

127.4 t 2 lcp 23.0 c 

128.3 s e,f 

130.6 s d 

152.7 d 1 Jcp 211.2 b 
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Spectrum no 46 

Chemical shift Multiplicity 

(ppm) 

······:rrp· -

28 s 

IH 

7.43-7.46 m 

7.50-7.53 m 

7.63-7.68 m 

13c 
127.4 d 

130.9 d 

131.0 d 

156.6. d 

Appendix A 

ob c 

If\ 
o=r~d 

0 
Coupling 

constants 

(Hz) 

3Jcp 11.9 
4Jcp2.9 
2Jcp 9.9 

1 Jcp 104.1 

Integral Assignment 

1 d 

2 c 

2 b 

c 

d 

b 

a 

A.40 



Spectrum no 47 

OCH3 

Chemical shift Multiplicity Coupling constant Integral Assignment 

(ppm) (Hz) 

H 

3.8 s a 

6.87-6.95 m 2 c,g 

7.61-8.10 m 2 d,f 

13c 
55.4 s a 

113.8 s e 

135.5 s d 

137.7 s c 

163.4 s b 
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1.: 2,4,6-tribromo-3,5-difluoropyridine (1) 

jFi l'~:ll13_t:·, ld·.~r1t: l2 __ Jtl-.2G Mer oer·o.JS 'Acq~ lJ~JUN~200l 12:"00:06" ~0:26 r~al:f>fk 12JUH01 
~~rrt"•/j!~:ec EI> l·:clqnet 13pi·I:3S1 Bpi:1455385 TIC:7720782 flags:H/\LL 

l
rlle Ie:-:t:lfad)ar 
1 00'/-, 3 1 

I 9') I 
')()I 
r.s 
nrl I 

'1() 

GS 

60_ 

55. 

50. 

t15 

l ') 

30 

25_ 

20 

l-12 

MS_USER:SPE_DEFAULT.LIS 
Li~ting of raw data for 

data file HB 12 
data identifier 

A:-: is display range 
Normalising intensity 
Data threshold 0.30% of 

ABS REL (%) 
MASS HEIGHT 

48.0602 0.57 
50.0675 0.39 
55.0654 2.80 
62.0803 6.95 
63.0904 0.32 
67.0845 1. 30 
69.0918 1. 11 
74.0972 2.80 
79.0264 3.38 
81.066:::: 6.64 
86.1047 10.80 
87.1166 0.50 
91.0400 1. 53 
93.1217 8.41 
94.1-406 0.49 
95.6036 0.32 

100.1437 0.69 
105.0750 0.57 
107.0801 0.41 

Appendix B 

2F2 

I 
I 

I 

------- ... ------

13-JUN-2001 12:01 
-

12 14-26 Mer Def 0.25 
X_MASS (40.00, 676.35) 

1.455J9E+06 
normalising intensity 

ABS REL (%) ABS REL (%) 

MASS HEIGHT MASS HEIGHT 

112.1598 23.90 160.1711 2.97 
113.1643 1. 40 162.1725 2.87 
115.0941 0.81 165.1725 3.05 
117.0972 1. 04 167.1745 3.00 
122.1039 2.78 172.1745 0.80 
123.1040 2.79 174.1954 0.68 
1~4.0911 2.83 ,, 174.7421 0.67 
1:;9.1310 0.46 175.7045 1. 82 
131.1331 0.37 176.6915 1. 70 
134.1197 0.97 177.6802 0.58 
135.1388 0. 76 191.2184 31.51 
136.1257 2.40 192.2233 1.88 
137.1102 0.80 193.2203 30.48 
141.1288 1. 2 9 194.2231 1.83 
143.1323 1. 26 213.2214 0.35 
146.1373 1.19 215.2253 0.67 
148.1413 1.28 217.2263 0.34 
153.1678 0.66 220.2357 0.50 
155.1745 0.66 222.2250 1. 01 

.1. SE6 

.1. t1 E6 

.1. J E6 

1.2E6 

_1.2E6 

.. 1. l E6 

1.0E6 

_9.5ES 

· 8. 7ES 

8.0ES 

7. J ES 

6.5ES 

_S.RES 

. 5. 1 ES 

4. t1 ES 

3.6ES 

2.9ES 

2.2ES 

l.SES 

7. 3E4 

O.OEO 
6 0 m/z 

ABS REL (%) 

MASS HEIGHT 

224.2416 0.53 
227.2307 0. 4 0 
246.2950 0.33 
270.2886 16.43 
271.2937 0.97 
272.2900 3-2 . 11 
273.3057 1. 78 
274.2913 15.52 
275.3193 1. 02 
349.3738 33.79 
351.3721 100.00 
352.2880 1. 29 
353.3691 99.03 
354.310~ 1. 82 
355.3435 32.99 
356.4407 1. 7 4 
367.4242 0.34 
369.3865 0.40 

,.-~·~: .. 

Bl 



2. 2,6,-dibromo-3,5-difluoro-4-chloropyridine (4) 

TRIO 1EJEJEJ GC-MS 
NaMe:Hadjar 
HB122 
100 

100 

%FS 

77 

Ion Mode: EI+ 

147 

Date: 29-Sep-19BEJ 

10982844 
TIC 

H1 

3 7 446464 

305 
'· 

309 
/ 

------------------------------------------------------------------

HB122 704 (11.734) 44/0~1) 

-------------------+------------------+------------------+-------------------. 

Mass Rel Int I Mass Rel Int I Mass Rel In: I Mass Re: lnt 
-------------------+------------------+------------------+--------------------

28 6.54 81 20.87 117 2.25 167 3. 3 3 

31 35.32 86 20.87 118 3. 23 169 2.06 

32 2.24 87 1. 18 121 4.07 171 2.51 

35 1.75 90 5.33 122 2.64 175 4.99 

36 4.59 91 3. 57 123 1. 79 178 3. 95 

38 5.62 93 23.85 124 2.37 191 7.11 

43 2.01 94 1.13 128 2.95 193 7.22 

44 1.43 97 13.59 134 1.10 226 49.08 

47 4.30 99 4.87 136 1. 58 227 1. 91 

48 2.67 100 7.68 141 1.45 228 63.30 

49 1.43 101 7.51 14 3 1. 22 229 3.04 

50 1.73 102 4. 3 6 147 95.41 230 16.06 

55 11.93 104 1.81 14 8 3.47 305 44.50 

57 1.22 105 1.59 14 9 34.40 307 100.00 

62 21.79 107 1.58 150 1. 99 308 4. 4 2 

67 4.07 109 2.51 152 2.35 309 7'J.54 

69 4.87 112 30.50 153 6.71 J:i.O 3. 3 7 

71 4.24 113 3.90 155 3.47 311 14.45 

74 9.29 114 3.28 160 4.42 

78 5.91 115 1.15 162 4.42 

79 10.44 116 11.75 165 3. 31 
-------------------+------------------+------------------+-------------------
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3. 2 ,6-dibromo-3,5 .-difluoro-4-iodopyridine (5) 

/"' i 1 e: iiL\~10•, [d.,.nt: JI)_J ~- 2_ Tr·i~t'-be f ·o. ~ S 1\cq: JO -AUG- /.00t) 15: S l: 3 7 • ij: S9 C1l: pj:~:_lSAUGOO-----·-·-
j'''.lto:_;po:>c EI• N.l(!net IJpr-!:399 8pl:2359638 TIC:12912481 Flags:HALL 

I
. f 1 I e T e :< t : I ! cl cl J ,J r 
100~ 3'9 

. I 
! •Jr.,! 

<1(1 i 
RS i 

I 
:-~ II I 

I') 

70 

6S 

60 

55_ 

so 
t\5 

·lO 

3 '..i 

3 0_ 112 

1'1S USEI\:SFE 

191 

DEFAULT.LIS 
Listing of raw data for 

data file HB_109 
data identifier 

Axis display range 
Normalising intensity 
Data threshold 0.30% of 

ABS REL (~) 

I'IASS HEIGHT 

48.0258 0.56 
50.0291 0.32 
55.0276 3.06 
5G.0637 0.68 
')7.0802 0.97 
6~.()335 9.48 
63.0835 1 . 11 
67.0313 1.62 
6~1. 0392 0. 75 
7·1. 0352 2.98 
75.0433 O.J8 
78.9624 2. 11 
'79.9634 0. 57 
81.0123 5.83 
82.0018 1. 07 
86.0358 17 . 14 
87.0395 0.91 
90.9681 1. 07 
93.0349 9.84 
94.0465 0.87 

100.0442 0.44 
105.0061 0.33 
112.0469 30.27 

Appendix B 

30-AUG-2000 15:55 
-

30_32-2_ 7 Mer DeE 0.25 
X_MASS (44.17, 939.11) 

2.35964E+IJ6 
normalis.i.ng intensity 

ABS REL (~) 

MASS HEIGHT 

113.0531 5.19 
114.0576 0. ]1 
114.9667 0.55 
116.9683 0.73 
121.9712 0.85 
123.%64 ~ : 0.82 
126.9618 11.88 
127.9619 0.75 
13 3. 965•1 -0. 52 
136.0496 0.82 
138.9605 0.52 
140.9746 0.88 
142.9745 0.90 
145.9799 1. 68 
146.9984 0.62 
147.9708 0.92 
152.9738 0.44 
154.9751 0.35 
157.9619 0.35 
159.9856 1. 94 
161.9765 1. 75 
162.9694 0. 49 
164.9758 3.88 

_2. 4 E6 

_2.2E6 

2. 1 E6 

_2.0E6 

1.9EIJ 

_1.8E6 

1.7E5 

· 1. 5E5 

_1.4E6 

1. 3E6 

.1. 2E6 

1.1E5 

. 9. 4 E5 

. 8. 3E5 

7.1E5 

5. 9E5 

4.7E5 

3.5E5 

2. 465 

1. 2E5 

O.OEO 
m/z 

ABS REL ( ~) ABS REL (%) 
MASS HEIGHT MJ\SS HEIGHT 

166.9747 3.88 272.9184 4. 34 
169.9666 1. 38 273.9178 1. 15 
171.9813 0.39 274.9170 2.16 
173.9793 0.36 317.9012 26.14 
181.9689 0.43 318.9069 2.28 
188.9713 0.31 319.8995 25.54 
190.9817 29.05 320.9052 2.30 
191.9864 3.09 350.8335 0.32 
192.9787 27.55 352.8340 0.32 
193.9817 3.53 396.8253 51.81 
198.4162 1.69 ~ L.L5.. 
199.4143 3. 34 398. 82~_§" -~ 

200.3664 1.85 399.8256 5.88 
200.9654 0.45 400.8176 49.71 
207.9651 0.53 401.8208 2.83 
212.9704 0. 54 444.8226 15.25 
222.2199 0.72 445.8275 0.94 
223.3726 0.49 446.8233 14. 3 5 
226.9070 0.34 447.8262 0.89 
238.9764 3.67 492.8105 0.66 
269.9193 0.94 
270.9206 2.21 
271.9162 1. 80 

B3 
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4. 2,3,5,6-tetranuoro-4-iodopyridine (6) 

TRI0- 1888 cc-ns 
H ~e: Had' )ar I on Mode : EJ • 01 - Sco-88 89:35 
[H0112FI 
tee ' e 51017~~0 

.~ 

l<FS 
3 9 

• Son 260 • • " • , ... 00 1400 GO I " 
, 

HU112fl 389 (6.484) 

teo 2 ' 
30{) 1{)99 

I & 

I 0 

us 31 )'" 
T 'j,s~ ,4 ot rt3' !;•• [pe 

0 
62 )'(I 93 

H/% e ~ 2ile 

--- -- - - - - ---- -- - - -.. - .. ... -- - - - - - - - - - - --- .. --.. ... - -- - - --- --- - - - - - - -- - --- . 
HB112Fl 389 (6. 484 ) 3 801-Cr ...... 
·--------- ----·--+ -- ----------------+-------- ------ ----+--------------- -- --
Mass Rel Int I Mass Rel Int I Mass Rel Int I Mass Rel Int 
--------------- -- +------------------+----- ------ -------+---- ----- ------ ----

28 2.10 67 1.36 101 4.15 150 72 . 84 
31 42.67 69 11.64 lOS 35.78 151 4.18 
32 1 .04 74 13.58 106 1.45 182 1.14 
36 1.72 81 8.41 112 1.09 201 1.22 
50 1.01 86 17.35 127 25.86 258 1 .25 
55 22.52 93 3.80 131 8.30 277 100.00 
62 3.93 100 87.50 138 5.71 278 7.00 

·--------- --------+----- -------------+--- ---------------+-- --------- ------- -
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5. 2,4,6-tribromo-5-fluoro-3-methoxypyridine (7) and (58) 

Nane:Hadjar 
HB9 
100 

%FS 

0 
Scn400 
HB9 65B 
100 31 

28 

" %FS 

~· 

0 
n/:z 

450 
( 1B. 834) 

81 

55 

50 

Ion Mode:EI+ 

500 550 

93 

1BB 150 2~0 251:') 

BS-Feb-99 B9:46 

650-1704723 
TIC 

»1 

L 
sse 

14951:')4 

------------------------------------------------------------------
HB9 650 (10.834} 14 9 so, 

-------------------+------------------+------------------+--------------------
Mass Rel Int I Mass Rel Int I Mass Rel Int I Mass Rel Int 

-------------------+------------------+------------------+--------------------
20 0.59 74 3.34 149 1.20 251 2.34 
24 1.17 75 7.96 150 0.77 252 2.78 
25 1.17 76 3.68 153 0.57 253 5.09 
26 6.04 79 16.61 155 0.89 254 5.65 
27 9.20 81 88.36 156 0.28 255 3.25 
28 53.42 82 5.39 160 35.10 256 3.00 
29 21.92 83 3.34 162 35.96 257 0.61 
30 6.64 90 3.42 163 1.21 267 10.74 
31 100.00 91 5.69 164 0.47 268 0.51 
32 9.85 93 44.52 170 0.22 269 21.40 
33 0.48 94 22.95 172 6.93 270 1.36 
35 7.53 95 4.79 173 9.08 271 10.19 
36 15.75 a,.. 

~o 2.83 174 7.96 272 0.74 
37 6.93 103 0.39 175 9.12 280 0.38 
38 13.70 105 2.25 176 1.26 281 0.29 
39 4.32 107 3.04 177 0.22 282 0.88 
40 2.42 109 9.89 184 0.36 283 1.78 
41 1.94 110 0.78 188 0.86 284 0.90 
42 1.99 112 0.38 189 0.36 285 2.13 
43 7.88 115 2.13 190 0.68 286 0.28 
44 4.79 116 2.05 191 0.45 287 0.90 
45 1.82 117 3.13 194 0.34 318 3.34 
46 0.76 119 2.03 196 1.52 320 9.38 
47 0.49 121 1. OS 198 1.03 321 0.45 
48 2.51 122 2.64 201 0.48 322 8.99 
49 2.95 123 0.93 203 0.67 323 0.44 
50 8.90 124 1.66 205 0.72 324 2.95 
51 5.86 127 0.16 210 0.29 332 0.22 
52 3.72 129 1.01 213 8.86 334 0.30 
53 1.03 130 1.39 215 16.95 346 2.58 
54 5.95 131 1.83 217 8.60 348 7.36 
55 43.84 133 8.35 220 0.45 349 0.48 
56 4.32 134 11.99 222 0.61 350 6.93 
57 2.22 135 8.22 224 0.29 35.1 0.47 
58 0.29 136 11.64 225 0.54 352 2.17 
60 0.34 137 0.80 227 1.66 361 9.80 
62 17.12 138 0.35 229 1.10 362 0.70 
63 2.62 141 2.58 231 0.39 363 27.74 
64 1.28 142 1.35 239 2.13 364 1.70 
67 2.95 143 1.77 241 7.19 365 26.20 
68 13.70 145 2.66 242 0.72 366 1.55 
69 9.72 146 3.60 243 8.26 367 8.48 
71 36.13 147 3.38 244 0.40 368 0.55 
72 0.53 148 4.20 245 2.95 

-------------------+------------------+------------------+--------------------
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6. 2,4,6-tribromo-5-fluoro-3-ethoxypyridine (8) 

FDe-:Hs···-ro ·rdenr:ll".l:l~lSl~'?r Def ().25.Ac..-c(:"ll-,JU~J-;-:(Jt)l ll.:'1 1l:•l{, •0:2') 1.·.,t:PH: 12.JUN(il 
/\utoSpe~ EI~ r~;tqnet-Bpt·I:J'19 8pi:37l·l~i6 TIC:28tJOGSR Fl'.I'J:-::IIid.L 

File Te:(t: llaclj,n 
1 00~ 

. 7 ES 

. c,£5 

.1. :..!ES 

~.6ES 

:.! . 'I E5 

.2.2E5 

_2.0E5 

.1.9ES 

.. 1. 7E5 

1.5E5 

L. JE5 

l.lE5 

9.) Erl 

. 7. •1 E<l 

. 5. 6E4 

.. 3. 7-E<I 

_l. 9E4 

, ,. ~-·-~ r ·.0. OEO 

+-.s·.: . 
i 

')00 550 m/ ::, 

HS_USER:SPE_DEF"AULT.L!S 13-Jllll-~001 11:51; 
L1sting of raw data for 

data file HB 10 
data id.,ntifier 11_1•1·1_5 l·ler Def 0.25 

A:<is display range X_HASS 1•10.00, 558.)7) 
rlormalising intensity 3.714561:>05 
nata threshold 0. 30'\ .:of norrMlising intensity 

ABS REL (\) ABS REL· 1\J ABS REL Ill ABS REL 1"•1 
MASS liE I GilT I-lASS IIEIGIIT fiASS HEIGHT HASS IIF.IO:;JIT 

41.0087 , 10 94.9652 0. Jl 171.87~5 1 . 61 280.02H 66 
42.0117 ). 48 98. 991;7 0. )6 172.8766 2. JJ 284. 800~ )~ 

42.9930 14. 19 99.9864 0. 6) 17).8735 I . 97 286. 7911) (II 

4 3. 994 ~ 8. 17 I 0 I. 0 II 3 ). 2 2 174.88~2 J) 288.789~ 5-1 

4 5. Oil~ l )I .Jl 102 .ot n 0.?) 175.8707 0. 18 290.7895 I .l-1 

46.0056 0. 8"1 103. 025·1 I. 18 177.05·18 I .'JI )0? .07~9 0 .,, 
49. 97 6 J 0. 6~ I 0·1. 0048 0. l I 177.944 5 0 S2 ) 12.8 )7) ('. 15 

50.9888 0. 94 104.9772 1.1) 187.86)1 0 ~I) ")14.8!81 I .OJ 

53.~681 0. J8 105.8959 0.34 188.8683 I . )9 116.8~9~ I . <>7 

54.9697 4 . 63 101; .9267 0. 69 189. 8o2 1 0 99 )17.7277 I . OJ 

55.9959 I .7-1 I 07. 94? 1 Cl. 68 190. 86~4 I . 50 118.7560 I . ~~ 
56.9995 2 . 50 108.9677 I. 36 191.87 JO 0. lJ 319.7223 .1;7 

58.0059 6 . 05 10~.96?5 I. 41 195.7799 0. 55 )20. 72-17 0' 

59.01 )5 5 ~, 114.0176 0. 35 197.7779 0. 38 321. 719~ . 57 

59.9993 0 . &8 114.9565 I. 65 .207 . 8657 0 82 322 . 1 ~ ~ 4 . 8~ 

60.9902 0. 53 lin. 00~7 0. 53 209. 861? 0. 77 )23 . 1 ~0'1 . ()~ 
61.968~ 2. )5 116.91)2 2. 85 21 2 7 85 I 5 oa JH . 7197 . 0·1 

62. 9797 I). 81; 117.97)8 0. 52 214 . 7836 9. n ))I . 710~ 0 4 7 

63.9885 0. )I 119.0095 5. 89 215.8420 0 8 ~ ))) . 714 2 0 4S 

65.0013 I. 0~ 120. II 36 I. 2 5 216.7827 4 . 69 )40 8856 ll. )) 

66.9655 0. 5~ 121 . 2407 O.H 217.8912 0 H H2 . 859) 1). 48 

67.9676 0. 60 121 . 8692 0. ~J 221.0?98 0. )c) 34·1 . 7)76 I .1-1 

6H. 9785 I. Cl8 12) . 8681; 0. ·11 221. 78·15 0. 35 34 5 . 7~60 \). 12 

"10 .. 0000 I . 6(, 128 . ?JS•I 0. 58 2n .9J',~ 0 . 4Q )-11j. 7 ~-IH )7. J ~ 

70.9832 4 . 5·1 I 30 . 9619 I. 85 ~~6.78~4 0. ~ 9 1n.n9·1 . H ~ 

7~.01~9 ) . 96 131 . 97 52 0. 59 2 28.779 3 0 41 ).18.7~~0 lOt'. Otl 

72.9893 1. 64 1)3.0204 6. 46 2)7.9800 0. J ~ )•19.7272 6. J~ 

1).9742 1 . 09 1JJ.87qo 5. 94 2)8. 7890 . 6 ~ 350 . 724:! 99.56 

74.9957 I . 32 1 )4. 8797 I. 4 9 2)9.798:! I . 27 )51 . 7~80 6.04 

76.99~) I . 56 135.8663 5. 49 240.786? 5 51 352 . 7199 J ~. ?·1 

11. 9~n \l. 56 llb.B681 I. 38 241.7961 JS 35) . 7 ~5 J ".O'i 

78.8816 0. 75 1)7.9554 0. )7 242.18~2 J . 67 374. 15~"1 6. to'.' 

79.8801 0. 81 140.8686 0. 66 24 3. 7913 1. ~I )75. 7564 0. 90 

80.9438 6. 28 142.8696 0.10 2~~.7834 0 75 )76.7596 I R. 5~ 

81. 9)60 ) . 57 145.0184 0. )1 250.7864 1.23 )77.7611 1. 111) 

82.9680 0. 94 14~.866·1 1. 18 251.1948 0. 69 )78."1569 11. ::6 

8J. 9568 0. 52 146.9086 0. 44 252.790) ~. ~7 )79.7')7) I. 71 

85.0256 0. )3 147. 864"1 I. 4 4 25).8765 1 . ~ ~ 300. "15'>·1 s. '_l•j 

85.9836 1. 79 148.9477 0. 69 254.7838 I. ~6 )81. 7591 11.60 

86.9912 8. 08 14 9. 8fi86 0. )8 255.1981 0. -~~ 400. 80·10 (I 3 ~ 

87. 9~85 4. 68 152.8616 0. 71 266. 789? 10. 19 402.8020 0. 8~ 

89.0059 18.66 154.8614 0. 64 267.7981 3. 16 404.7957 I) 85 

90.0088 1. 16 159.8672 I J. 88 268.7868 19.55 406.7916 0 .15 

90.9558 2. 98 160. a 807 I. 4 5 269.791~ 6. J ~ 498. 80Q8 0. J) 

92.0057 0. Jl 161 . 8fi 71 I J. 67 270.7876 9. Q J ~OO.Bl6H 0.3'> 

92.9383 4. 99 162 . 871 ~ I. 49 271.79)5 ). 2 J 
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7 0 2,4,6-tribromo-3 ,5-diethoxypyridine (9) 

NaneoHadjar Ion Mode:EI+ 15-Jun-99 1Bot12 
HDEX4 

10"'1 
12.24 1804010 

(\.,\ 
TIC 

II 1 

:tFS I \ 
I 1

1 
I / I 
I 
I 

0 
0./ I 

Scn1200 12e5 121e 1215 122f'l 1225 123e 1235 
HDEX4 1224 ( 2B 0 482) 
100- 29 352256 

%FS 

349 

32 3~5 I~, 351 
/ 78 1:fi1 2.J.3 1H( 4~[3 

0 
M/Z 5e tee 15e 2ee 25e 3ee 35e 4ee 

Mass il.el !nc I Mass il.e: !~c. I Mass K.el !nc I Mass ;.el r~: ·---------------- ... ·-----------------·--·-··---------
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8. 2,4,6-tribromo-3,5-diphenoxypyridine(13) 
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9. 4-bromo-3,5-difluoro-2,6-diphenoxypyridine (17) 
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~). -IRt:\fo 
'1. ~10\ 
If I . ·~-171 
Jtl.l'-1' 1 '' 

p:.,_,-,.,-/A 
pr1 _:'11 .. 11 

~" _ ?1•H 
Ai.-111" 
fl; ,.. .•.• ~ 
,:-_._ .. ,,,.;\ 
,... : .'''"" 

'"··~·-· 

194.01: I 
l1S. 01 !~ 
I?S. 8?11 
17~.1?~~ 
19~. 8"6~ 
I? 1. ~~o 1 
198. ~?S? 
199.~?(l= 

200. """" 
:n~. no() .A 
~0).00)7 

20·1.<lnl• 
:oo1. r'l..,.,~ 
:!'~. ~~·1 
20@:.tUf11i 

:'!ll.t)-0:: 
~ 1.~, U"oM'I 

:~ 1 "/ . '''•" I 
.: I M. ''lt '" 

.9.0ES 

R.SF.:S 

R. l ES 

7.6ES 

6. 7 ES 

6.) ES 

5. HE'> 

'J. <IES 

.<1.9ES 

_4.SES 

~4.0ES 

·.). 6ES 

3. lES 

2. 7 ES 

- ~. 2 ES I 
_l. 8 ES I 
_l.)ES 

. 9. OE<I I 
315 

I 
·_<I. SE<i •. ....._.. 

-',.-~.-··r--·.......-,-·2?-~ ,-,·~-~ O.OEO 
)20 )40 )60 )80 400 m/: 
---------- ···-

O.H I:~·. ·I l'iS 0. II 

1.';: I 2~. ~-:'1 l 0. 9~ 

Q. 5~ I ::·1. ·I l ) 0 0. 24 

<o.7) 1 ~ 1. ~P.Il 0. I l 
0. JS I::·,. '.'':'"'~S 0. ]J 

I .. 14 I :·1. ?'.1 1-1 0. II 

l1 '>I I!~ .0 11~ 0. 90 

Q. 11 •.::·.•."JC'lt.\:! Q. ~~ 

-· 14 ''"·t.I"C"" 0. ll 

II, I\ ,,,,_..,(,"11 n. ,.,~ 
n .,, I !1.'''1 1 .. 11, )0 

n. ·~ 
I \.:. ~r, \', n. 1·1 

1.·111 I .. "'''' ~ f).~? 

". ~p 1 1). ~r,•trt 0. ~~ 

0. I~ lli.':'''''P n. :'!? 

,,_,:: I ,, . .. , ;~ ''·''' 
t•.l-1 '''·. .... ...:: ,,_,., 
•• .. :-1 I ''· ...... , II,~ 1 

I. •,'1 1)1.' 1 :-t' • ..: 1). 
.,., 

6. I 5 296.0766 0.17 

1.25 298. 95)8 0. 17 

1.01 :?9.9601 ~. ~, 

0. \4• 300. 9~6) ~. '!•I 

0. 6? 3111.9(,81 ') .. :: 
1.12 JOL ~678 ., . ,, ~ 
0. 69 30). 9705 I .I 5 

0. 40 )04 .9717 I .1•7 

Q. 5~ li4.08H '1.'>1 

0. )0 JIS.090~ ~. ··~ ! 
0. (JIJ J l ~ .fl950 1.1"1 

0.? 1 J17.0g6S 0. ~!'' 
O.H 118. ?821 0. I: 

0. )]. JSC. 2645 f). I~ 

0. JO J1S.Ol92 0. :J 
0.12 377.040) II. ).0 

f). l ~ 
n. 1 J 
0. 11 

B9 



10. 2,3,5,6-tetrafluoro-4-phenoxypyridine (18) 

Hane:Hadjar Ion Mode:EI+ 
HB021U 

HBB21U 1048 ( 17.468) 
77 

243 

24~. }44 

29-0ct-99 88:45 

20699108 
TIC 

lt1 

11:180 

3489792 

0L-~~~--~~~~w_~~~~~~--~--~--~~--~~~~~~---J~,_----~-----,----~ 
M/:2: 2s0. __________ ~3~0~0----~ 

E202lU 1048 (17 46Bl 34, 
-------------------+------------------+------------------+----------------· 

Mass Rel Int I Mass K.el Inc: I Mass Rel Int I Mass ~el In;: 
-------------------+------------------+------------------+-------------------

20 
24 
25 
26 
27 
28 
29 
31 
32 
33 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

0.01 
0.01 
0.04 
0.42 
1. 2 2 
0.20 
0.06 
2.26 
0.06 
0.02 
0.75 
2.41 
6.98 
0.30 
0.11 
0.05 
0.08 
0.05 
0.04 
0.07 
0.13 
0.04 
0.60 
9.51 

30.99 
1. 80 
0.78 
0.12 
1. 8B 
0.26 
0.62 
0.08 
0.04 
0.41 
1. 56 
5.87 
8.92 
3 . 2 3 

15.14 
1.28 
0.21 
0.92 
4.02 
0.24 
0.83 
0.11 
1. 78 

12.21 

75 
76 
77 
78 
79 
80 
81 
82 
83 
85 
86 
87 
88 
89 
90 
92 
93 
94 
95 
96 
97 
98 

100 
101 
102 
103 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
122 
123 
124 
125 
126 
127 

6.25 
4.25 

100.00 
10.09 
0.45 
0.23 
l. 4 7 

0.74 
0.84 
0.48 
1. 81 
0. 44 
1. 45 
0.18 
0.29 
0.67 
6.75 
0.81 
0.14 
0.72 
0.30 
0.64 
8.22 
0.50 
0.14 
0.10 
3. 3 5 
0.51 
0.76 
0.84 
0.16 
0.02 
0.69 
1.55 
0 . 1-l 
0.16 
0.13 
0.27 
0.14 
0.10 
1. 06 
1.85 
2.90 
0.32 
0.22 
0.14 
0.69 
0.22 

128 
129 
130 
131 
132 
133 
134 

-136 
137 
138 
139 
140 
141 
1<>2 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
156 
157 
158 
HiO 
161 
162 
164 
165 
166 
167 
168 
169 
170 
171 
172 
174 
175 
176 
177 
178 
179 
180 

0.09 
0.14 
0.19 
0.65 
0. 31 
0.03 
0.41 
0.08 
0.09 
6.16 
0.68 
0.03 
0.04 
0.05 
0.51 
0.51 
0.74 
0.89 
0.23 
0.36 
0.27 
3. 2 3 
3.46 
0 .-H 
0.06 
0.21 
0.19 
0.34 
0.20 
0.01 
0.15 
0.17 
0.74 
3. 84 
0.46 
0.40 
0.94 
3.61 
5.69 
0.54 
0.06 
2.70 
1.94 
4.67 
0.81 
0.23 
0.18 
0.05 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
204 
205 
206 
207 
210 
211 
212 
214 
215 
216 
217 
218 
223 
224 
225 
226 
227 
228 
242 
243 
244 
245 
246 
274 
320 
321 

0.05 
0.06 
0.17 
0.10 
0.05 
0.04 
O.H 
2. 41 
0.32 
0.03 
0.62 
0.48 
5.02 
5.99 

11.85 
1. 2 9 

23.00 
2.52 
0.19 
0.11 
0.05 
2.25 
0.50 
0.07 
0.02 
0.15 
0.03 
0.18 

15.25 
11.74 
1.54 
0.29 
0.03 

2 4. 7 7 
29.46 
3.46 
0.30 
0.03 
0.10 
8.45 

92.49 
12.09 

0.92 
0.09 
0.02 
0.10 
0.02 

----------------·--+------------- ... ----+------------------+--------------------
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11. 3,5 ,6-trifluoro-2,4-diphenoxypyridine (19) 
Nane·Hadjar Ion Mode·EI+ 25-0ct-99 12·39 
HB8213 
Hm 8n3 237Ll7060 

TIC 

I 
ttl 

%FS 

0 
Scn200 300 Ll00 S0e 600 70e see see teee tt0e t2ee 13ee 
HBB213 823 ( 15 . 718 ) 
tee 77 f,-· Ll177920 

51 

%FS 

T 
3 7 

se 

~~ l 

39 ·. 78 
1?5 11.2 318 

'{ 1fLI 1,Jl6 2~e 2;(l7 / 

0 I 

M/z s0 1e0 1Se 20e 25e 300 350 L!e0 

- - - - - - - - - - - . - - ~ - - - - - - . - - - - - - - - - - - - - - - - - - - . - - - - - - - . - - - - - - - -

rlB0213 82) 115. 713) .; t17; ~ ___________________ ..,. __________________ ..,. __________________ ., ___________________ 

Mass R~l In: I Mass Rel Inc I ~"lass ?.el Inc I Mass Rel In: 
------------------- ... ------------------ ... -----.------------.------------------ .. 

20 0. 02 87 a . 95 14 5 1. as 2a1 a 23 .0) 253 ) . 14 

24 0 . 01 39 0 .51 1.4 7 .57 202 a 2) .06 :!S9 1. 62 

25 0 .0) 89 0. 24 14 a 0 . 54 203 0. 10 .0) 270 0.75 

26 0. )0 90 0 2 2 l4 9 0. 60 204 0. 4: . 03 271 0.15 

2 7 .0) 92 0 .93 1 S·J 0 6: 205 0. 4 2 . OJ 2 7 2 0 '06 

28 0. 50 93 5 15 :s1 2 . 0 l 206 0 . 10 .5) 2 7) 0. OS 

29 0 .09 94 1 . 25 15 2 1 . 79 207 0 . 15 0.12 2 7 4 0.02 

)1 0. 49 95 0 .n L S 3 0 85 203 0. 11 0.05 275 0. OS .,.-~· .. 

32 0 .07 96 0 .55 15.; 0 .61 209 0 . 08 0. 20 2 i7 0.39 

) ) 0 .02 97 0 .07 i. 55 0. 10 210 0. 50 0. OS 278 0. 28 

35 0 . 02 98 0 03 15 5 0 . 2 2 211 1. 31 0. 03 279 0. OS 

36 0. 15 99 0. 75 15; 0. 47 212 . 99 0.06 230 0. 07 

)7 0 .6) 100 1 . 09 15 8 1. 25 21) 0.31 -------------------·--------·--------· 
)8 ) . l'i 101 0. H 159 0 .27 2U . 45 
)9 14.30 102 0. 25 150 0. 02 215 0. 33 

I 
2 31 0. 02 )00 0. 24 

40 0.71 10) 0. 19 15 2 14. 2 2 216 0. 1~ 232 0. 02 )01 0. 04 

-ll 0. 19 104 0 .82 16) 1. 6 7 217 0. 0-l 286 0.0~ )02 0. 02 

42 0.09 105 9 .31 1.54 ). 6) 213 0. 1) 2 3 7 0 . 04 315 ) . 06 
4) 0. 10 106 0 :85 16 5 2.28 219 0. 45 I 239 0 . 75 )17 )4. 51 

44 0.38 107 1. 23 15 6 2. 60 220 1. OS 

I 
289 0 . 55 )18 7. 75 

~5 0.04 108 1 . 74 15 7 ). 70 221 1. 2 2 290 0. 10 319 0. 89 

46 0.07 109 0 .17 168 0.56 222 l. 57 2 91 0 . 01 320 0. 09 

·\7 0.23 110 0 . 07 169 ). 55 223 1. 96 296 ) . 50 H8 0 .01 

50 15.27 112 0. 15 170 1. 39 2H 2 a. 53 I 297 5 . 95 )68 0. 01 

51 78.~3 112 0.11 lil 0. 19 225 ~. 07 I 298 1. 69 )9~ 0. 0) 

52 4.51 113 0.14 172 0.07 226 0. 40 299 0. 25 )95 0.01 

53 l. 02 114 0. 2) 17) 0.) 6 227 0. 10 ~-- .. - .. - ... - ... ---- ...... - ... -.---- .. - ... -- .. --- ............. 
54 0.21 115 0. 48 lH 0. 58 228 0. 07 
55 0.65 116 0.23 175 0.27 229 0. 09 
56 0. 19 117 0. l) 176 4.98 230 0. 80 
57 0.57 119 2. 28 177 0. 75 231 0. 15 
sa 0.12 120 l. 16 178 0.) 2 2)2 0. 08 
59 0. 10 121 0. 45 179 0. l) 2 3) 0. a9 
61 0.67 122 a. )1 130 0. 1-l 234 0.15 
62 2.84 12) a .21 131 0.20 235 o.o3 
63 10.49 124 0. 2l 13 2 0.)) 2 )6 0. 07 
64 4. 7 8 12 5 0 . 28 18) 1. )0 237 0. OS 
65 22 .06 127 2. 62 lH 1. ~5 238 . OS 
00 2. 2l 128 0. )9 13 5 1. 31 239 0. 51 
67 0.17 129 0. 06 136 0. 33 240 5 . 02 
63 0.29 1)0 0. )0 137 0 .3) 2H 1. 19 
69 O.H lJl 0. 2i 188 0. 11 242 0 . 79 

70 0.)3 132 0 . 50 :3 9 0 . 0-l 24) 0 . )5 

71 0.)) lH 7 . 75 190 0 . ) ) 2H 0 . o3 
7~ 9.12 us l. 2) 191 0 .13 245 0 . 03 
75 5. )4 1)6 0. 66 192 4 . 04 246 0 . 0-+ 
77 100.00 1)7 0. 14 :93 0 . 59 247 0 .02 

73 9. ao us l. 16 194 2 . 08 249 0 . 2 2 

79 0 .H 1)9 0.51 19 5 2 .52 249 0. 99 

81 1 .07 141 0. 2) 196 8.14 250 1. 59 

82 0. 29 lU 0. 22 197 1. 55 251 O.H 

83 0 . 27 142 0. 07 198 0.26 252 0. 42 

84 0 . 06 144 l. 48 199 0.06 25) 0. )6 

85 0. 16 145 o. as 200 0. 19 254 0.10 
----- .. -...... ------- ........... ---------------- ...... -- .............. ----- ... -- ........... --- ..... -- --- .... --- ..... 
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12. 2,6-dibromo-3,5-difluoropyridine (21) 

F1l-e:Hs=tJ--raent:Z7~9-s_:_sMer---oeto.2-s--r;:c.cf:Tz::;:ru-N::-:z-\HJTT"f):-ss:--o-6-+-o:ss-car:PF'K-12JUNOl 
AutoSpec EI+ Magnet BpM:273 Bpi:2677014 TIC:l0009377 Flags:HALL -
File Text:Hadjar 
100 2 3 2.7E6 

95 2.5E6 

90_ · 2. 4E6 

85_ 2. 3E6 

80 _2.1E6 

75_ 2.0E6 

70_ 1.9E6 

65_ 1. 7E6 

60 ·_1. 6E6 

55 __ 1.5E6 

50 
113 

1. 3E6 

45 ·_1.2E6 

4 0_ ·_1.1E6 

3 5 __ 9. 4ES 

30_ _8.0E5 

25~ 
6.7ES 

20 
192 5. 4E5 

15_ 4.0E5 

10_ 2.7E5 
63 

:~ J~ 82 

50 56o 

,.~~ .. 

O.OEO 
m/z 

MS USER:SPE DEFAULT.LIS 12-JUN-2001 16:~6 
Li~ting <)t -;:.;w data for -

data file HB_6 
data identifier 27_29-5_8 Mer Def 0.25 

Axis disvlay range X_MASS (40.00, 5f,l. 951 
Normalising intensity 2 .67701E+06 
Oat« thre,;h.:·ld 0.30% of normalising intensity 

ABS REL (%1 ABS REL (%1 ABS REL (%1 ABS P.EL 1%1 

11ASS HEIGHT 11.'<55 HEIGHT 
MASS HEIGHT MASS HEIGHT 

44.0596 0. 86 81.0477 -54 118. 1252 0. J ~ 17 3. 1 :>&6 0. 37 

49.0677 0. 40 82.1164 4. 40 122.1052 Q_ 7~ 175. 172:'> 0. ~0 

0. 32 86.1108 . 62 124.1090 0 -7:2 192 -21613 2L06 
50.0681 193 . ::~::8 1. 46 

0. 68 87- 1186 - 2 2 135.138" 1. 17 
51.07 J 1 19 4 . 2191 20.30 
55.0701 0. 85 91.0576 0. 93 135.8370 0. 91) 

2. 51 93.1155 ) . 29 136-914:; - 29 195 . "198 I. 26 
:>6.0777 

4 . 41 137_7790 0. 71 :27 I . )094 49.09 
62.0871 1. 65 94.1323 

7. 20 105.0916 I)_ ) 2 142.1520 2. ':.! ~7 '2 _)I b] I . 7 4 
63.0898 

0. 36 106_0896 0. 46 14L 1542 -53 27). ) 161 10(\_00 
64.0926 

0. 3 7 148. 1717 0. 39 ~7 4 . ).j b I )_ 68 
67_0928 0. 4 3 108.0970 

2. 2 8 112. 1702 ~ . 26 14 y. 1896 0. J•' :27 s. J ::o-1 46 9~ 

68.0984 
L83 113.1735 n .44 1 GO- 1274 0. 55 ~-,I). 39')8 . 4 7 

69.0Y86 
74.1042 0. 95 114.1773 2. 69 162. 1619 0. 36 

75. 1102 2. 30 116.1131 0. 31 165 . 2019 0. 72 

79.0370 2. 3) 117. 1226 0. )) 16'1 . 2091 0. 7 i 
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13. 2,6-dibromo-3,5-difluoroisonicotinic acid (22) 

;Fil,·:lll'._ALI Ld•·'llL:·I·I '<: •) _I;~ \"li11 li)l)l'l'l·i t\r."q: 11-I.J('i'..:L90·) t.·:2u:1.1 
;,,,,,,J~:prr:- l~f• 1·[(1CJ1l!'l ll['l·l· ~l"l llpl :~·,;~;~[!!10 TfC:tlGil:-!')JG ·FlclCJ:.:IIl\LL 

il· i I•' Tt~:-:t: 11.1di.1 ;. 

! 11)!11,1 

') r, 

'I() I 
I 

,<: r, I 
!'(I i 

i 

;•, i 
! 

'/I) I 

r)S I' 

r.(l 

I .,.,I 

'") 1 

·I'• 

.[() 

\', 

\() 

~:c., 

~() 

:~ 7 J ) ., 

II I 

l 9 ;~ 

JOO 

5. 2E5 

_S.OES 

. 11. 7E5 

.'1. 4 ES 

_ '1. 2 ES 

.J.9r::S 

_J.7E5 

_ J. 4 ES 

_).lES 

2.9E5 

.2.6E5 

.2. '1 E5 

. 2. 1 E:. 

_l.OES 

.1.6E5 

~ 1. J ES 

l.OES . 
· 7. 8E4 

_5.2E4 

_2.6E4 

O.OEO 
m/z 2-£ o .... ~'~o- J·a~3To.'3lo~3 ..-.-r-r-..-.-,-,-,~ 

HS_USER:SPE_OEFAU!.T.t.IS 8-0CT-1999 t::H 
L..istinq of raw data fur 

data file liB Att 
data identifier 44_52-9_18 Win tOOPf'H 

"xis display ranqe X_IVISS 140.00. 42~.101 
flormalising intensity S.:!~880E•OS 
Data threshold 0. 20\ of no1tMl ising intensity 

1185 REI. 1\1 "as RF:t. 1\1 AR~ Rf.t. 1\1 AOS REt. l\1 

r-tASS IIF:IClrr HASS IIF.Ir.IIT MASS liE I GilT MAS$ liE l~:tiT 

40. 999~ 1 .0~ 8 J. 885·1 0. J: 1 )6. 2955 2. SR 21'1 .r,•Jq~ l.loR 

42.9776 ) 64 8~.0~~1 0. 27 I J6. 79·10 2. 04 :!:!1.6.1\)"1 f.•. JO 

0.0226 0. 21 85.9214 l 1. 16 tJ7.29l2 l. 11 226.6223 IJ. 10 

41.9499 28 :6 86.9282 l. S6 l J7. 794 3 0. 21 2J5.6889 ·L~7 

44. 9~76 7. :!A 87.9121 0. 26 140.7929 0. 68 216. 6?01 0. 'II 

4S. 9612 I) H 90.8189 1.14 141.8006 1.72 237.6841 4. 18 

46 9548 0. 2-1 90.97)) 0 . .(S H2. 792S o. as 218. 6RJ~ 0. ~(J 

H. •JC,')l 0. (.b 9 ~. 8.! I') O.li-1 14).'19~8 3. t;7 2~0.~~·~3 IJ.io4 

48 IJ"'>H 1},/1) 'J-: ')~0) 11.-11.) 14~. 'IUJ I :! . no ".!'J:!.'l'll·l 1.::1 

49 9614 0 . ., 1 93. 9~61 7. :s 146. 78'H 0. 60 ~~-1. ~~·)"/ 11.'1(, 

~0 9676 1 .09 94.9251 0. so 147.7810 2. 26 2~6. 6532 o. ~s 
54 . 9518 2. )8 9S.JH6 0. 92 148.79' 4 o. as 2~6.575? 0. )9 

~~ 01 L? O.!i'J 9~. ~7'76 0. '14 1~8.8?8? 0. 34 :!69. Sft~O 0. 04.:! 

5~ ~S&? ). 2 J 9f,, )'Ill) 0. A6 149.77851 '· 0. 94 2~9.51-10 l.-11 

56 020'1 0 >7 96.8760 0. 'II ISO. 77411 0. ~I :.!10. r_,7l)f. '.il . .!ll 

S6 95~0 O.H 97.0 t-10 0. J9 I S2. 71~2 3.'/.1 ~71.5778 0
). ·10 

57 0220 1 . ~ .. 99.9111 l.1S 154.7721 3. 61 :72. 5'1~8 ?? . 'II) 

57 . 991 s l. 20 tOO. 9248 0. 87 157.2726 0. 28 273.5'/H 6. a,; 

sa 9987 0. 6? t 04 . a~ a J 0. )7 I 58.2710 0. so 2"'14.S7:H 48. l 8 

S? 96H 0. ~ ~ I U4. 97<J-1 0. 64 159.2662 0. 27 ~7S.574° :. ~ 1 

61 . 949'1 7. OS 10~.8HO 0. ·10 159. 772'J 2. 21 288. ~·19·1 0. ~ _l 

62 ?567 10. ··~ 106. 82~ 1 0. )~ 16 I. 7688 2. If, 29~. ~ l~f. 0. ~·, 

6). 960~ 0. ~9 101.8)1'1 0. 31 162.77~0 0. 2•1 296. ~JO? I.~~ 

66 9408 1.-1:! 109. )~86 0. 4) 164.7628 ). 49 297.5376 ~. :~ 

67 .9n3 ).12 109. 8~ IJ 0. :!9 165.7693 0. 40 298.5275 0. 95 

68.9417 J. 15 110. 3~53 0. 43 166. 7S97 ).41 2?9.5HJ 4.08 

69.0182 0. 27 Ill. 9003 14.24 167.7662 u. -12 300.5)76 0. J? 

69. ?461 o. ~s 111. 901) a 1. 82 171. 75?~ I. 4? 30t.5~n ~ .l•·1 

70.0192 o.n II J. 9099 4. 80 172.7688 0. S5 310. 6S I? 0 .. 1• 

70. ?J 18 I. 01 IH.81S6 0. 56 173.7567 J.n ) 12.6496 0. 55 

71.021~ 0.-11 ll S. a2:·1 0. 44 174.7676 0. 57 114. 5~45 St. 19 

1) .IJ J'jiJ 2.'1 11 It h. 814~ 0. 86 17') . . ,.,.)(, 4. ~~ .1 l ., . .., :~ ., 1 1. ~N 

7-1. 9-IJ9 ).I] 117.8~0~ 0. 49 l HO. 'ISO~ 0. 80 ) I ft. ~.d •)"I IUtl.tlU 

75.901 o.n 119.8147 0. 38 l81.7S56 4. 08 )17. s 1 '12 b. H~ 

76.9711 0.-14 118.9776 0. 27 182.7440 0. 69 JIB. S 127 a.e6 

77.9)10 0. ~8 121. 807l l.H 190.7390 7.H 319.5142 l . .t2 

78.8504 2. 9\l 123 .~OH 1.39 191.7427 J6. 92 J20.H6B U. ·Ill 

79.8562 ) . 40 128.8016 0. 86 192.7378 9. 23 349.4016 I).~:'! 

80.8449 2.(;1 1 )0.7974 0. 82 193.7407 36.09 3SO. 1?~ J 0. 4" 

80.9127 2. 59 Ill. 7951 0. 59 '194. 7401 2. 25 3~2. )922 IJ.4.\ 

81.8492 2. 93 1 )4. 8006 I. 9~ 207. 7?.19 0.0 

81.9394 5. 45 115.:9'17 l. 18 209.7194 0 .•17 

83.0015 0. ~~ 1 )~. '/q )0 I. 70 21S.704J 1. 70 
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14. 2,6-dibromo -3,5,4-trimethylsilylpyridine (23) 

Hane:Hadjar 
HBTMS 
100 

%FS 

HBTMS 945 (15:751) 
100 63 77 

%FS 

0 
M/Z 

Ion Mode:EI+ 

945 

200 

------·---·-----------·--·---------·-·-------------·-----·-------
HBTI-IS 945 (15.751) 5447S, 

-.............. -- ... --- ............... -.- .. -- ........ -- ... -... -.... - .......... ----- ... - ... -- ...... - ...... -- .. --------- ...... - ..... - ... -..... -
Mass Rel Inc I Mass Rel Inc I Mass Rel Inc I Mass Rel Inc 

-- ........... -------- ..... -- ... + ......... - .. -- .......... ---- .. -- +------- .. - ......... -- ... --- .. ----- ........ - ...... --- ...... -- ... -
20 0. 04 8) 1.02 140 4.84 198 0. 55 

26 0. 56 84 0. 15 141 15.04 199 1. 17 

28 4.51 86 1. 22 142 2. 76 200 0.18 

28 6. 30 86 2.76 14) 18.80 202 )7 .H 

29 2. 04 87 2.81 144 3. 95 203 1. 87 

30 0.12 88 4.65 145 6.58 204 )8'. )5 

)1 4.14 89 ) . 90 146 4. 8<\ 205 2. )8 

32 2. 09 90 1.00 147 5.69 207 1. 5) 

)) 0.22 91 l. 08 148 4. 46 208 0.) 7 

36 0. 20 93 12.03 149 0. 38 209 1. 64 

3 7 0.81 94 2. 10 150 0. 15 210 0. 4 7 

38 2. 23 95 2. 73 151 0. 19 211 0. 83 

39 8. 46 96 l. 29 153 0. 39 212 0. 20 

40 0. 63 97 0.61 154 0.90 213 0. 04 

41 0. 65 98 0. 20 155 6. 44 221 ) . ) 8 

H 4.65 99 0. 40 156 1.02 222 1. 08 
4) 16. 7 3 100 0.37 157 1.21 223 14.66 

H .·L32 102 2. 74 '158 0. 22 224 2. 53 

45 19.92 103 ).10 159 1. 15 225 11.28 

47 55.64 104 5. 83 160 1. 21 226 1.21 

48 ) . 67 105 1. 50 161 2.78 227 0. 26 

H 45.49 106 1. 09 162 0.51 228 0. 17 

so 4. 70 107 1. 56 163 2. 58 229 0. 17 

51 12.78 108 1.91 164 2.95 230 0 .17 

52 2. 3 5 109 1. 50 165 3.38 232 0. 70 

53 10.67 110 0.21 166 l. 53 234 2. 23 

54 2.62 111 0. 55 167 0.41 235 0. 15 

55 3.01 112 2.38 168 5. 87 236 1. )5 

56 1. 15 113 0. 87 169 3.85 237 0.10 

57 4. 42 114 0. 65 170 13.61 239 0. 06 

sa 2.03 115 1. 54 171 2. 96 246 0. 20 

59 0. 36 117 7. 38 172 1. 64 H7 0. OS 

61 5. 08 118 1. 06 17) 0. 69 248 15.04 

62 4.75 119 5. 36 174 2.11 249 12.H 

53 97.74 120 0. <13 175 1.13 250 16. 7) 

54 6. 67 121 0. 58 176 0.14 251 13.91 

65 1. 33 122 4.14 177 0.86 252 1. 99 

66 1. 00 123 4. 09 178 0.09 11 253 1. 81 

67 1. 90 124 0. 75 179 0.10 254 0. 28 

5a 1. 16 123 0. 30 181 0.03 255 1. 54 

69 1. 08 126 0. 45 182 1. 29 256 0.11 

70 0.53 127 0. 70 18) 1. 03 260 0. OS 

71 1. 75 128 1.41 184 1. 32 261 0. 08 

73 51.13 129 3.)6 185 0. 80 262 0. 25 

74 7. 38 1)0 0.80 186 0. 4 7 263 0. 08 

75 6. 06 131 0. 68 187 0. 22 264 0. 75 

76 1. 27 132 0. 64 188 0.78 265 O.H 

77 100. 00 1)) 0. 30 189 0.32 266 0. 25 

78 18.80 134 0 .16 190 0.26 268 0. 06 

79 ) . 95 135 0. -t2 191 0.90 270 0.13 

80 0.52 136 0. 65 19) 2. so 271 0. 10 

81 13. ~1 137 0. 82 195 2.41 272 0.07 

81 25.56 138 0.17 196 1. 32 273 0.17 

82 3. 24 139 0. 54 197 0. 74 274 0.10 
... - ..... --- ........ -- .................... - ....... -- ....... - ... -- ..... -- ...... -- ..... -- ..... -.......... - ... -- .................. - ..... -.. --- ....... ----

Appendix B 

22-Jun-99 88:84 

6257866 
TIC 

ttt 

544768 

345 

343 

' 
250 300 350 

-------·----------------·------------· 
H3TMS 945 (15.751) 

-------------------·---------------·--
Mass ael Inc I Mass Rel Int: 

... - ... -- .. ---- ... -- ......... --- .... -......... -- ... -- ... --- ... ---
2 75 0. 14 302 0. 21 
2 77 0. 20 )0) 0.38 
2 79 0. 03 )04 0.15 
279 0. OS 305 0. 19 
287 0. 17 )08 0. 14 
2 99 0. 46 310 0. 18 
290 0. OS 311 0. 04 
291 0.14 312 0.12 
300 0. 11 313 0. 04 
301 0. 20 315 0. 06 

--- ... ----- ... ----- ... ---.- ... -- ... ---- ...... --- ... - ... 

-------------------- ................. ___ 

544-, 
-- ... -- ... -- ... - .. -- .. - .. - + ... - ... --- ..... -------- .. -

."'ass Rel Int: I Mass Rel Int: 
...... - .. -- .......... - ...... - ... - ... +- .............. -- ..... -- ................... -

317 0.06 )44 2. 84 
326 0.14 )45 47.74 
327 0. 07 346 5.97 
328 1. 29 34 7 22. 3 7 
329 0. 22 348 2.76 
330 2. 03 )49 0. 80 
331 0. 28 350 0. 08 
332 0. 96 
3 33 0.13 
34) 24.81 

---- ... - ........... - ..... - ... - ... +- .... -- .. ---- ... --- .. -- ........ 
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15~ 1, l-di(2,6-dibromo-3 ,5-difluoro-4-pyridyl)ethyl acetate (2 7) 

Nane:Hadjar Ion Mode:EI• 28-May-99 11:26 
HDACt I 

100 89 + x9.8 

HUAC1I'1622 (27.835) REFIHE 
100 43 HBAC11'1622 (27.835) REFIHE 

100 
5 7 ;219 

58~ 
/ 

%FS 
%FS 

--------------------------------------------------------------------
HSACli' 1622 (27.035) REFINE 107520 

-------------------+------------------+------------------+--------------------
Mass Rel Int I Mass Rel Inc I Mass Rel Inc I Mass Rel Inc 

-------------------+------------------+------------------+--------------------
20 0.13 81 1.92 207 0.58 425 0.47 
26 0. 34 82 0.70 217 0.75 428 0.90 28 0.86 86 2. 71 219 0.85 430 0.38 
29 0.77 88 1.43 224 1. 01 470 0. 31 
31 2.05 93 1. 86 225 0.60 472 0.44 
35 1. 52 100 0.67 230 0.83 487 0.65 
36 2.29 106 0.47 231 2.29 489 0.61 
37 0.57 112 4.52 250 3.05 491 0.39 
38 0.90 113 1. 41 251 0.65 505 1. 04 
40 0.14 118 0.35 269 0.56 5J7 2.78 
41 0.57 124 0.54 272 1. 96 509 2.81 
43 100.00 125 0.52 273 0.76 511 0.94 
44 3.57 137 0.63 274 1. 24 565 0.35 
45 0.83 138 0.54 275 0.15 567 1.86 
50 0.48 139 0.94 298 1.93 569 2. 71 
51 0.42 148 0.47 300 3.56 571 1.95 
56 0.35 155 0.65 302 1.95 573 0.33 
57 0.61 162 0.38 310 2.14 583 1.01-
61 0.33 165 0.92 312 2.08 585 3.59 
62 1.22 167 0.88 314 0.75 587 5.24 
63 0.59 191 3.08 315 0.74 588 0.52 
68 0.62 193 3.66 316 1. 70 589 3.41 
69 1.07 194 0.72 318 1. 09 590 0. 3 6 
74 0.40 199 0.47 328 0.25 591 0.67 
75 0.87 201 0.20 400 0.38 627 0.25 
76 0.60 204 0.42 408 0.56 629 0.39 
79 1. 28 205 1.76 410 0.58 632 0.19 

------------------ -+-- ----- ... --------- -+-------- --------- -+------- -------- ... ----
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5587937 
TIC 

111 

107520 
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16. 2,6-dibromo-3 ,5-difluoro-4-pyridyl-phenylmeyhanone (28) 

,.ib_bc 09/17/01 05:04:42 PM 

. 000-36.99 
2.35 

100 ! 
2.27 \ 2.37 

90 : 

'I 80 . II 
70 I' I 
60 

II 
220 i; 

50 

40 

I\ 
30 i: 

'' 

20 I: 

21.41 

I 
I 

10 ·, 
1.28 : 3.08 

r, 

I\ 
0 r·~ ----~~~~------------~~~-.~~--r-~~~.- I 

0 4 6 

3 BC #2289 RT: 21.41 AV: 1 NL: 4.32E6 
{0.0) + c El det=350.00 Full ms [ 20.00-620.00) 

100 . 
105.0 

90 . 77.0 

80 

70 

60 . 51.0 

50 

40 

I 106.0 
I i1 

30 . 

10 12 

20 . 50.0 i : 1
1 

: : ! 78.0 '1!
111 ·9 192.8 

1

: •. 

2-8~-~--~-:JU~1J,Lr~~-~~-~rjl.j_r-> 
50 100 150 200 

Appendix B 

14 16 18 20 22 24 26 28 
Time (min) 

376.8 

271.7 

374.8 .i. 378.8 

11· 

r~.---r-r·.-"(r-·:· ~~--~:~~-,--,- .. , .. ~ ,.... -

250 300 350 400 450 

m/z 

30 32 34 

500 550 

36 

B16 

NL: 
6.74E7 
TIC MS 
HB_BC 

,-~-. 

600 



17. bis (2,3,5,6-tetrafluoro( 4-pyridyl))phenylmethyl benzoate (29) 

jFile:flrt~fcf:)Ident·:-18_23_.2_5 Met bef o:-25 

1

·/\utoSpec: "'EI+ HF.lqnet BpH: 105 Bpt: 3749206 
F i 1 e Te;-: t : Hacly.) r: 

Acq:L>JlfN-/.001 T2:JS:-53 -~O:tlO taF'£:if'K_::_l2-JUt~O.l 
TIC:10739252 F1ags:Hl\LL 

ll :~'1 lf/5 

90 

I ;: 

70. 

65 

60_ 

55~ 

50_ 

tl5 

40 

35 

30_ 

2 5_ 
77 

20 1 15_ 

10 

5 ~ 5? 
0 ~""" l!o 

149 

1~0 
178 
; '. 

H:';_f);;EE:SI·E_l.>EFAULT.LIS 1~-JI.Ifl-2(•01 1::)'1 
Lisljny ·:·f r.;..w data fo:•r -

dau filo> HB PC 
dota identifier 18 23-~ 5 I-ter De( 0.:?5 

":ds Jisploy range: X_HAS; (.JO.UO, '171.671 
fl..;tmalising intensity ).7~921E>06 
[iota thrc:shuld 0. 30\ of nc.rmal ising int.:::nsity 

ABS REL (\1 F.llS EEl. n1 
MASS HEIGHT HASS !lElGHT 

41.0505 0. 71 06.0751 7. 7 j 
4J. O!i!8 0. 74 07.0791 I). 57 
-1-1. Ou32 J. 68 :?2. 0635 0. 6) 
50.0108 I. 26 4~. 0702 I. 01 
51. 0)87 5. 74 50 .0) 17 0. 7: 
52.04 ]7 0. )8 51.0414 0. 31 ss. 1)7~ 1 0. 59 H.noo 0. )] 
57 .llB'> 1 0. 91 78. 05~5 1.04 
6J . 04 -IS 0. ]] 8ij.OS69 O.H 
h'> 0•; IS 0. 38 d9. 1107 tl.)f, 
69. oJrJ(J 1.:5 18. 1 08~ t).):! 
71.1•!71 0. -H :n. 119/i ~. 89 
·/.l.fi!A"/ 0. 'IH :~ I . I::''> ll. c,~ 
.,'j. IJo(lJJ 0. 48 )fo 11 t.h •).'PJ 
76. OS! ij 0. 91 38. 1163 J. 26 
77. 0604 21. OS )9. 1224 1. 52 
78. (•641 I. 59 40. I J 18 0. 84 
e 1. 0764 0.) 1 H. 1286 0. 32 
8J. 1047 0. )4 5). 142E 0. 80 
91 . 076} 0. 40 54. 1 ~7 J 0. 44 
9) . 05(14 0. JO 55. 1221 0. 66 
97. 1:?96 0. JO 56.0754 0. 6) 

11);) OJ 12 0. 40 6~. 12 59 0. JB 
104 . 06 JO 0. 46 66. i 561 0. 51 
I 05 0708 100.00 69. 1 )59 0. JS 

Appendix B 

I 

200 

ABS 
HAS~ 

~ 7 3. 1257 
274. 1 :!H4 
275. l·H•t; 
276 14 )0 
:!79. 1 J::s 
280. I 167 
281. I J J 7 
~82. 1418 
~89. 14'/f, 
:9). 1))1 
:H. 14::3 
:95. 1 ~lil6 
~99. l)(t( 

JOO. 14 J4 
)01 . 14~4 
)04 .1372 
306. 1516 
307. !54 J 
Jl1. 14115 
318.1467 
319.1500 
)20. 1616 
)}4. 148) 
)}5. 1512 
J 31. 1520 

238 

,1\ .• 
2 7 5 300 324 

I l I ~ l ~ L .. 
I 

250 

REL I'<J 
HE I GilT 

0. 39 
(J. 56 
::! . 6.t 
0. 51 
0. )7 
0. 40 
0. )ol 

u .. n 
0. ·11 
I . :~ ~ 
0. H~ 
0.-10 
0. ·11\ 
I .tth 

0. '>6 
0. 44 
0. 60 
0. J4 
0. )2 
0,. 58 
o·. n 
I .09 
I. 57 
0. (.8 
0. 84 

36o· 

Aes 
MASS 

JJ8.tsa 
))9. 16)0 
)40. 1649 
J.l2. 14 57 
)4 J. 146) 
344.1622 
349.1601 
350. 1628 
!~1. 1770 
368.1558 
)69. 1645 
370.171~ 
J'/ I. 1801 
JtiS. 1699 
)86.1788 
387.17 34 
)88.1735 
)89. 1814 
)90.1869 
)91 .1900 
510.2688 
511.27) I 
512.~755 

REL 1<1 
IIEI•>HT 

0.40 
1. 56 
l.),j} 

C·. 41 
0.6.1 
(J .I)~ 
:. 87 
I. Oti 
(i.fl 1J 
t).) ~ 
'/.)] 

2. PS 
n. ~' J 
U. l~j 
f). 91) 
I). 59 
3.60 

10.79 
J. ti9 
(/. 5) 

16.21 
4.::7 
(J. 6'> 

J.7E6 

. 3. 6E6 

. 3. 4E6 

·. 3. 2E6 

~3.0E6 

.. 2. 8E6 

·_2. 6E6 

. 2. 4E6 

~2.2E6 

[ 2. 1E6 

f 1. 9 E6 

.1. 7E6 

.1. 5E6 

: 1. 3 E6 

_1.1E6 

.. 9.4E5 

·7.5E5 

Bl7 



18. 2,6-dibromo-3,5-difluoro( 4-pyridyl)-4-methylphenylketone (31) 

... ,t-ib_pc 

n: 20 85- 2<1.60 

100 

90 

80 

70 
dJ 
u 
~ 60 1J 
c 
:;) 
.0 50 <t 

"' > 
;; 40 
o; 
a:: 

30 

20 

10 

21.0 21.2 21 4 21.6 21.8 

18 PC 112429 RT: 22.61 AV: 1 NL: 4.60E6 
: iD.O} ... c El del=350.00 Full ms ( 20.00-620.001 

100 

90 . 

80 

70 

60 . 

50 : 

,o 

119.0 

91.0 

65.0 

! 120.1 

1 

20 . 39.0 63.0 i ! ,; 

22.0 

09/17101 04:18:01 PM 

22.2 22.4 22.6 

22.69 
I 

! I 

i 
22.8 

Time (min) 
230 23.2 23.4 23.6 

NL. 
6 33E7 
mil= 
19 6-249 3 
MS HB_PC 

23.8 24 0 24 2 24.4 24.6 

390.8 

388.8 ; 392.8 
30 

: i 89.0 I :: 
: I' I 92.0 ; 

10 ! 51_.0 ' .85.9!,· . :! . 192.8 . 

o -~-~:: .. JL~L~L~~:.~.U~.:.~J ... .JL~~~~-~--,~--:~~:~~~JJ:~r--F"--,- .. r···:·-·c·!~~:.~,.-.... , ·:-~?.;.:.~-,-------·-=·········--·------,.JL~~=·: ......... . 
50 100 150 200 250 300 350 400 

rnlz 

It 

Appendix B B18 



19. 4-dibromo-3,5-difluoro-6-(phenylacetenyl)pyridine (33) 

Nane:Hadjar 
HBB843 
100 99 + 

%FS 70 

0 ! I ,--
Sen 200 Ll00 
HBB843'1319 ( 21.985) REFINE 
100 

%FS 

28 

L ~L9s,p 93 135 
63 7

1
LI 8

1
61 1?6 1?~. I 1LI7 

0 

-.~ -

TRIO-lBBB GC-MS 
Ion Mode·EI+ 

x9.0 

... 
600 800 

2 3 

1 6 
~187 

193 21LI 

1~7 f 
/ ,, 

B2-Jun-8B 11·48 

21965168 
TIC 

111 

1319 

\ -·-
_j ___ 

1000 1200 1400 

81920 

373 

371 

' 

2)F 
M/:Z 50 100 150 200 250 300 350 

------------------------------------------------------------------
H30843'1319 (21.995) R::::?IN.=: 819 2l·,-

-------------------+------------------+------------------+--------------------
Mass Rel Int. I Mass R-:!l Int. I Mass Rel Int. I Mass Rel Ir.c. 

-------------------+------------------+------------------+--------------------
27 1. 2 3 87 2.81 136 2.95 18S 8.83 
28 18.44 88 1.07 137 1.54 185 42.50 
31 4. 61 92 1. 52 141 1. 4 6 187 3 2. 19 
32 6.02 93 3. 91 14 2 1.72 192 3.77 
38 2.66 94 1.27 144 2.25 193 11.56 
39 8.44 98 1. 88 14 6 2.42 194 4.94 
40 1.07 99 1. 4 8 14 7 5.31 211 4. 71 
44 1.41 100 1.76 14 8 1. 58 212 10.00 
50 6.41 104 1. 14 154 1.68 213 100.00 
51 6.17 105 1.11 155 2.71 214 15.08 
52 2.32 106 7.03 156 1.11 291 1.50 
61 2.05 110 1.82 160 1. 82 292 4. 71 
62 2.91 111 2.87 161 4.41 293 2.58 
63 4.59 112 1.82 162 3.63 294 4.65 
68 1.03 116 1. 60 163 5.08 295 1. 02 
73 1.14 117 1.21 165 3- 3 4 371 42.81 
74 4-4 9 123 3 . 3 2 166 1. 4 5 372 7.58 
75 2.52 124 1.46 16 7 8.91 373 82.50 
76 1.62 127 2.73 168 6.09 374 12.91 
80 1.31 128 1. 20 169 1.17 375 43-44 
81 1. 88 129 1.19 173 1. 15 376 6.02 
84 1.19 130 1.52 174 2.81 
85 2.36 134 1.19 175 2.05 
86 6. 41 l35 2.95 182 5.39 

-------------------·-----------------------------------------------------------,. 
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20. 2,6-bis(2-phenylethynyl)-4-bromo-3, 5-difluoropyridine (34) 

F1Te·: ii8lffi4-<lTaent: 6T_/l-~71 Mer Defo-:-2s-·Acq :·JU-NQIT=LUOoTT:fT-<Io+T:lTcaT:-p·rl{.=:-27NOV 
AutoSpe; EI-;:- Magnet Bpt1:)9J Bpi:SS8J87 TIC:<IJ28188 Flags:HAr~, 
File Text:Hadjar 
100 

95 

90_ 

85 

80. 

7 s_ 

70 

65 

60 

55 

50 

45 

40 

J 5. 

)0 

25 

20 

15 

10 

5 

187 

11S_USEP.:S<~_CEi'AUL.T.t.!S lv-NOV-~0•)1l 17: .. ·. 
Listing (If r~·"" d~t" for 

d~td f i 1e HB_I)~~-4 
dat~ ld"!ntifi~r -;7_71·S_21 H.<?r C~f •). 1~ 

.l.xis displ_,./ r:JnQ"! :<_HA5S IAS.)5. ~~?. >51 
rl-:'\:-m<!~lising intensity 5.'58)97E·05 
0-:lta thresh·~ld O.JO' of norrM.lising int"!nsity 

ABS REt. "I ABS F'EL I\ I 
MASS HE !CHT MASS HEIGHT 

45 0 9747 I). 77 102 0 98~ 1 0. SJ 
48. 975~ 0. Jl 10].9715 1.92 
49 0 9864 2. 78 104. 990~ 1.71 
50.99 J 2 ].]4 106.Jl10 2. 4~ 
51.9982 1.79 107.0160 I. )8 
SJ. 0041 0 0 86 108 0 0432 0. ]2 
54.01 so 0 0 48 109.0042 1. 27 
55.02 )6 ).4] 109.9876 I. )8 
56. OJ I 0 I. 94 110.9911 2. 78 
57. 0]86 5. 91 112.0155 1.55 
58. 0)51 0. 87 II l. 02~4 1.47 
59.0155 0 0 )5 11 s .0021 0. ) ~ 

59.988 2 0. 7) 115.9611 I .55 
60.9758 0. 8) 117. OI7S 1 .9) 
61.9794 I. 10 118.0054 I. 19 
62.987 5 2 0 46 119 .020) 0 58 
6). 9968 0. 64 120.08 )8 0. 54 
65.0026 0. 64 121.0717 0. 8) 
66.0067 0.) 1 121.9707 0. 96 
67.0205 I. 01 12). 024) I. 99 
58.0497 0. 84 124.0457 0. 94 
69 .0258 2. 60 125.0391 0. 68 
70.0418 1.71 125.0)94 O.H 
71.0469 2.85 126.9885 2. 95 
72 .Oll9 0. 42 127.91 )1 1.42 
7 2. 9875 0 0 80 129.0265 I. J1 
7].9779 2. 4) 1)0.0971 1.)2 
74.9797 2. 58 lll.Ol6~ l.) 7 
75.9872 2. 28 Ill. 9857 0 0 85 
77 .001~ 2. 12 lJJ.llll 1.21 
77.9947 0. 8J 134.058: 1.)8 
78. 994~ 0. 99 ll4.95ll 2.0~ 

79.9965 0. 99 116. 045) I .17 
81 0 08 )6 1. as 1)6 0 998) 2. l2 
81.9902 0. 99 1J7. 9775 0 78 
8).0857 1 0 94 139.00~1 0 .l5 
84 .029) 1.41 ll9 0 9725 0. 6) 
85.0085 2. 70 140.9652 1.7) 
85.9664 2. 07 142.0817 1.28 
86.9747 2.06 14]. 1182 2. 62 
87.9779 0 0 87 144.0064 2.02 
88.9962 0. 59 145 0 0521 0. so 
91 0 0054 0 0 60 146.2142 l. 56 
91.9784 LOJ 147.0490 ].7) 
9).1217 2. 75 141.9595 0. 39 
9) 0 9865 1. 75 148 0 9591 3.55 
95. 0)61 I. 09 149.9650 l.JS 
96.0765 0. 60 ISO. 9949 0. 7) 
97.0573 I. Jl 1Sl.Oll3 0. )) 
97.9815 1.90 151.9777 0.0 
98.99)7 2 0 28 155.0505 2 0 92 
99.9790 1.56 156.1JH ~. 69 

100.9805 0. 70 15 7. 18 ~ 1 1. 83 
101.9909 0 0 56 157.9698 0. 47 

Appendix B 

,.1 

ASS P.EL I' I 1,85 P.Et. 1\1 
KJ;:;S HEIGHT "JISS HE !CHT 

158.95~7 0. 72 25•1.9117 0. ~] 
159.9560 0. 52 ~5~.9943 0. 60 
160.9559 1.)7 259.9704 I) .49 
161.9704 0. 80 160.9620 1.02 
162. 984] 0. 9) 2~ I. 9915 0.88 
16).9856 0. ~9 262.9880 0. 54 
16 4 0 969 ~ 0. 46 261.9816 0 0 40 
165.9648 0 0 )9 265.9501 I. OS 
166.9685 6. 20 2H.979l 0 0 96 
167 0 97 ]4 5. 84 ~6 7. 977 8 I. 91 
168.?8)5 1.18 161.0019 0. 81 
170.0824 0." 272.9664 0. 54 
171.040) 0. 50 27) 0 9~88 0. 70 
171.9846 0. 72 274.98 )6 0. 48 
172.9557 0 0 59 279.0777 0.91 
17l. 9827 0. 69 ~8).9715 0 0 41 
174.9750 0 0 7) 284 0 9570 0. 72 
177.00)4 0. Jl 285.9595 2. 05 
181.9867 0. 77 256.9729 1. 58 
18) 0 0)87 0. 58 297 0 9929 0. 91 
18). 971 s 0. 42 290. 9~98 0. 79 
185.0786 I. )7 291.9139 1.45 
185.9776 15. 20 292 .89)8 12.25 
186.9776 19 0 79 29). 92 27 4 .OS 
187.9628 ].)2 294 0 8799 9 0 99 
188. 975) 0. 4) 295.9054 l. 87 
191.9798 0. 4) ) 10.9796 2.65 
192. 96)8 l. 20 Jll. 9864 4 0 65 
19].9767 I. 25 Jl2.99l4 9.12 
195.0258 0. 96 Jll.9989 ). 94 
196 0 )812 7. 87 114.9979 7.14 
197. JOSS 9. )4 )16 .0017 1.91 
197 .99)1 2.17 )17.0092 0. 44 
205.0149 0. )7 )40. 8814 0. 61 
210 0 0009 0.11 )48. 9)60 0. )I 
210.9656 0 0 84 170.6912 7.57 
211.9566 1.14 )71. 7116 I. )5 
212.9666 9 0 71 )72. 708) 14.99 
21J .9742 ) .l5 )7). 7260 2.)) 
214.9829 0. 71 )74.7261 7 0 5I 
22) .012) 0 0 84 175.7496 1.19 
2210 98)2 0 0 41 HO. 9089 1.10 
224.9889 O.l4 )91.92)7 I. 52 
2)).0126 0. 4) _)92. 9085 100.00 
2JJ.9078 I. )4 )9). 9120 2). 92 
2)4.9225 0 0 79 )94. 9056 99. OJ 
215.9197 1. 61 )95 0 9051 2l.H 
2 J 6 0 9482 1. 09 J96 0 9048 2. 75 
2J7.9728 0. 42 408 0 8257 0 0 )9 

241.9742 0 0 58 410.864) 0 0 41 
242.975) 0. 51 418.7684 1.04 
247.9806 0. 52 420 0 7706 0 0 97 
248.9650 0. )7 

249.9867 0. 52 

5.6ES 

5. J ES 

5.0E5 

<1.7E5 

4.5E5 

<1.2ES 

J.9ES 

3.6E5 

3. <I ES 

).lES 

2.8E5 

2.5E5 

2.2E5 

2.0ES 

1.7ES 

1. 4E5 

l.lES 

8. 4E4 

5.6E4 

2.8E4 #-~ ••• 

O.OEO 
m/z 

B20 



21. 2,4-dibromo-3,5-difluoro-6-[2-( 4-fluorophenyl)ethynyl]pyridine (35) 

Hane:Hadjar Ion Mode·EI+ BS-Apr-BB 17·26 

~FS 

Sc~ 200 400 6e0 800 
HB0691 1307 ( 21.785) 

100 

H90691 1)07 (21.7951 

Mass R<!! 1 tnc I 11ass rle"l tnc I Mass Rel [:lC 

1200 

I Mass Re 1 t nc 

26 0.~4 90 0.2l 146 2.89 201 0.72 
27 0.71 91 9.12 147 5.84 202 0.)5 
28 2.15 92 ~.87 148 3.20 20) 1.59 
29 0.05 9) 6.25 1H 1.78 204 25.41 
H 14.14 94 3.59 150 1.)) 205 19.88 
32 0.92 95 1.25 151 0.)7 206 2.)9 
)) 1.42 96 0.37 152 0.79 207 0.)) 
)5 0.15 97 1.02 15) ).79 208 0.08 
36 0.61 98 4.30 1H 6.20 209 0.~0 
37 0.8) 99 6.71 155 9.43 210 2.39 
)9 1.68 100 3.02 156 4.71 211 11.78 
)9 2.77 101 0.78 157 2.33 212 7.07 
40 0.18 102 6.92 158 0.59 21) 0.92 
43 0.08 103 4.65 159 2.04 215 0.29 
44 0.70 104 4.10 150 2.84 216 0.11 
45 0.85 105 6.30 151 ).69 217 0.14 
45 0.44 106 4.92 162 7.79 228 0.09 
48 0.08 107 1.45 1&3 1.23 229 3.18 
49 0.50 108 0.58 164 0.50 230 4.87 
so 4.35 109 ).07 165 6.66 231 86.07 
51 2.47 110 4.76 156 2.32 2)2 12.45 
52 0.27 111 7.43 167 5.89 233 0.91 
55 1.19 112 4.15 168 0.74 235 0.06 
56 2.02 11) 0.5) 159 2.16 240 0.11 
57 8.40 115 )8.52 170 0.)5 242 0.1) 
sa o.s4 117 J.H 111 1.29 244 o.J9 
60 0.10 113 4.45 172 1.51 246 0.72 
61 2.ss 119 1.40 173 s.JJ 248 o.n 
62 2.37 120 O.H 1H 3.02 252 0.08 
63 2.13 121 0.50 175 0.41 253 0.11 
64 0.)4 122 2.68 175 0.80 254 0.10 
57 0.77 12) 3.91 177 0.)) 255 0.11 
'58 2.04 124 ).59 173 1.19 260 0.12 
69 2.60 125 1.19 179 0.77 "262 0.10 
70 2.96 126 0.27 130 5.84 264 0.07 
71 0.25 127 1.14 131 9.48 265 0.15 
72 0.17 128 ).)8 1a2 1.4) 256 0.08 
7) 0.93 129 5.12 13) 0.32 267 0.14 
74 8.50 130 5.34 134 2.)1 28) 0.)7 
75 3.64 1H 6.76 135 7.84 284 0.55 
76 2.00 1)2 1.45 195 10.76 285 0.40 
77 0.62 1)) 1.02 187 2.)6 286 0.52 
78 0.40 1)4 ).4) 188 0.44 287 0.06 
79 3.19 us 7.3) 139 0.18 290 0.41 
80 2.14 1)6 4.41 190 0.31 291 0.7) 
81 9.48 1)7 1.09 191 0.79 292 0.51 
82 l.ll 138 1.50 192 1.64 293 0.68 
83 0.49 139 0.31 19) 5.53 294 0.11 
84 0.59 140 1.82 194 5.79 )09 1.40 
as 4.46 141 2.59 195 9.43 llo s.Js 
86 17.8) 142 3.64 196 5.58 lll 2.57 
87 4.41 14) 1.63 198 0.49 ll2 6.25 
88 1.45 144 0.19 199 0.51 )1) 1.14" 
89 0.60 145 9.73 200 11.53 314 0.13 

... -- .................... - ........ + .... - ... - .. - .......... - .... -- ..... - ........ - .. - .......... - .... - ........... - .. - ... - ... - .................. . 
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4997L 
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................................................................. 
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22. 4-bromo-3 ,5-difluoro-2-( 4-fluorophenyl)-6-[2-( 4-fluorophenyl)ethynyl]pyridine (36) 

_Hane:Hadjar 
HB8721 
tee 

HB8721'1727 (38.785) REFINE 
tee 

%FS 

Ion Mode:EI+ 12-Apr-88 13:46 

-4 9 

-428 -432 
'/ 

.<:~8e9s.<:~ 
TIC 

ttt 

9728 

e~~~~~~~uu~~~~~~~~~~~-r---.----~~~~~~~--------.---~~----~--
M/Z 2se LJSe 

--------- .... -----------------------------------------------------~----

HB0721'1727 (30.785) REFINE 3728 
------------------ +------------------ +----------------- -+--------------------
Mass Rel Int I Mass Rel Int I Mass Rel Int I Mass Rel Int 

------------------+------------------+------------------+--------------------
20 3.21 81 7.65 128 1.78 206 10.44 
26 3.04 85 5.06 129 5.35 214 39.31 
28 14.4 7 86 4.98 134 3.04 215 19.08 
29 1.73 87 5.02 135 7.57 284 6.66 
35 2.84 88 2.84 136 3.54 286 4.69 
36 9.95 92 5.47 141 3.50 302 4.28 
37 4.77 93 6. 91 14 4 8.88 303 5.35 
39 5.02 94 7.94 145 36.18 304 6.95 
44 1.97 95 3.74 146 6.70 305 4.40 

47 3.17 98 7.20 14 7 4.77 311 4.07 

50 11.68 99 8.26 154 4.65 322 4. 56 

51 6.33 100 3.13 155 16.45 328 3.45 
57 13.32 104 3 . 4 1 156 3.62 329 14. 64 

61 6.21 105 6.00 161 2.08 330 7.44 

62 5.55 110 3.70 162 3.62 331 7.94 

63 6.33 111 5.14 164 2.58 347 4.36 

68 6.33 112 3.33 165 6.70 348 5.59 

69 7.69 116 6.50 173 4.89 349 8.63 

70 10.69 117 3.25 174 6.62 350 8.31 

73 3.99 118 6.99 184 5.35 428 24.18 

74 9.54 119 3.95 185 46.71 429 100.00 

75 6.74 122 1.54 187 6.41 430 21.55 

79 4.07 123 5.43 204 91.45 431 97.37 

80 2.03 124 3.78 205 89.47 432 2 3. 3 6 
------------------+------------------+------------------+--------------------
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23. Synthesis of 4-bromo-2,6-di[2-( 4-bromophenyl)-1-ethynyl]-3,5-difluoropyridine (37) 
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24. 3,5-difluoro-2,4,6-tris[2-( 4-bromophenyl)ethynyl]pyridine (38) 
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25. 2,6-bis[2-( 4-chlorophenyl)ethynyl]-4-bromo-3,5-difluoropyridine (39) 
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26. 2-(2-chlorophenyl)ethynyl]-4-bromo-3,5-difluoropyridine ( 40) 
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27. 4,6-dibrorno-6-(2-(2-chlorophenyl)-1-ethynyl)-3,5-di Ouoropyridine ( 41) 
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2.9. 4-[ 4,6-bis (3,3-dimethyl-3-silabut-1-ynyl)-3,5-difluoro (2-pyridyl)]-2,2-dimeth 1-2-
silabut-3-yne ( 43) y 
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30. 3 ,5-difluoro-2,4,6-tris(2-phenylethynyl)pyridine ( 45) 
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l. I 5 
0. ~0 
0 .l4 
0. 62 
0. 61 
0. JS 
0. 41 
0 .l4 
0. 64 
0. 59 
0. 69 
0. 61 
0.32 
1.14 
0. 42 
0. 40 
0. 72 
0. )1 
0. 40 
0. )4 
0. 40 
0. 52 
1.29 
0. )4 

0. 62 
0. 46 
0. 65 
0. 42 
0. JO · 
0. Jl 
2. 62 
0. 57 
0. 69 
0. 92 
I. 16 
0. 8) 
I. 00 
0. SJ 
0. )6 
0. 45 
1.43 
0. 68 
0. 41 
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ABS 
~.ASS 

149.07~1) 

1 so. 0811 
IS I. 0989 
I 54. 18!6 
1 ss- 146) 
1S6.1SH 
157. Jaa9 
159.09~1 
I 59. II SO 
160. 17a4 
161. 1292 
162.0817 
16J.IHJ 
164. \9 J l 
166. 1606 
167.1071 
L6a.09H 
169. l ~ ~ 2 
170. l 561 
171.1509 
172. 18Ja 
17).2142 
l14.\0a7 
175.07~5 
176.1560 
!17 .1970 
178.1398 
179.1566 
180.1998 
181.1541 
182.1705 
\8). 1859 
184.\479 
185. 10]9 
La6.0716 
187.0635 
188. 0)64 
192. 1752 
L9 J. 1 a 12 
194.1241 
195.2940 
196. J 157 
197.2127 
198.06~6 
199. I J 16 
~00. OHO 
205.2547 
206.2555 
207.4727 
20a. os:1 
209.0191 
210.0059 
211.009) 
212.0090 
21 J .0272 

REL i\1 >.35 
HE I•~HT HA55 

0. Sl 2~9. 0110 
0. 57 2)).9917 
1).4] lH.9992 
0. )6 2 J6. 002~ 
0. 82 2J7.02H 
0. 87 2H.Oil7 
l. 09 2JS.?9SO 
0.74 : )9. 9955 
O.H 2~0.9965 
0. )9 242.0122 
0. 74 2~). 0210 
0. 66 244.0199 
0. 41 Ho.99SS 
0. JS 2H.01H 
0. JS lH.0087 
l. 19 250.0125 
1.75 255.0061 
0. 71 ~56.0101 
0. 77 257.0414 
0. 7a 258. 002a 
0.0 25d.9978 
0 .6) 260.0049 
1.12 261.0240 
0. 59 262.0271 
0. ]7 26). 0045 
0. 40 264.027 J 
0. )) 26S.OOH 
0. 64 266.0064 
I. 2) 267.0\H 
I. 48 26e .u22s 
0.72 269.0\68 
\. )l 270.0)18 
l. 10 271.0187 
0. 77 27l.Olla 
2. 40 28l.Hl6 
2. 62 285.0008 
0. 69 :!86. ooos 
l. 09 2a7. 006S 
2.01 "ad. o 1 ~o 
0. ~8 299.0199 
0. Sl 290.0057 
2. 57 291. 002) 
2 .ll 29~.0104 
0. 96 29).0095 
0. 72 294. OilS 
0. 4S 295.02)] 
I. 48 293.02H 
4. 22 )08.99]5 

2). 07 )09. 9984 
8.70 lll.OO 1 j 
0. 4) ll:. 0097 
0. 49 Jll.OI90 
0. 6) ll4.0l96 
0. so ll s. u26 J 
0. 60 )15.9811 

5 m/z 

H:L 111 ASS PEL 1\; 
HEIGHT MA$5 HEIGHT 

0. ~6 JJ6 .OOSJ 1.01 
u. )) J J 7. oo;o ~. r; 3 
o. ,;a lld .0099 l.J:: 
l. 2 J Jl9. 0 I~ l o . .;1 

44 HO.OIOS o. Sl 
. 99 341.0167 o. sa 
4) )4 ~. 007) 1}. 57 
sa Hl.OISa 0. ~ ~ 

0. 42 ]44 .0204 0 .ll 
0. a4 346.0084 0. )4 
0. )9 )47.0127 0. 45 
0. )0 Ha.0161 i) .70 
0. 59 l49.01H O.H 
0. 76 JS0.029J 0. J J 
0. SJ JS-1.0117 0.]1 
0. 41 ]59. 0019 i).) ~ 
0. 84 J6i) .0143 o. o4 
0. )\ )61. OL 54 o. a J 
\). 7) )62.0194 l. 06 
O.H )6).02)9 \). 6~ 
0. l5 364.02 )2 0. 60 
I. La )65. 0154 0. 61 
0. 86 366.0267 l. 52 
0. 81 )67 .02)1 I.) 1 
0. )0 J6a.OJJa I. 61 
0. )\ )69 .029] 0. 75 
0.) 1 J10.0HS 0.)4 
l. 77 )71.0120 0. ]) 
1.2.6. J12. OOH 0. 51 
2. o't )7). 0210 1.27 
0. 86 J14.0L7a l. 09 
0. 12 )75.0242 0. 98 
0. )) )16 .02aS 0.19 
0. l5 )84 .0089 0. 65 
0. 91 )85.0055 0. 92 
l. OS 186.0167 ~ .01 
6. 19 Ja7. 0179 l. 65 
1. a~ 388.0160 1.21 
1.7) ]89. 020" 0. 77 
0. 48 )90.0127 0. 40 
0 .ll 391.007~ 2.24 
0. 41 )92.0122 2.-l.a 
0. 57 192.9647 14.06 
I). 85 39l.99H 5. 9l 
0. 51 ]94 .9)17 9. oJ 
0.44 J95.9S6d ).17 
0. )0 )97.0051 0. 79 
0.34 )98. 0112 0. 54 
0. 8) 408. 994) 0. )7 
l. )7 410.0149 •).1! 
l. J8 4ll.0225 ~. 69 
2 .OS 412 .0)82 6. IS 
I. 16 413.0442 11. ,;s 
6. 90 414. 04)9 1 l.17 
2.21 415.1425 Luo .oo 

B30 

~ .. ~ .... 



31. 3,5-difluoro (2,4,6-triphenyl)pyridine ( 46) 

FiTe:H"ECT5T_::T1clenf :·Tg·_-~y:> -1_5--r-fer-beT o:·2-')i\Tq~O-.:DEC- 2000 l<I":51F,11- -1--0: <D C<tl: Pt-K:__:l"il bttlio··---· 
AutoSpec El+ Magnet BpM:3<13 Bpi:4G5920 TIC:2121J<102 fLMJS:IIid.L 

File Text:Hadjar 
100 3 3 _ 4. 7 ES 

95_ 4. <I ES 

90. ~ 4 . 2 ES 

85_- - <1.0E5 

80_ ) . 71::5 

75 .3. 5E5 

70 _).JE5 

65_ .. J. OES 

60_: 2.8ES 

55~ _2.6ES 

so_ ·. 2. JES 

4 5~ _2.1ES 

40_- _l.9ES 

3 5_ ~1.6E5 

30: 1. 4 ES 

25 1. 2ES 

20~ 

5 

9. JE<I 

7. OE4 

4. 7E4 

2. JE4 

O.OEO 

15_ 
267 

238 ~ 1 57 77 149 17~220 1 

Ld.i .. I 10 1 12 0 I t;J2 18 9 
2 

6 3 0 1 
3 2 2 

0 : .jlll~~~h"1~~4!ul • ~ ~ lj!!l,-,1 r'r-T-r"t---r-+-r-r.....--r-r-r~-r-r-r--+--
6 o 8'o 16 6 -12 o 14 o 1 o 1 o 2 o 2 o 2 4 o - 2 6 o 2 o 3 o J o 3 4 o 

10_ 

1\~S REI. 1~1 "B!' ~F. I. 1\1 AOS H~l. 1~1 Ans REL Itt 

IIASS IIEIGIIT I-tA~~ liE I GilT HASS lll::lt.;lfT HASS llt::h;IIT 

46.0 I ~6 0. )7 110.001 s I. 10 170.9HO I.~) 248. 1~48 0. 87 

46.981S 0. )~ Ill_ O~B4 I. S I 171. 7S09 4. I J 249.1~07 0. 46 

49.0012 I. ~4 11 ~.I :-1H 0. ~6 172.826S o.n 2SO. I J J9 0. J I 

Sil. OJ JO I. 10 II J. 08~6 0. 66 17 l. 916 I 0.-14 2~1. I Jl~ 0.) J 

S I. 0)80 2. 98 114.0 I S6 0. S4 17S. 1081 O.H 26 ~. 14 7 B 0. JS 

SJ.0489 0. 66 II S. I 04S o.n 176. 1228 0. 4) nJ.I40A 1.19 

SJ .0~97 0. 60 117. 081•) 0. J9 177. I Sl J 0. )6 264. 1460 I. 9) 

54.0676 0. )8 118.0~17 0. 4) 178- 14)7 0. J6 26S. IS JS I. 68 

SS.0787 2-74 119-0487 I. 4S 181. 1107 0. ss 26~. 16)8 7. 28 

56.0870 I. 6~ 1~\I.OtJW ~. 21 182. 1194 0. Jl 26'1. I'll s 16. '12 
57_ 09SS J. 6S IZ0.97H 0. 96 I 8]. 1l2S 0. 44 268.1718 ).·H 

S8 .IJBH 2.01 1n.o-tt~ o. S7 186.0927 u. )6 26?.1670 0. SH 

S9. 0780 J. 02 122.99~4 1. S7 187. 1082 0. S4 210.1651 0. JS 

60. OSJ2 0. 71 121-9410 0. 67 188. 1094 0. 71 27S. 1610 0. )7 

61. 04Sl 0. 4J 12~. 0~~ I 0. 89 189. 1214 I. )6 276.169~ 0. ~-1 

6 J. OS4 4 0. ?I 11~. 970) 0-64 190.1176 0. 6S n7.1611 0. )~ 

6S.0710 0- so 127. 1001 0. S2 192.1041 u. 40 28!.1707 0.10 

67.0892 0. 91 118.072 I 0. )7 19 J. I 014 0. S.l 288. I S40 0. ]7 

68-0956 0. 49 129.06)~ 0.0 IH.ll9l (). 66 291). 1704 0. l'> 

69.0988 I. 81 IJI.084~ 0. S6 19S. 1247 0. )9 292. 1671) 0. )1 

10. 1074 I. OS I J I. 98 J2 I. OS 196.1506 0. )6 294. 1718 1.14 

71- 1219 I. 8·1 IJ2 .9701 I. 19 199. II 57 0. 70 29S. 1759 o. as 

7) .0149 0. 66 I)). 6116 I. 2S 200. 1211 0. 71 296. I 8 I~ 0. f1~· 

H .OS62 0-84 I JS. OS26 0. 97 201. 121) 0 _ 6S 297. 18 )6 0. ss 

7S. 0609 0. 96 I )7. lilt\ 0. S7 202. 1401 0. 48 J01.17H I . ~~ 

76.069) I. 08 I )7. 9~tlJ I. 06 20S. I J6S 0. ~I )02. 17;6 ,, . 0) 

77- 079? 4.)0:, 1-18.91-1"1 Q. 74 201. 1 ~11 0. 70 JOJ. I H01 ''·'''J 
78 0»·1) 0- ~8 I ~0. ?'I;'J U. S2 20R.tl49 u. Jl )\14. I'JI A t\.•1', 

79. O?S6 0. S4 141.917: 0. )6 209. I ~2? 0- J~ ll·'- p;s1 0 . . ,., 

81 .IOH 1.2) 10.081Q 0. 84 212. 116S IJ\6) ) 15. 11 ~ ~ Q. ll 

HLillS 0. ~~ t ·IJi. t'~::n I. OS 2 I l. II '14 " ~I J I'•. 17 )~ 1.0') 

~ J. I l9 l I. J7 1·1•1. ')H'JU II. 80 21-1. I ;:9~ ". 'JI1 .1 I 'I. I ?n7 0. 1» 

8~- 044 2 I. '10 I 46. tll ~'J O.H 216 .12?1 I). )6 J I?. I fill 0. 0
JI; 

as_ 1441 1.17 141.0JS8 0. 94 217. 1221 0. 44 J20. 1766 l. 14 

86.0167 1. 01 1-17.9189 l. 16 218. 1279 I. 67 )21. 1866 I ,,;:! 

87.0718 0. 69 149.04:) 4. 09 219. I )f,O I. 67 122.1898 "' 
88. OS81 0-40 I ~0 .ll·l•lH I. OJ 220.14)0 ).4) )2). 191 s I .1: 

&?.0878 0-48 ISO. 'J"Il~ I. 71 221.1)'/J I. Ol )24.21)0 I. IH 

91.0996 0. 8? 1 s 1 _as J ~ 1. 16 ::!=2. 1·1~5 u. 47 l 2S .11? ~ ..:v 
9)- 084 6 0. A~ I SJ. 979l 0.7S 22). 1680 0. 6 I 126. 20S6 0. R~ 

94. 04S J 0. 8) 1 ss. 0)7 J 0. 86 22S. I )61 0.61 )27 .18)9 0. )8 

9S. 1010 I. 07 I S6 _ 094 2 0. 42 226. ll48 0. 78 JJ9 .1777 f). )0 

96. I 166 0. S I I 57. 029·1 0. 86 227.1416 I) .14 )40 .1911 I.~~ 

97. 12 J I I. J\1 I S-7. 9S 14 0. 74 228.1S60 0. JS HI.19S2 I .02 

98. 1170 0. 89 1;8.9177 0' 46 2)6. 1222 0. ~8 )42. 21 ~~ 16. ~? 

?9.0975 0. 97 lt)t}.014'J I. 18 2J1. I ~7 J 0. 78 l4 J. 21 S8 100 ·'·"' 
I00.007S 0. 49 1~0.9~~2 2. ss 218. I )6 J s. 66 )44.2176 2S. ~2 

101. 1001 1.47 I~ I.&~~ I I. 8) 2)9 ,J417 2.12 J4S. I JB~ 8. ~I 

102.0974 0. 62 I~ l. O•'J-11 I. 16 H0.1471 I. 61 )46. 112S I_ ·18 

I OJ. 0902 0.1-1 I~ l _ 9S~ I I. 10 241.1506 0. ·II )47.090) s. '! ~ 

104 .08~? 0. 9ll I h;- I -~ ~· 7 o.n :!<1 J. 1 :!1') 0.42 )49- 0969 1.1•1 

105.0970 I. 21 I &7. lt 1 ·1'l 0. 49 1H.JJ(,J 0. '18 JS9. 1840 0. -1', 

106.0~97 0. s: 16& l\1).\ 0. S7 24S. 14 JO ]_ )7 373. I JlO 1)_1•1 

1()7. 0296 0-96 I ~9 _I I o>l 0. 62 246.14RS 2.24 J7S.IH7 0. J-1 

109. 1196 0. 91 170.01 )~ I. 17 247. 1472 0. 71 J8S.~fi8J (>.'II 

Appendix B B31 

·-......____, 

~~-. 



32. 2,6-bis( 4-methylphenyl)-4-bromo-3,5-difluoropyridine ( 4 7) 
F'ilP:iiB t.3l .: !(l•·n~ s:~_61-~ __ (~ l·ier L)·.::of-o.·zs·l\-cq:jCl-OC't-2000_lJ_:_•IT:Ij7 •l:r,r:; (;ll:PFi\ 2AOttoo· 
;\uto:-:;p•?C: El• !-l,:1c)ll•2t l'.p!·l:J73 l'.pi:lS5927()0 TlC:il'l7!j'JJ8•1 fl.J(f3:Hi\LL 

F.i.lf";? T<::';-:t:llc"lclj:tr 

1::'1 

AAS 

~)(_) I 

'/') 

'7() 

GS 

60 

55. 

50 

<1 s 

,,. 
_)_) 

HASS 

41. L14) 8 
4 J. 99 t 1 
so. 0~21 
st. 0281 
5c. OJS~ 
Sl .OH~ 
S7.0Jlt 
62 .OH2 
~) OJ\4 
64 . OJ6J 
6S 0482 
H n.~ 9A 

11\'IU 
lh. II \01 
1'1 .tiS 12 
18.095\J 
79.%85 
~ t. \l I J I 
81 9S6 J 
8) .04JO 
86.0111 
87.0S79 
88.012 J 
89.0~~8 
90.0669 
9\.0627 
92. OSJ 2 
9 J 0))4 
9A .tl20l 
99.04 )6 

100.0660 
\01.0191 
102 06:!-1 
\114 .IJ206 
lOS. OJ?J 
106.0741 
\07.0182 
\09.0809 
110.0474 
t 11. 04S2 
t12.1i1S 
til. t051 
l\).?694 
tl5.1~90 
tl6.1)148 
t17.al42S 
t ta ,r,111 
ll(j. l\60 
1!1) osss 

R~:l, Ill 
Ht:tl';IIT 

". S7 
.... 86 
Q. 7J 
I. S7 
0. -IS 
•.l. ) ~ 
0. ~7 
0. 7 J 
c. t 8 
I). ~9 

~. 4 I 
ll. 71 
1•.'.' 11 
tt.-111 
,, . 61 
0. l I 
ll. ~-, 

f). 8~ 

O.H 
0. JR 
0. Sl 
0. 79 
0 
\.7) 
1.21 
9. so 
O.H 
0. JS 
O.H 
0. '10 
0. 19 
0. 6\ 
0. )I\ 
0. )1 
n. 1: 
0. 5I 
0. ?6 

0. ·~ 
0. 4) 
0. 61 
0. S7 
0. 67 
I), )7 
0. J) 
t. )4 
0. 9] 
0. 68 
0. 6) 
I. 0~ 
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ADS 
HAS::; 

I~ c 11'.'1 
121 ,1)~0) 
1 c4. o~ J5 
1 cS. o,;•o 
12 b- 04t)~ 
127.0)01 
128. 1 ~:'8 
t 2~. t 9u•J 
I~'). 1:ll1.J ~ 
t J t .1)9"10 
I J2. 081 J 
Ill (Jo1'11 ,,,, tl\.'1 

II',, '''·' t )~. I I"~ 
\)7 01]2 
1!8 :9(10 
I 18 911 ~ 
t )9' 909! 
I H. llll 

t ·~. t 6 )6 
t J6 \H8 
\46.9978 
1n .9910 
149. OIJJ I 
I ~0. f) loS 
t s 1. 04"c 
1 s~. 09H7 
t s J. 0780 
ISS. 02td 
1~6.0JJ8 
I~-,. 0~87 

I SA .11'•:! ~ 
Jlj'} lU~1 

loU. 04~6 
If,: .al \R8 
II\ 1. OS 12 
164. 1191 
16S. 2S98 
166.11816 
16(,. 8 )64 
169 .o~s t 
t 71. t19• I 
1·1.:. 1 c79 
t 1 J. 0411 
17).%'•4 
t't ~~ . o.a., 1 
l'H,,IItd7 
17'1.•lHhl 

REI. 1~1 AB~ 

IIEI,;IIT llASS 

0. ~I 17R. tIt <I 
1.18 118.955~ 

I. 00 179.92-14 
1.12 182.0S89 
l.ll IBJ. 0829 
t.c2 184. I S24 
0. JS t 8~. )720 
0. 90 186.2214 
0. ~a t 87 .020) 
\.I) 187.8119 
1. sa I 88. 98So 
1.'>1) ~no_n.,~'i 

II. Ill ,'111.11',1•1 
II. h& ,!II~. tJh'J I 

I . b~ ::OJ.O"U8 
t.ll ~IJ.OSAS 

~. 80 ~~s. 11-115 
~. ~~ ~ 2•. or,5a 
O.H 227 .016) 
0. 67 cll.OSH 
I. 81 2n .o6sa 

-·-- 2 J J. 087 J 
I. )2 ~l8.0S84 
0. )7 ! )9. 0622 
0. 74 240.0769 
0. 78 14 ~.OS )4 
6. 69 !~S.06J6 
0. 96 ~J6 ,1]7 J t 
0. J6 ~n.os98 

0. 41 ~so.o~S9 
0. d6 ~St .0690 
6. 2 J =~=. 0681 
I. 2l ~s J. o&s7 
0. 61 2SJ. tlH IS 
0. so :s~.04 n 
:! . l s :56.0 J2) 
0. so =~-,. 0:1 J 
0. )1 ~SR. 0"/86 
0.1 ~ :''l9. QlJO·I 
0. 86 :?M).Otfl~ 

0. 41 :6~. OJ-I l 
0. J 1 26).1)~]9 

0. ss ~64. 0700 
0. 6'1 c&5. o1oo 
0. 70 :&o. O"~l•& 
o. sa 21>7 .1160~ 
s. so :,;~. 010-1 
J. ~0 ~-/0. 0~11\ 

7.12 ~ 71. tlh.!.t 

.1. 6 E7 

_1. 5E7 

1. 4 E7 

_ 1 . J E7 

.1.2E7 

_l. 2 E7 

_ l. 1 E7 

_l.OE7 

·_ 9. 4 E6 

· 8. 6E6 

_7.8E6 

7.0E6 

_6.2E6 

5.5E6 

_ 4. 7 E6 

J.9E6 

J.lE6 

2. )E6 

1.6E6 

7.8E5 

0. OEO 
m/z 

REI.. Ill AHS REI.. I'!. I 
III:IGHT liASS IIElt;IIT 

2. ]) 212.0708 \.J9 
I. 24 27 J. 0111 I. I~ 
0 48 214.094S I. 08 
0 78 215.07)2 0.14 
0. )6 276.0514 I. 16 
0. 7 t 217.058) 2.17 
). 42 278.0~00 I. 98 
9. OS 279. OS t 8 \.67 
9. sa :!1:10. 0:!9~ 0.1 t 
J. 86 280.974 J 0. J8 
0. 46 281.979 t 0. 60 
0. ~-, 282. ')8:!7 0. ~0 
u rl(, :.!H).'IIt'/1 (I _,., 
). ~2 :! 90. (J ~l-1.: 11.'1£• 
t. 28 29 t. 060'J I. 18 
0. J.l 2?2.06~) I . 89 
0. 14 ~? l. OR I J t . 81 
0. 80 294.0940 ~. '16 
0. 61 29S.0786 4 96 
0. J2 29~.995\ I .ll 
0. )5 ll7.9Slt 0. Jt 
0. J4 J 19. 9S J I 0. JS 
0. S2 llt. 9SJO 0. J5 
0. 49 J J J. 96) J 0. J9 
0. 50 )41. 9287 0. JS 
0. 45 )4).929~ 0. J ~ 
0. 48 )4 4. 916 t 0. JO 
o. s r: JS t . 9 ~ t 8 0. Jl 
0. 48 JS2. 9498 0. 62 
0. 44 JSJ. 9640 1. J9 
I. 28 )~4. 9) t 7 1. 56 
0. 8) JSS. 9411 2. J) 

0. 6 t J ~6. 91? J l.ns 
0. 57 H7.9JH ~.so 
0. 40 )~8. 9240 I .I)J 
0. )9 l59.9HI 1. Jl 
0. 41 360.9212 0. ~· 
I. 94 l68. 927~ 0. 4~ 
I. 19 J69.9JS8 1.)2 
0. 49 no. 879S t. J) 

0. ll )11.9627 19.H 
0. 82 )7) .0451 tOO. 00 
0. 90 )1] .9689 S2. J•J 
0. ~0 l1S.0489 ~9. 56 
0. )5 )15.9660 H.9l 
0 _)4 )16. 9211 J. 1J 
0. JJ )77.8?61 0.4 I 
0. )'/ 185.19\7 26 
0. S9 186. 147 J 0. 7ti 
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33. 3,5-difluoro-2,4,6-tris ( 4-methylphenyl)pyridine (48) 

80 

7 S. 

70 

65. 

GO. 

ss_ 
so_ 
4 s_ 
<10 

JO 

--------·-----

HS_USER: SPE_UEFAULT. L! S 20 ·DEC· ~000 
Listing of ta .... d~td (or · 

,.,,.-"~ tile HB 149 1 
<.;ata identifier 16-J Her De( 

. .l.xi:; dis'-'lay l"dnye i<_M.ASS (t1.0 
flurmo5Jising intf!nsity 6.:!218~f>l)f, 
O.Jt" tln'!Sh•.JI·J 0. )0\ of nc:.rrMI isinq 

liDS Rf.l. "I AOS 
MASS 11£JGIIT HA$S 

H . OS6~ 0. JO 169. ??~-1 
S I . OS72 0. ]) 170. A998 
6] 01: l 0. JS 111. M8S I 
6S 089S 0. 97 l?l.OSIS 
89. I OS~ 0. 46 17] 861)0 
91). 1128 0. )9 174. 9SS I 
91 .1222 l 09 11S 9291 

116 0 IS8 0. ]] 176 9ft? I 
118. 1124 0. )0 177 9tJAS 
I ~7. 2617 0. s l 181 . l)ljQ) 
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34. 4-bromo-5- f1uoro-2,6-di(3-nitrophenyl)-3-pyridinol ( 49) 

t- i lt:.>:-1113:_ l ·IS_·f- iclen-t: 3 7 _,10 -- 3_:8 -r~e r-·oeC 0 -_ 2 5 iv:·q: 2 7 -.JuL- J(fOT 16: l s·: l ·1 d :-r.r·c~-li:·rFt\=-2 JJULO l--------
1\utoSpec Eit r~c19net Bpt1:435 Bpi:l585664 T[C:l7012tJ3 11 Flags:IIIILL 

File Text:Hc1djar 
100 

95 

90 

85 

80 

75 

70-

65 

60 

55 

50_ 

4 5_ 

tiQ-

3 5_ 

3 0_ 

2 5_ 131 

20_ 

15_ 

10 

5 

0 

t4~-IJ~~f.l(: ..;n: .. Ot.:t·.:.uLl". Ll:; • 1·.11'1.· .:0•1 I I"'. 11 

l.tSlii .. J,i~:.,··;:J~~··:.~ ~-~!. ~ 
., .. r., a-hnltltd 11. ln- 1.11 H ... r , . ..,f •J.!'l 

A;.t• ,li~~·-J,ty I·UI-JO.: ,• .• II.A.~:i 1.&0 <,lo), tl~ 1) 0Uo 

11·7' r 1'1\d I 1 !o i lliJ lllC ·~~~~ 1 t·,· I . \It 0,1;"'[ • f}6 

l•.•t•l tho··::h··l-lu Jill .. j "'''""oli::ll .. l lfli•.II!Oit)' 

l I . •h)·~.; 

~;. :~! ~~ 
ll.'J .. !:'l 

_. .. tll)H1 

n '1.;H
""'. ~J~-, 
lo! ·•'n''1 
l?.':"!f.l•l ':Ill,.,.,., 
,, ''"·'" 
~;: '} ~ 1 'I 

:·>::~~~ 
~; :.:! ~! 
l.ll 'f 1 ~ & .,, ~ , .. ;. 
·.: 'llfH, 
... ) ._,,., .. 
._., 0107 

~~ .:~~-~! 
~ ~ 4; I I' l 
t. '.' . 0) ..1 ~ 
"ltJ lt!ltl 
'I I •' ~l': 
,, .. ·;lh 

It '':111.: 

:r '':"'" 
'" 1.!11 
I~ ~biJ'J 

•'1.'111:: 

~·~ ::~~ i 
~ ) ··· .... 
~ ., :,)1 i 
., ~ . '!'··~I 
·1.0(•0,.:: 
~ I "'J In ... ,.,,,.:: 

. \11" 
1\ •'~ I i 
·.-:.t•,!ll 
'1!.1.:'16 
O..I.•H'l' .,.., ..... ,j 
"•i. lv I~ .. ,_ ....... 
_,f_·,lH 
··.• .... ,.:: -~ 

10•)••', ... ') 

f. t~l I I ; 
tu z,;ur 

.: l•d \,_ .. : 
1.\lo 
I . -~ •, ..... , 
n ~: ....... 
·; ·;~ 

'" ll"•l ...... 
I 'JV 
•·.'•1 
'J '>d 
0.1! 
u Jl 

:! "' .1.01 
I I! 
.!I, 
0" 
0 ~I! 

0 t.. ~ 

I" I .;1 
:" !t"t ,,_ .... ,, 
.. \.1 
\.<..: 
~ . 11'1' 
.: . .,: 
•) ''~ 
0 ,, 

::. ~ J 
') ~') 

).Cf•J 
1.11 
::: R·J 1,. 
I'' :! ~ , 
I Yl 
1.)8 
:.ll') 

:: ~~ 
).69 

I" 1).111 
rl 110 ,_, ... 
;,)•J 

1.?·· 
L(t-1 

.&.1•:; ~ t:L I~ I 
HA~~~ liE I• ;r1T 

\}t) .!IFI·• 
I ltJ. ?~ Jl 
1)1.9111"t 
11).1/l)l'l 
1}1.91141-o 
IH •l•H: 
1)._,,-.lflltl 
1 n ,,,,~ 

:~~-~~~~ 
IIIJ.O:!hl 
141.1)P6 
II!Ot:.lt; 
1..11 ,.,.:., 
\H.IO'oo) 
I~., .tJ l :"I 
IH o.,a., 
IP.I}C,bl 
\.IA.On')1 
J.afii.'Hn 
149 '1411 
l'oi.O'HII 
IO..LO'HI 
l\1:1)"1..: 
I'J-1\)ltO'J 
,.,., o~n 

:~~ -~~~~~ ,..,, .... ,., 
,., 14 •• ., .. ~ 

l(,lll/t4.tl 

lft\.0:!'''' 
lb.!.tl..lblt 

::L~~:~ 
I r.ii . I 0 ~1"1 

:~:-~~~~ 
l'ltJ.O'•'~tl 

tli.•J'I"'l 
11 ~ I) II,, 
l'/}uP"t..l 
1'14.•)f))J 
IH.O.!~~ 
I H, . f) ll)~ 

111.1011 
llll.ll'J:•J 
11!'.1)1W 
ll9.'J')t1? 
180 :pc,p 
IH:!.IttJI) 
18J.tl..llol 
18-l.ll''f 

.. ,,, 
.!'>.::'1 

•.. \fl 
I . ~. tt 
0.8.! 

:~:; ~ 
I 14 
O,'JoJ 

0 " 0. ~6 
li.H 
•I 1!1 
Ill 

:: ~~ 
I Hl 

~:~~ 
I .0 
l.l'lo 
1.:!1 

0 " U.')l 

I.Q\ ,_,, .. 
! ~<I 

:-10 

'·'" l.t\'1 

I I! 
IJt.lf 
u_q, 
0'14 
O.t,J 

~: ~~ 
1.1'' 
1 u• 
l.lrl 
l.tt\ (,,,.., 
0 .. 
I 70 
ll'!' 

~- ~i 
l.ll 
l.lto 
t') tid 
I.H 
:.1'1 
.::.v:: 
I.IU 

Appendix B 

233 

... 11::> PLL 1•1 
H.JroS~ m:lo;uT 

~ll.1"U 
~ 1 t. <t611 
:111.!1:!1 
:11.0".,"' 
!II.'UJ':t 
:!IS.'P96 
.!1'f.4111':t 
:!21).'1911 
!11 'Jill 
!!I.UO:!I 
2!).'J9t)0 

: ~ .. '""., 
;: ~ ~- ";:,..., 
;: 16. If~-,) 
~ ~ J. ').ll s 
1 :a ,~,J 
!:'1.'1118 
;: )tJ. q oil~ 

!11."1'f) 
::!)!':lllrJJ 
:!)L<:t'lll 
!J.I.'f"U 
:n .. Hn 
!P OIJI 
.:n '.llll 
~ 1 r1. ''I I I 

~E·~E! 
~~I. 'ftHI<t 

~~~-~:~~ 
.: ~ ... -? 9 61 

~! ~ :;~·: 
:n.':'.-1111 
.!\1 ('It).(\ 
:'ll.O!J\ 

~~:.; ~;~ 
:.,, '!lb'J\ 
!')11,,1'1..1 
;H ~HJ 
hi) qlll:! 
~ b I '~' :r) 
!t.:!.),8U 
:t..a.00\6 
:6.&,,'\fd 
!':i\.9-hH 
:!60.1::~8 
!61.iU'f 
:1J.,tJtJ1 
:n.9').t<t 
!11,\)0!i: 
:H.oo:: 

J 01 
1.09 
0. ~\) 
0.11 
U.H o_,, 
;:,tt, 
) :r. 
~. ~~ 
0 .. 
0.\0 
1)_11 

0" 
0- ~ .... 
O.P 
l.!l 
:.n 

H.61 
;:':.9\ 
Ill '>1 

: '" I . ~I 
1.:·> 
._, :1 .. 

t.' •• 
~. 10 
\i61 
ll .. ~ 

Ill 
0" ,, ~: ,, .. 

ol 
10 

" .. 
;o 

" "' " ., 
•o 

'" I" 
~: ~t 
1),\.) 
,)_) .. 
'J. H 
U.ll 
0 ,, 

i. ~ ~ 

4 5 

341 

387 

ABS r.t:L I~ I 
tvoSS IIEI..;ttT 

)lb.891) 
120.9011 
J~I.'IOH 

121.9118 
)2).9}61!11 

JH.98U 
J ~ '>. 'f I tl 1 
J:!o.9tl0'> 
}21.9001 
1)11.904) 
129.899) 
))0.90)) 

~ ~!: :~; ~ 
JP.9~1'l 
118 8'tH 
1J,_a'J19 
H0.9Ql't 
H1.8'f1l 
}-12.9016 
HI 'f06l 
JH.8'1}1 
).1'\.8)')8 
HI) H!'l 
HLh!~ 
J\1.9U6 

~~~ ;~:~ 
1'•'•'):,1'J ,., , . ~()') ~ 
J'llt 'tiOO 
I'•'' ')UJIII 
litU.'JllO? 
)br4.0o6'1 
IIi 8 't 1'1 ~ 
)t.'1.'1Hl 
}1 IJ. 't ~ 1 b 

~~~:;!~~ 
111.9..18) 

~·:~: :;~~ 
)Jill tJlf21 
)rf:!.Oirh 
)1!),f)tf8t) 

)8.t.Od0l 
hl') 00')0 
J8L8'Hl 
h6.898'l 
)8'1.!19')) 
)811.11,16 
Jtl't tl'Jill 
)'h).d'}'JI 
1~1. 1t!61 
)'JJ.II(t) 

-" 
" ,)1) 

·" .00 ... .. 
·" '" ... 
-" - ~) 

" .. ,, 
-·· - 1 ~ 

''" " " 1> 
. 80 

-" 
" .H) 

" -" _,:, 
U•1 ,., 
" ."')1 

-" 
" .. 

•• 1 ... .. 
uo 
)I 

" .II ,,. .. 
01 

-" .10 ... .. 
·" -·· _,, 

" 

1•'1 ••I;C, 
1•'.:.1!1."-J 
1•.\_t ;;I) 
lf'lt,f>.''-! 
1'·1.)1!11 
1 c~. IIJqr) 
lf)l.lnrlt; 
I('~ fl".l-4 ~:~ 

)("':,' t)A':':! 
11'•.('1"11 
Ill 0 t"~ 

11: "''"'' 
ll' "'!"' ... 
II' fl);! 
I I 't. ~~I 'a ,, .. _,,.,_, ,,,_,., ... . ,, ... , .. . 
II",,.,,,, 
1'• ;.;:tl 
1:1 ,, •.••• 

1:.• 
I ; ~ ': ..... 
1.'1 .,,,,e 
a:·: 
t> ·•::: ~ 
1:1•1111 
1 : ~ ·II :~ l 
1:·· .. , .... 

Ill 
1.-1: 

-~. -~ ~ 

r\_110.. 
I,_., .,. 
I 

I' 

I •I 

" ., 
I.,, 

I" 
I I' 
I 
I II 
I ., 

; ~ 

I 
I" 

I:,; , ':~ ,.; 
I ~; '"" .. 
, ... '11J 
I'.'" :~I I , .. , ,.,.J , ........ ,, 
j·•! IH') 
1" ~ I I:' 
lq , ... q , .... 
I"' II'J ···: ::; :~ ·;·; 
:•'1 

. I '~ 

''"I 
•''1.' 

.'I" J 'I~ 

:tl 
:1: ,,, .. 

; . ~I 
.... 'i 
I )0 
t),J!l 
0.1\ 

:. ~! 
Oll 
Ln 
).)II 

l 01 
IJU) 
a- ~.., 

O.Bl 
010 

:: ~~ 
I I'J (1,_, 
''''l 
' .. 
) ..... 
'),ll ,_,., 
I :'6 

). ~" ,_., . 
'" I 10 

: ~" !) :.., : 
;11':1.1)(1(\7 

:!!0.?'11!'.' 
: "'. ~ .. , ') 
~ • .,. ':.'""l 
: ~ 1. Q !0') 
~ ~ 11. •ol• 
]II".~~~') 

;,o. ~"'~ 1' I. ?4~1 
;')2 "'ol'> 
:':' ... t'nzn 
~.,I!." 6: 
:?-:t.JO!.t 
lnt'.':'''l' 
J('l.f!oiiP"
J•l: !1""'0 ... ; ~. 
!O•.•''')I 

;~~ =~~~ 
'"•"··: 1('1.,.,,11 

\11'1 "~'~"I 

)II""Hi 
11 ~ • ? ,., 

::! . ~~~~ 
J I '• • "1 ~ 

].ll 
I.IJ 
t:~.H 

~: !~ 
o.n 
o.n 
0. ~l 
0. ~8 
0.81 
1),)9 

O.J2 

g: !~ 
0.')1 
0.1!1 

~: !! 
n ~o 

I" 
~. ;: 
Cl.lT 

'-"' I'' 
~. !~ 
Ill 
n" 

)H.O~OI 
,, .lOIII 
HI .01~• 
)'J8.11J, 
41}0.)tlll 
40\.109~ 

~0 2. '201 
40).7160 
40 •. ,..., .. 

.tO\. 'lO~ 
•o4.1t:a 
ULIIJ!I] 
H\ .• '!"\1 
H5.81'l0 4". ,~.,6 
:: ~: ~~~! 
411.~,-r~:. 
00., ... 2 
•H.Hftl 
4l2.11J7H 
11).8!1J! 
04,11'U 
0') • .,, 

~HI. ~'"i~ 
01.'J020 

1.6E6 

.1.5E6 

_l. 4 E6 

.1.JE6 

l.JE6 

_ 1. 2 E6 

__ l. 1 Eo 

.1. OE6 r 5E5 8. 7ES 

7.9ES 

7. lES 

_f). JES 

_S.SES 

4.8ES 

J.2ES 

2. 4 ES 

1.6ES 

7.9E4 

O.OEO 
m/: 

o II ... ,., 
1' ,. 

IOQ()O 

I ':1. ·~ 
1 ~() 
0 .u 

B34 



35. 4,6-bis( 4-methylphenyl)-2-bromo-3,5-difluoropyridine (50) 
TR 10 H:l00 GC-MS 
Nane:Hadjar 
HB1391 

93 

%FS 

HB1391 1373 (22.885) 
69 

%FS 

e 

Ion Mode: EI+ 

7}49 

Date: 

1373 

M/Z tee tse 2ee 2se 3ee 3Se 4ee 
. - - - - - - - - - ·-----------------------

HB l3 91 1373 (22 . 885) 4 3· 
-------------------..;...------------------+------------------+----------------

Mass Rel Int I Mass Rel Int I Mass Rel Int I Mass Rel Int 
-------------------+------------------+------------------+----------------

28 4.60 117 1.52 198 1. OS 253 5.54 
32 1.61 118 1.27 199 2.48 264 1.98 
38 1.30 119 2.21 200 4.01 266 1.15 
39 4. 3 6 122 1.19 201 4. 07 267 1.21 
.q 1.56 123 9.08 202 1.28 268 4.72 
47 1. 06 124 15.57 204 1.44 269 1.89 
so 3.77 125 2.95 205 1.87 270 2. 3 3 
51 3.25 126 1. 22 206 1.77 271 2.43 
53 2.27 129 2.23 207 1. 58 279 1.61 
57 3.36 130 2.76 211 1.68 280 1. 96 
61 1.52 131 20.75 212 5.01 281 1.67 
62 4. 3 0 132 2.93 213 7.84 282 1.49 
63 11.08 135 1.95 214 5.72 292 1.80 
64 5.90 136 1.42 215 1.89 294 1.78 
65 1.47 141 1.95 217 1.11 311 1.06 
66 1.40 14 2 1. 2 5 218 2.21 318 4.36 
69 100.00 143 1. 08 219 4.25 319 2.62 
70 1.46 147 1. 16 220 5. 72 320 3.46 
74 9.85 14 9 25.71 221 2.61 321 2.12 
75 8.20 150 75.47 223 1.87 329 1.77 
76 2.15 151 8.90 224 3.54 330 2.02 
79 1.52 152 1. 75 225 7.13 331 4.19 
80 3.38 155 1. 03 226 5.07 332 2.02 
81 6.96 159 3.30 227 1.53 333 2.92 
82 1.81 160 1.11 228 2.43 336 4.72 
85 1.55 161 24. 76 229 3.17 337 5. 72 
86 5.07 162 16.75 230 1. 92 338 1. 31 
87 2.76 163 2.54 231 4.72 34 8 2.62 
88 1.49 167 1.22 232 7.78 34 9 3.67 
90 2.87 168 1.93 233 2.23 350 1. 05 
91 1.15 169 3.18 23:7 2. 3 3 365 1.15 
92 4.66 173 1.25 238 8.73 415 2.20 
93 2.99 174 1.89 239 13.74 416 13. 4 4 
94 1.61 175 2.59 240 14.09 417 4.01 
95 7.02 176 5.66 241 2.98 418 12.15 
98 3. 3 3 177 2.27 242 1.83 419 2.06 
99 9.02 178 17.45 2;43 1. 4 3 428 5. 4 8 

100 5.37 179 2.77 244 1.52 429 1. 06 
101 1.11 180 5.07 246 1.56 430 5.13 
102 1.12 181 23.82 247 29.01 431 1. 00 
103 1. 08 182 3.30 24 8 5.31 434 4 .13 
104 3.83 186 2.71 249 2.42 435 1.81 
lOS 8.43 187 4. 83 250 12.56 444 3.01 
106 3.29 188 4. 07 251 14.98 446 3.13 
107 2.79 189 1.52 252 13.44 512 2.64 
110 1.74 190 1. 08 253 2.54 513 26.42 

111 8.08 192 1.44 254 1.12 514 5.54 

112 3.49 193 2.98 256 13.80 515 16.27 

113 1.55 194 2.86 257 14.50 516 2.77 

116 1.16 195 1.42 262 4. 72 
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36. 3,5-difluoro-2,4,6-tri(trifluoromethoxyphenyl)pyridine (51) 
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37. Mixture ofN4-butyl-2,6-dibromo-3,5-difluoro-4-pyridinarnine and N2-butyl-4,6-

dibromo-3 ,5-di fluoro-2-pyridinamine (53) 
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38. N2-butyl (2,4,6-uibromo-5-fluoro-3-pyridyl) amine (54) 
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39. 2,6-dibromo-3- fluoro-5-methoxypyridine(SS) 
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40. 2,6-dibromo-3,5-diOuorophenylpyridine (60) 
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~8 5.50 81 25.60 123 3.54 163 6.78 
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---------- --·--+----·---- --- ·-----+---- ------------- -+-------- -- --- ------· 
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1. 2,4,6-tri bromo-3 ,5-difluoropyridi ne (1) 

01 

8r1 

T::ble I. Cryst<ll data and strunurc refinement for Br2NF20C 13 H7. 

ldcntilication code 

Empirical formula 

Formula weight 

T ernperature 

Wavelength 

Crys1al system 

Sp;;cc group 

l.'n:t cell dimensions 

Vo:ume 

De:1sity (olcui<Jicd) 

Ah>orption codticit:nt 

F(CQO) 

Cnstal size 

111e1a range for da1.1 collection 

lnde.x ranges 

Re:lections collected 

Independent re!lect10ns 

Completeness to theta = ]0.36° 

Absorption correction 

Refinement method 

Data I restraints I rarameters 

Goodnes.~-of·lil on F~ 

Pinal R indices [I> 2sigma(l)] 

R indices (all data) 

Largest diff. peak :1nd hole 

Appendix D 

C 13 H7 Br2 F2 N 0 

39!.02 

120(2) K 

0.71073 A 

Monoclinic 

P2( 1)/c 

a= 7.4899(15)A 

h = 22. 206(4) A 

c = 8.6648(17) A 
1323.1(5) Al 

1.963 Mg/m3 

6.140 mm· 1 

752 

0.44 :< 0.20 x 0.20 mml 

!.83 to 30.36°. 

C£= goo. 

(\= 113.35(3)''. 

'( = 90°. 

·10 < =h < = 10, -31 < =k < =31, -12 <=I<= 12 

19375 

3736 [R(int) = 0.0707] 

93.6% 

Guaussian (Tmin=0.151, Tmax.=0.402) 

Full-matrix. least-squares on F2 

3736/0/172 

1.047 

R I = 0.0302, wR2 = 0.0714 

R I "" 0.0427. wR2 = 0.0758 

0.490 and -0.588 e.kl 

(J 

Dl 



T~hk 2. Atomic coordinates ( x IC/') ~nd equivalent isotropic displacement parameters (A2x 103
) 

for Br2NF20CI3117. U(eq) is delined as one third of the trace of the orthogonalized Uii tensor. 

U(eq) 

Br(l) 2849(1) 5572(1) 8405(1) 3 1( I) 

Br(2) 2410(1) 3781( I) 3894( I) 38( 1) 

F(2l 2058(2) 4843( I) 1588(2) 33( I) 

F(l) 2296(2) 6379( I) 5393(2) 30(1) 

C(9) 2144(3) 563..\( I) 3416(3) 20(1) 

N(l) 2545(3) 4771(1) 5873(2) 25(1) 

((12) 2534(3) 5353( I) 6212(3) 23(1) 

0(1) 3523(3) 6148( I) 1791(2) 30(1) 

C(ll) 2390(3) 4609(1) 4356(3) 24( I) 

((6) -1420(4) 63 13( I) 1466(3) 23(1) 

C(S) 306(3) 6464(1) 1301(3) 22(1) 

((<1) 324(4) 6953( 1) 290(3) 27( I) 

C(Sl 2081(4) 6103( I) 2107(3) 23(1) 

C(l) -3093(4) 6640(1) 607(3) 27( I) 

C(l3) 2318(3) 5794(1) 5016(3) 21(1) 

C(IO) 2201(3) 5025(1) 3105(3) 23(1) 

((2) -3091(4) 7126(1) -419(3) 26(1) 

C(3) -1344(4) 7283(1) -540(3) 28( I) 

C(l) -4959(4) 7459(1) -1391(4) 36(1) 

.,.~~ .. .. 

T<1bie 3. Bond lengths [A] and angles [ 0
] for Br2NF20C13H .:. 

!3r(I)-C(I2) I 884(2) C( 13)-C( 12)-Br( I) 120.14( 17) C(7)-C(2)-C( I) 119.71 2) 

Br(2)-C( II) 1.884(2) N( 1 )·C( 11 )-C(l 0) 122.5t2) 
C(~)-C(3)-C(2) 120. 7(2) 

F(2)-C(I0l 1338(2) N(1)-C(11)-Br(2) 118.11(17) CP)-C(3)- H(J) 119.7 

f-(I)-C(I3) 1.342(2) C(I0)-C(li)-Br(2) 119 36(17) 
C(2)-C(3)-H(3) 119.7 

C(9)-C( 10) 1.384(3) C(7)-C(6):C(5) 119 9(2) 
C(2)-C(l)-H(IA) 109.5 

C(9)-C(I3) 1386(3) C(7)-C(6)- H(6) 120.0 
C(2)-C(I)-H(I B) 109.5 

C(9)-C(8) 1.526(3) C(5)-C(6)· H(6) 120.0 
H( IA)-C(I)-H(I B) 109.5 

i\(1)-C(II) 1323(3) C(6)-C(5)-C(4) 119 3(2) 
((2)-C( I)- H(l C) 109.5 

N(I)-C(I2) 1325(3) C(6)-C(5)-C(8) 121.4(2) 
H( I A)-C( I )-H( I C) 109.5 

C(I2)-C(I3) 1.338(3) C(4)-C(5)-C(8) 119.3(2) 

0(1)-C(3) 1.219(3) C(3)-C(4)-C(5) 120.5(2) 

C( II )-C(l 0) 1.388(3) C(3)-C(4)-H(4) 119.3 

C(6)-C(7) 1.385(4) C(5)-C(4)-H(4) 119.8 

C(6)-C(5) 1.396(3) 0( I )-C(8)-C(5) 124.3(2) 

C(6)-H(6) 0.9500 0( I )-C(8)-C(9) 117.0(2) 

C(5)-C(4) 1.399(3) C(5)-C(8)-C(9) 118.74(19) 

C(5)-C(8) 1.471(3) C(6)-C(7)-C(2) 121.0(2) 

C(4l-C(3) 1.379(4) C(6)-C(7)- H(7) 119.5 

C(4l-H(4) 0.9500 C(2)-C(7)- H(7) 119.5 

C(7l-C(2) 1.399(3) F( I )-C(l3 )-C(9) 119 03(19) 

C(7l-H(7) 0.9500 F( I)-C(I3)-C( 12) 120.67(19) 

C(2l-C(3) 1.397(3) C(9)-C( 13)-C( 12) 120.3(2) 

C(2l-C(l) 1.510(4) F( 2)-C( I 0)-C(9) 119.4(2) 

C(3)-H(3) 0.9500 F(2)-C( I 0)-C( II) 120.7(2) 

C(ll-H(Ii\) 0.9800 C(9)-C(I0)-C(II) 120.0(2) 

C(ll-H(IB) 0.9800 C(3)-C(2)-C(7) 113. 7(2) 

C(l'-ii(IC) 0.9800 C(3)-C(2)-C( I) 121.6(2) 
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2. 2,3,5,6-tetrafluoro-4-phenoxypyridine (18) 

Tablt: I. Crystal dat:J and struciUrc rclinement for s56ncs. 

lth:nti lie at ion c,,,k 
':rnpirical formul:1 

Formula weight 

Temperature 

Wavdength 

Crystal system 

Space group 

Unit cell dirnensi•Jns 

Volume 

z 
Density (calculated) 

Absorption cnelf1cient 

F(OOO) 

Crystal size 

Theta ;~nge for d:11a colkctilln 

Index ranges 

Retlections colkcted 

Independent relkctions 

Cornplt:teness to theta = 29.99° 

· Absorption correction 

Max. and min. tnnsm:ssion 

Rct"tnement method 

Data I restraints ! para:n<:tns 

Goodness-of-tit on F~ 

Final R indices [I> 2sigrna(IJj 

R indices (all dat:1) 

Absolute structure parameter 

Largest diiT. pe:tk and hole 

Appendix D 

s56ncs 

c,, Hl F4 N 0 

243.16 

120(2) K 

o 71073 A 

Orthorhombic 

a= 5450(1) A 

b = 10.380(2) r\ 

c = 17.464(4> ,.\ 

987.90) Al 

1.635 Mglml 

0.157 rnm· 1 

488 

1.50 X 0.30 X 0.30 1111111 

2.28 to 29.99°. 

a= 900. 

13= 91)0. 

1 = 90". 

-7< =h< =7. -13< =k< =13, -23< =I< =23 

11358 

2664 [R(int) = 0.0379] 

94.7 % 

Semi-empirical from .:quivalents 

0.9544 and 0.7986 

Full-matrix least-squan:s on F 

2664 I 0 I 175 

1.025 

R I = 0.0375, wR2 = 0.1001 

Rl = 0.0388, wR2 = 0.1016 

0.6(6) 

0.321 and -0.198 e.A·l 

,-~--.. 

D3 



Tablt: 2. A10mic coorc!inates ( x 10"') and ~:quivalent isotropic displacement parameters (A 2x 103) rl'r s56ncs. 

U(t:q) is ddinc·d as e>nt: third or the trace or" the onhogonalizt:d Uii tensor. 

~\tom _______ _: ________ ~v ________ z _______ U_(c_g2 __ 

F(ll 5-14 51 2"t -169-1(1) 7737( I) 39( I) 

F\l) l-142!2) 3781( I) 8475( I) 32( I) 

F(3) --160(3) 1415( I) 6131(1) 43( I) 

F(-1) 3638t3) 2453( I) 5588(1) 46( I) 

0(1) -1679(2) 2033( I) 7716(1) 28( I) 

N(l) 4529\3) 3565( I) 6664(1) 30(1) 

C(l) 3~14713) 3875( I) 7372(1) 27( I) 

Cl2) 1921(3) 3-103( I) 7756( I) 23( I) 

((3) 378(3) 2534( I) 7389(1) 22( I) 

((4) 964(3) 2224( I) 6631(1) 281 I) 

((5) 305213) 2772(~) 6311( I) 30( I) 

C(6) -1430(3) 1515( I) 8464(1) 22( I) 

C(7) -326{,(3) 1812(2) 8988(1) 26( I) 

C(8) -3155(3) 1247(2) 9712(1) 29(1) 

((9) -1243(3) 413(1) 9904(1) 27(1) 

C(IO) 535(1) 138( I) 9367(1) 26( I) 

C(ll) 499(3) 694(1) 8637( I) 24( I) 

Table 3. Bont.l lengths [t\] ant.! angles l •] ror s56ncs. 

F(I)-C(I) 1.3400( 18) C(2)-C(3) 1.390(2) 

F(2)-C(2) 1.3411( 17) C(3)-C(4) 1.400(2) 

F(3)-C(4) 1.3388(19) C(4J-C(5l 1.389(2) 

F(-I)-C(5) 1.3-129( 17) C(6)-C(II) 1.387(2) 

0(1)-((3) 1.3610( 17) C(6)-C(7) 1.391 (2) 

0(1)-C(6) 1.4193( 17) C(7)-C(8) 1.395(2) 

N(I)-C(5) 1.306(2) C(8)-C(9) 1.395(2) 

N(I)-C(I) 1.316(2) C(9)-C(l0) 1.397(2) 

C(I)-C(2) 1.382(2) ((10)-C(II) 1.400(2) 

C(3)-0( I )-C(Ii) 116.86(11) C(5)-C(-1)-C(3) 118.21( 14) 

((5)-N(I)-C(I) 116.66(14) N( I )-C(5)-F(4) 116.86(15) 

N(I)-C(I)-F(l) 117.09(14) N( I)-C(5)-C(4) 125.01(14) 

N(I)-C(I)-C(2) 124.19( 15) F(4)-C(5)-C(4) 118.12(16) 

F(I)-C(I)-C(2) 118. 71(14) C( II )-C(6)-C(7) 122.53(13) 

F(2)-C(2)-C( I) 120.44( 13) C(II)-C(6)-0(I) 120.40( 13) 

F(2)-C(2)-C(3) 1~0.24(13) ((7)-((6)-0( I) 116.97(13) 

C( I )-C(2)-C(3) 119.32( 13) C(6)-C(7)-C{8) 118.20(14) 

. 0(1)-C(3)-C(2) 123.57(13) C(7)-C(8)-C(9) 120.67(14) 

0(1)-C(3)-C(4) 119.79(14) C(8)-C(9)-C( 10) 119.92(14) 

C(2)-C(3)-C(4) 116.57( 14) ((9)-C( 10)-C( II) 120.18( 14) 

F(3)-C(4)-C(5) 121.45( 14) ((6)-C(II)-C(IO) 118.50(13) 

F(3)-C(4)-C(3) 120.33( 15) 
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3. 2,4-dibromo-3 ,5-clitluoro-6-[2-( 4-fluorophenyl)ethynyl]pyridi ne (35) 

Table 1. Crystal data and s;ru<:turc ref•nem~nt for 00srv356. 

Identification code 

Emoirical for111ub 

Formub w~q.;ht 

Tempera tun: 

\\':Jvelcngth 

Cryst:d systen• 

Space group 

Un1t cell dimensions 

Volun1e 

z 
Density (calcubtcd) 

Absorption coel 1'1clent 

F(OOO) 

Crystal size 

Theta range fr•r tbt:~ col'ect:on 

lnde.x rang<·s 

Rellections colkcted 

Independent rdlcctions 

Completeness to theta~ 27 511' 

Absorption corrccuon 

Ma.~. and min. transmission 

Refinement n1cthod 

Data I restraints i paran•etc•s 

Goodness-of-fit on F: 

Final R indices [ 1>2sq;mal.l )] 

R indi<:cs pi I data) 

Largest di IT. peak and hole 

Appendix D 

sa356 

·C, 3 H, 13r1 F3 N 

390.99 

110 0(2) K 

0.71073 A 

Onhorhombic 

P bcm 

a= 7.7352(5) A 

b = 25.472(2) A 

c=6.5491(5)A 

1290.4(4) .. \l 

2.013 Mym3 

6.301 mm·' 

744 

0.23 X 0.03 .~ 0.04 01111
3 

1.60 to 27.50°. 

a= 90°. 

P= 90'' 

'( ~ 90". 

-9<~h<=IO, -33<=k<=33. -S<~I<=S 

10718 

1617 [R(int) = 0.09371 

99.9% 

Gaussian 

0.780 and 0.352 

Full-matn.\ lea~t-squares un fl 

1617/0/127 

1.029 

R I = 0.040 I, wR2 = 0.0832 

Rl =-0.0671,wR2"'0.0913 

0.856 and -0.716 e.A-' 

05 



Table ft. Atomic coordinates ( x 10") and equivalent isotropic displacement pararne1crs (A1x IOl) for00srd56. 

Ll(eq) is de lined as one third of the trace of the or1hogonalized Uii tensor. 

.·\tom U(eq) 

·--------· 

13ril) I 067( I) 11628( I) 2500 29( I) 

11r(2) -~ 3(>5( I J I 05~ I (I) 2500 23( I) 

F( I) -23·17(-l) II ~68( I) 2500 22{ I) 

F(2J -2789(~) 9624( I) 2500 28{ I) 

FOJ ~~:'7(6) 7388(2) 2500 52( I) 

\'(I} 6S5(6J I 0549(2) 2500 20( I) 

C(l) -226(3) 1 0993(2) 2500 22( I) 

({2) -20rJ.:I(7j II 006(2) 2500 I 8( 1) 

((.\) -29-lS(SJ I 0546(2) 2500 23( I) 

C(-l) -19')5(3) I 0087(2) 2500 22( I) 

((5) ·I SJ(SJ I 0098(2) 2500 1 8( 1) 

((6) 752(3) 9608(2) 2500 22(1) 

((7) 1505(8) 9190(2) 2500 I 8( I) 

C{S) 2509(8) 8721(2) 2500 20(1) 

C(9) 17~6(9) 8224(2) 2500 24( 1) 

C(IO) 2n6(IOJ 778 1(2) 2500 34(2) ,.~~.s:: 

C(ll) ~..\S7( 10) 7831(3) 2500 36(2) 

C( 12) 5293( I 0) 8307(3) 2500 35(2) 

((13) 4306(9) 8756{3) 2500 29(2) 

Table 9 Bond kngths [ .\j and angles [ 0
] for 00srv356. 

8r(I)·C(I) I 903(6) C( I )·C(2) IJ 76(8) C(3)-C(1 3) I 393(9! 

8r(2)-C{J) I 370(6) C(2)-C(3) 1.381(8) ((3)-((9) 1.395(8) 

F( I )·C(2J 1345(6) C(3)-C(4) 1.382(9) C(9)·C( I 0) 1.365{9) 

F(2)-C(4l I 330(7) C(4 )-((5) 1.402(9) C(10)-C(II) 1.360( 11) 

f(3)·C( II) 1Jii7(7) C(5)-C(6) 1443(3) C(II)-C(I2) 1363(11) 

N(I)·C(I) I J.i 2(7) C(6)-C(7) 1213(8} ((12)-C(13) 1375(10) 

N(l )-C()} I 33 2(7) C(7)-C(8) 1.425(8) 

C( I )-N( I )-C(5) 117.8(5) N( I )-C(5)-C(6) II 9.7(5) 

N( I )·C( I )-C(2J 123.4(5) C(4)-C(5)-C(6) 119.0(5) 

N(I)-C(I)-Br(l) 116.3(5) C(7)-C(6)-C(5) 173.7(7) 

C(2)-C( I )-Ur( I l 120.3(5) C(6)-C(7)-C(8) 175.7(7) 

F( I )·C(2)-C( I) 120.4(5) C( 13 )·C(8)-C(9) 113.7(6) 

F( 1 )-C(2 )-C( 3 l 119.1(5) C( 1 3 )-C(8)-C(7) 119.3(6) 

C( I )-C(2)-C(3) 120.5(6) C(9)-C{8)-C(7) 122.0(6) 

C(2l·C(3)·C(-1) 115.9(5) C( I 0)-C(9)-C(8) 120.9(7) 

({2)-C{])-Br(:'l 122.3(5) C( I I )·C( 1 0)-C(9) 113.7(6) 

C(-IJ-C(3)-1Jr(2) 121.9(5) C(IO)-C(II)-C(I2) 122.6(7) 

F(2)-C(4)-C(J) 120.3(5) C{IO)-C(II)·F(J) 119.0(7) 

F(2)-C(4 )-C(5) II 8.6(5} C(12)-C(II)·F(3) II 8.3(7) 

C(3)-C(4)-C(Si 121.1(6) C(II)-C(I2)·C(I3) 119.1 (7) 

N( I )-C(5)-C(4) 121.4(6) C( 12)-C( 13)-C(S) 120.0(6) 
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5. 4,6-di bromo-6-[2-(2-chlorophenyl)-l-ethynyl]-3,5-di fluoropyridinc ( 41) 

Table I. Crvswl d:lla and structure reftnement for 00srv:162. 

ldrnti ftcation code 

Emrirical formub 

Formul:1 weight 

T~mpt·r:iture 

\\';,,·.;kngth 

Crvst:tl system 

Space sroup 

Unit c.:ll dintcllSIOIIS 

Volun1r 

z 
De11sitv (caku'ateJ) 

Absorption co.:fticient 

F(OOOJ 

Cryst:d si7.c 

Theta range for ,!:Ita collection 

lntk.x ranges 

Rcn.:ctiulls l'OikcteJ 

lndcp.:ndrnt rcneuions 

Colltpktcness t<• theta= 29.39° 

Absorption COIT~ctioll 

Max. and min transmission 

Rciin.:mcnt method 

Data! r~straints I parameters 

Good11css-of-fit on f! 

Final R ind;.:cs [1>2sigma(l)) 

R i11dic.:s (all d:tta) 

Exllnctioll cocflicicnt 

Largest diff. peak and hole 

Appendix D 

s362sd 

C2 1 11 8 Br F, N 

430.19 

110.0(2)K 

0.71073 A 

Onhorhombic 

Cmcm 

a=6.7571(5)A 

b = 7.5303(6) A 

c=34.319(2)A 

1746.3(2) A3 

1.636 Mg/m3 

2.399 mm· 1 

848 

0.40 x 0.40 x 0.40 mm·' 

2.37 to 29.39°. 

u= 90°. 

p~ 90'. 

· 7<=h<=9, -I O<=k<=9, -46<=1<=4) 

6575 

1231IR(int)=0.0234) 

9H% 

Semi-empirical from equi,·alents 

0.4471 and 0.4471 

Full-matrix least-squares on F1 

1231 I 0 /II 0 

1.284 

Rl = 0.0296, wR2 = 0.0675 

Rl =0.03~1.wR2=0.06S4 

0.0091(5) 

0.903 and -1.256 c.A-3 

.......... _ 
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'I Jbk 2. :\lomic coordinJ!es ( ~ 10') and equivJienl.isolropic displacement parameters (r\lx 10·') 

for 00srd62. U(eq) is ddineJ as one third of I he !race of !he orlhogonalized Uii 1cnsor. 

Atom U(eq) 

Br(l) 0 2841( I) 2500 17(1) 
F(I) 0 5453(2) I 813(1) 22( I) 
F(2) 0 13004(3) 30(1) 31( I) 
t'(l) 0 9072(4) 2500 I ~(I) 
C(l) 0 5336(5) 2500 17( I) 
((2) 0 6302(4) 2158( I) 16(1) 
C(3) 0 8162(4) 2162(1) 15( I) 
((4) 0 9149(4) I 803(1) 19(1) 
C(5) 0 9924(4) 1499(1) I 8(1) 
C(6) 0 I 0758(4) 1123( I) 18(1) 
C(7) 1111(6) 9956(6) 820(1) 21(1) 
C(ll) 1138(6) I 0712(6) ~52( I) 22( I) 
((9) 0 12262(4) 393(1) 22( I) 
C(IO) 998(7) 13090(6) 6S2(1) 24(1) 
((I i) 1000(7) 12334(6) 1053(1) 22( I) 

Tabl~ .\. llond kn:;1hs [A] and angles [0
) for 00srv362. 

Br(l)·C(I) 1.879(4) C(2)-C(3) 1.401(4) C(6)-C(7) 1.417(4) 

F(l )·C(2). 1.345(3) C(3)-C(4) 1.439(4) C(7)-C(8) 1.3S6(5) 

F(2)-C(9) I 364(3) C(4)-C(5) 1.194(4) C(S)-C(9) 1.4 i 2(5) 

N(I)-C(3) 1.347(3) C(5)-C(6) 1.437(~) C(9)·C(IO) 1.3:\1(5) 

C(l)-COJ 1.382(3) C(6)-C(ll) 1.386(5) C( I 0)-C( I I) 1.3'16(5) 

CO )·t'( I )·C(J )':I II 8.9(3) C( II )-C(6)-C(7)1i2 119.7(3) 

C(2)11l-C( I )·C(2) 116.5(4) C( II )-C(6)-C(5) 122.0(3) 

C(2)-C(I)-13r(l) 121.8(2) C(7)-C{6)-C(5) 118.2(3) 

F( I )·C(2)-C( I) 119.9(3) C(8)-C{7)-C(6) 120.0(4) 

F( I )·C(])-C(."'J 119.0(3) C(7)-C(8)-C{9) 117.6(4) 

C( I )·C(2)-C(3) 121.1 (3) C( I 0)-((9 J-F(2) 118.7(3) 

N( I )-C(3 )·((2) 121.2(3) C( I 0)-C(9l-C(8)112 123.2(3) 

N(l )-C(3)-C(.J) 118.4(2) F(2)-C(9)-C(8) 118.0(3! 

C(2)-C(3)-C(.J) 120.5(3) C(9)-C( I 0)-C( II) II 8.8(4) 

C(5)-C( 4 )-C(3) 178.2(3) C(6)-C(li)-C(IO) 120.5(4) 

C(4)-C(5)·C(6) 176.6(3) 

5)~1111\Cir)' lransfon11a!ions used 10 generalc equivaJenl 3101115: 

Ill x,y,.z+ l/2 '12 -.~.v.z 
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5. 4,6-dibromo-6-[2-(2-chlorophenyl)-1-ethynyl]-3,5-difluoropyridi ne ( 41) 

Table I. Cryst:tl d~tJ and structure refinement for 0 I srv089. 

ldenti fie at ion code 

EmpinCJI fonn~b 

FomwiJ weq;ht 

TemperJture 

"\Vavele~),!th 

Crvst~l S\"Stem 

Space group 

Unit cell dtmension> 

\'olun1e 

z 
Densn~· (calculated) 

Absorp11on coefficient 

F(000) 

CrystJI stze 

Theta r:mge for Ja:a colkction 

lnde.\ r~n.,es 

Renections coll<cted 

Independent ren~ctions 

Compkteness 10 theta= 30.2i' 

Absnrpllon corrcc;ion 

~Ia.\. Jnd m1n. trJrrStniSSIOil 

R~r111ement method 

Data ... restrJIIliS! p:Hameters 

Goodness-of-ftt on r: 

Final R tndices [1>2sigma(l)j 

R indtces (all da:a1 

Largest dt rr. peak Jnd hole 

Appendix D 

s89a 

C11 H, Br: Cl F! N 

J07.44 

110.0(2) K 

0.71073 A 

Triclinic 

P ·I 

a=7.3417(4JA 

b ~ 8.0609(5 l ,\ 

c = I 2. I 50 5( 7 J A 

641.79(6) ,\_.' 

2.108 Mgim' 

6.529 mm· 1 

388 

0.22 x 0.08 ~ 0.02 mm.' 

1.70 to 30.27'. 

u= 80.176{1)'. 

0= 85.218(2)' 

'f = 64.9-11(2) 0
. 

-9<=h<= I 0. -I O<=k<= II. -17<=1<= 16 

7269 

3J38 [ R(int) = 0.03851 

89.6 ~· 
Gauss tan 

0.88 and 0.~6 

Full-matrix kast·squHes on r: 

}4 38 I 0 I 17 2 

1.137 

R) = 0.04 70. wR1 = 0.0966 

Rl = 0.0636. "R2: 0.1010 

1.396 and -0 796 e.A·' 
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Tahk 2. Alormc coordrnales ( ~ 10') and equivalenl .iso1ropic displacemenl p~rarn~lers cAlx JOlJ for Olsrv089. 

U(eq) is defined as one 1hird of 1he lruce oflhe onhogonalized LliJ 1ensor. 

::\lo-,,----------------------

8;:(-, ,-----
Br(2) 

3516( I) 
3131( I) 
2039(2) 
2888(4) 
3 54 5( 4) 
2831(5) 
2747(6) 
2952(6) 
3245(6) 
3303(6) 
3100(6) 
2~32(6) 

2182(6) 
1912(6) 
I 840(6) 
I 621(7) 
1449(7) 
1493(7) 
1744(6) 

3748( I) 
9334(1) 

2026( I) 
4419( I) 

-2932( I) Cl(ll 
F(l J 

F(2) 
N(l) 
C(l) 
C(2) 
C:(.1) 
C:(4) 
C(5) 
((6) 

C(~) 

ccsJ 
C(9) 

C(IU) 
C(ll) 
C( 12) 
C(l :'-) 

I 063<J(2) 
6992(4) 
55 7 S( 4) 
9788(5) 
9239(6) 
7460(7) 
61 57(6) 
6749(6) 
8529(6) 

I 0570(6) 
11667(6) 
13083(6) 
12766(6) 
141 53(7) 
15845(7) 
16196(7) 
148 12(6) 

II 'J(2) 
4016(2) 
2137(3) 
II 5~(4) 
II 01(3) 
2063(~) 

305 7(3) 
3055(:\) 

163(4) 
-671(~) 

-1620(.') 
-2703(~) 

-3617(~) 

-3~29( 5) 

-235 I (5) 
-I ~42(5) 

T~blc 3. [lond kng:hs [A] and angles [ 0
) for Olsrv089. 

Elr(I)-C(3} 1.875(4) C(l )-C(2) 1.389(7) C(S)-C(9) 

Elr(2)-C(?l 1884(4) C(I)-C(6) 1.432(6) C(S)-C(I3) 

CI(I)-C(9) 1727(4) C(2)-C(3) 1.395(6) C(9)-C(IO) 

F(l )-C(2) 1.322(5) C(3)-C(4) 1.383(6) C(IO)-C(II) 

F(2)-C( 4) IJ-11(4) C(4)-C(5) 1.378(6) C(II)-C(I2) 

N(l)-C(:i) I 340(5) C(6)-C(7) 1.196(6) C( 12)-C(I3) 

N(l)C(I) I 357(6) C(7)-C(8) 1.438(6) 

C(5)-:'"(I)-C(I) 116.4(4) N(I)-C(5)-Ilr(2) 116.0(3) 

N( I )-C( I J-({2) 1218(4) C(4)-C(5)-13r(2) 119.6(3) 

N(I)-C(I}-C\6) 117.4(4) C(7)-C(6)-C(I) 179.3(5) 

C(2)-C{ I )-C(61 120.7(4) C(6)-C(7J-C(S) 175.2(5) 

f( I )·C(2)-C{I) 119.3(4) C(9)-C(8J-C( 13) 119.5(4) 

F( I )-C(2 l-C{3 l II \1.5(4) C(9)-C(8)-C(7) 12\.7(-1) 

C( I )-C(2 )-COl 121.2(4) C(I3)-C(8)-C(7) 118.7(4) 

(( 4 )-CO )-({2 I 116.1 (4) C(S)-({9)-C( I 0) 120.7(4) 

C(4)-C(3)-8r( I) 121.4(3) C(8)-C(9)-CI( I) 120.0(3) 

C(2)-C(3)-Br( I) 122 5(3) C( I O)-C(9)-CI( I) 119.3(~) 

F(2)-C(4)-C(51 120.9(4) C( II )-C( I O)-C(9) 119.0(5) 

F(2)-C(-1 )-C(3) 119.2(4) C(IO)-C(II)-C(I2) 121.2(5) 

C(SJ-((4)-C(~) 119.9(4) C(II)-C(I2)-C(I3) 120.0(5) 

N(l )-C(5)-C(4) 12~.5(4) C{I2)-C( 13)-C{S) 119.5(5) 

Appendix D 

U(eq) 

29( I) 
32(1) 
29( I) 
3~( I) 

31( I) 
25( I) 
24( I) 
26( I) 
21( I) 
25( I) 
22( I) 
27( I) 
24( I) 
20(1) 
22( I} 

33( I} 
41(1} 
38( I) 
30( I J 

1.3~'2(6) 

1.399(6 I 

1.401(6) 

1.31 3(8) 

1.392(8} 

1.3'12(71 

.-·~·~· 
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7. -{ 4-bromo-3, 5-clifluoro-6- [2-(4- H methoxyphenyl) ethynyl](2-pyridyl)} ethynyl)-4-

mcthoxybenzene ( 42) 

T::bk I. Crystal d~t:o and structure cetincment flll GOsrvJ)7. 

lde:11i lication code 

Formula weight 

T.:rnperatu re 

\Vavekn~th 

Cr)SWI system 

Space group 

Unit c~ll dirnensi•Jns 

Volun;e 

z 
DenSity (calculatnl) 

Ab~orption cocffi:icnt 

Cr)>tal SIZe 

Theta range for d::la collection 

Index ran~<.:S 

Reflections collecteJ 

lnd·:pend~nt relle :tions 

Completcn.:ss to theta = 26.00° 

.-\bsorptiun correction 

.'via.\. and min. transmission 

DaiJ I restraints I parameters 

Goodness-of-fit o<~ f1 

Fin~.t R indices [!·-2sigma(IJI 

R indices (all d:tta) 

Appendix D 

sJ57; 

~63.09 

I I 0.0(2) K 

0.71073,\ 

.\lonoclinic 

C 2/c 

,, = 30.759!3> A 

b = 8.0868(8) A 

c=7J531(8)A 

!791.5(6)A) 

! .717 Mg'm-' 

')I 2 

0.30 x 0.08 x 0.02 mm 3 

~ .61 to 26.00°. 

a= 90°. 

P= 101.63(3)0
• 

y = 90°. 

. 3 2< =h<=3 7. -9<=k<=7. -8<=1<=9 

~I 5 I 

! 750 [R(int) = 0.0756] 
) 

99.8.% 

;>.·!ultt-scan 

0.9495 and 0.5072 

Full-matrix l<!ast-squares on f! 

! 750 I 0 I 140 

I .120 

R I = 0.0565, wR2 = 0.1182 

R I = 0.0906, wR2 = 0.1322 

() 6 70 and -1.055 e.A .J 

Table I. Crystal data and ·;tructUIC rcrlnClll·:nt forOI~rv•J32. 

ldcnti ficati•Jn code 

Empirical formula 

FomJUia weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

z 
Density (calculated) 

Absorption c<•rfficlellt 

F(OOO) 

Crystal size 

Theta range fur data collection 

Index ranges 

Reflections ~ollected 

Independent reOections 

Completeness to theta = 2~ .~8° 

Absorption correction 

Max. and mtn. transmission 

Refinement method 

Data I restraints I p~ramctcrs 

Goodness-of-fit on F1 

Final R indices [1>2sigma(l)! 

R indices (all data) 

Absolute structure parameter 

Largest di ff. peak and hole 

46).(19 

!00.0(2) K 

o.~ 1(17:'. A 

Or:horhornbic 

I' ~I~ 12 

2 = 3 I .IIJ~tl) A 

b=3812o.~)A 

c=7.6UO~JJ)fi.. 

90~.9~( 3) ,\; 

1.701 1\·ig n' 

~ .)<).l 111111 I 

0.52 .\ 0.10 x 0.02 mm; 

2.6 I to~~~~'. 

P= 9t • 

·3.'><= h<= J 5. -~·:=~ <=-l. -S<=I<= 3 

5~17 

1412 [Rtmll = (! 069S] 

95.7% 

\'urnerical 

0.96J and 0.:'0& 

Full-matri., k~st-sq~Jr~s or; F: 

1~12:0il~:i 

1.10~ 

R I = 0.0369. \\"1·:2 ~ 0.0< ~6 

Rl = 0.051~. ""K2 = 0.0<·9S 

000)(17) 

U.5l19 anJ ·0.;2~ e.A·-' 

Dll 



T3blc 2. ,\tomic coordina:es ( x I 0') and equivalent isotropic displacement pararn<:tcrs (..\ '~ I 03) Table_;_ Bond len~ths [AJ Jnci on1:ks [']tor O·Jsrv]5/ 

for 'J0srd5!. U(eq) is defined as one third of the trace of the or1hogonalized U;i.tcnsor. 

------------------------------------ 8r(l )-C(I) I.S(•7!S) C(I)·Cc_2)~1 U92C) C(o)-Ctl!l 

Aiom U(eq) Cl(l )-C(7) 1.74 5(6) C(2)-C(3) 1.40-1\'.') CC:i-0 S l 

F(I)-C(2) 1.340((•) C(3)-C(4) 1.4:9(!;) C(Sl-Ct·>l 

Br(l) 5000 4040(1) 2500 22(1) :--J(I )-C(3)#1 1.348(6) C(4)-C(5) 1.1''5e> C(YI-C(IO. 

Cl(l) 314S(I) -I 076(2) -2683(2) 34(1) N(I)-C(3) 1.348(6) C(S)-Ct6) 1.4.' lr,S) C{IO)-C(IIl 

F! I i -12S4( I) I 584(4) 597(4) 22(1) C(I)-C(2) I.J92{i) C(6)-C(7) I.J%(S) 

Nil) 5000 -1762(8) 2500 19(2) 

Ctll 5000 1731(1 0) 2500 19(2) CO)#I-N( I )-C(~) I ~0.0(7) C(4i-C!S)-C(6) 

((21 -1643(~) 807(7) I 552(7) 17( I) C( 2 )-C( I )-C(2 )II I II S.l(i) C(7)-CI6)-C!ll) 

Ct3l 46-17(2) -929(7) 1545(7) 15(1) C(2)-C(I)-13r(l) I ~24(~) C(7 1-C16l-Ct5) 

C(4) ~2S3(2) -13-13(7) 506(7) 17(1) C(2)# 1-C( I )-Br( I) 122.4(4) C(ll )-C(6)-C(S) 

C(5) )'!Sl:\(2) -2628(6) -405(8) 17(1) F! I )-C(2)-C(I) I! 9 6(:.) qs;-n iJ-C\C•l 

C(6) .1653(2) -3720(6) -1362(8) I 8(1) F( I )-C(2)-C(3) II S.3(:-) C(S)-C!7)-CI(I) 

C(IJ .J2.15(2) -J 196(7) -2-105(7) 19(1) Cc I )-C(2)-C(3) 122.1()) C(6l-C(7)-CI( I) 

(( ~·) 2'121 (~) .. 1293(7) -3224(8) 2 3( I) N( I )-C( 3 )-C(2) I ~0.3(~) C(71-C!1>)-Cr'J) 

C\9) .'0US(2) -5930(8) -301 5(8) 26( I) N( I )-C(3l-C(4) II S 'J(~l CtllJ)-l'{9)-l'(Sl 

c( !OJ -'~I 0(2) -6552(8: -2014(8) 25( I) Ct2 J-Ci 3}-C(4) 1.~0 9(5) C\9·-C-!IUH'(i I) 

C!IIJ ·'· i2'J(2) .).1_\4(71 -1180(8) 17(!) C!~)-Ct~)-C(3) I ;~ St(· l C(llti-Ctii)-C(() 

S~mmetry translorm.ttr<•ns used tl• generJ!c cq·Ji,·aknt Jlums 

I .y.-z+ 1/2 
Table 2 .. t..lomic coordinates ( x 10'1 ;m.l ,·qut\'Jient isotropic displacement par"metcrs (A~~ 101) for OlsrvOJ2 

L(eq) is defined as one third of the tnce ul the or1hogonalized U'J tensor. 

-------
Atom U(eq) 

-----
Br(l) 5000 5000 -687(1) 22(1) 

Cl(l) GS23( I l 10088(6) 4407(2) 3S(I) 
F(l) 5ti83( I) 7634(7) 1917(4) 25(1) 
~(II 500(! 5000 5493(7) 20(1) 
C(l) 5.134( I 1 6351( II) 4583(6) 15( I) 

C(2) 5)37( I J 6290( II) 2757{7) lti(l) 

C(}) Sf;OC• 5000 1732(8) 24(2) 
C(4) 5683(21 7853( 12) 5543(7) IY( 1) 

C(5) 5978(21 9222(11) 6304(6) 17( I) 
C(6) 631 S( I) I 0802( II) 7287(6) 17( I) 
C(7) 6724(2) 1133-1(13) 6574(7) 23(1) 
C(S) 7()5~(2) 12825( 14) 7540(8) 30( I) 
C(9) 697 5(2) ; 3842( 12) 9266(8) 32( I) 
C(IO) 6577(2) 13402(14) 10004(7) 30( I) 
((II) 6~~ 7(2) 11886( 12) 9024(7) 2' (I l 

~:. ~ lenl!ths [,\]and '"'l!ksf~ Olsn·032. ---
Br(I)-Ci:'l 1.83916) I C(I)-C(4) I 432(7) C(G)-C(II) 1.401(7) 

CI(I)-C7J I 7-12((i) l C(2)-CD) I 1.399(6) C(7)-C{S) 1.386(7) 
----r-

F( I )-C( ~) I .1 5·!{5) i ('(.\)-(~~ 1.399(6) C!S)-C(9) I.J90(8i 

1'(11-C(I);:I I .'52! 5) I C{-1)-((5) 1.204(6) C(9)-C(IO) I .373(8) 

1\(1)-C!lJ I ~52(5) i C(5)-C(6) 1.432(7) C(IO)-C(II) 1.396(7) 
I 

,S_(I)-C(2) I.JssnJ 1 C<6>-CC7l 1.392(7) 

I 
C(l )"1-N(I)-C(I) II 8.~(61 LC(~)-C(5)-C(6) 177.3(5) 

I\( I l-C( I )-C(2) 120.~(4) ~ C(7l-C(6)-C(II) 117 9(4) 

~-(I)-C!l1-C(4) 

I 
II 8.1·(5) l C(7)-C(6)-C(5) 122.3(4) 

C(2)-C(I i-Ci4) 120.u(-1) i C( II )-C(6)-C(5) 119.8(4) 

F( I )-C{2)-C<I) i IS! (·1) j C(S)-C(7)-C{6) 121.9(5) 

F( I )-C(2 )-C( 3) 118.0{5) i C(8l-C(7)-CI(I) 118.8(4) 

C( I )-C( 2 i-C{J) 12.\.~{-1) ! C(61-C(7)-CI( I) 119.~(4) 

C{2)-C(3 1-C( 2 )~;I 112.'·(•i) l C{il-CI8 l-C(9) 118 8(5) 

C(2)-C!} l-Or( I) I 123.~(.1) : C(IO)-C(9l-C(8) 120 S(5) 

C(2):: 1-Ci3'1-Br(l) 
~-

12.'\~(.1) i C(91-Ct10i-C(II) 119 9(5) 
: 

I C(5J-C(~ 1-C( I J 177.\()) i C( 10)-C( II )-C(6) 120 )(.") 

Sylllme:n·JransformJtions us~d 10 gcncr:rk cqui"alcnt Jtoms· Iii -x+l.-y~l.z 

Appendix D 012 

l.~·l': ~ l 

1..17-l( ~ 1 

1..\'H('il 

! .J.)_\f,\J) 

U.i.lt:·l 

li3J•((•) 

lli.W·l 

I~~.:(~) 

II~ l'(~) 

12 : .. :(~) 

II oJ .'(51 

II ~ ~( ~ 1 

11'-(t·) 

! ~I :'((o i 

:! .: "t(•) 

1:-_l'({'J 



7. - { 4-bromo-3, 5-clifluoro-6- [2-(4- H methoxyphenyl) ethynyl](2-pyridyl)} ethynyl)-4-

methoxybenzene (42) 

T:rbk I. Crystal data and structure ref•nement for 00srvJ35. 

IJenllliotion cod~ 

Ernpinol fonmub 

F0rmub weight 

Temperature 

Wavekngth 

Cr;.stal system 

Spa.:e group 

Ln•t cell dimensions 

Volume 

z 
DenS!Iy (calculated) 

Absorption coefficient 

F(OOO) 

Crystal SIZe 

Theta range for data colkc11on 

lnde.\ ranges 

Rellections collected 

Independent reOections 

Completeness to theta= 30.52° 

Absorption correction 

,\Ia.\. and min. transmission 

Refinement method 

Data I restraints I pararnet"s 

Goodness-of-tit on Fl 

Final R indices (1>2sig-rm(l)j 

R indices (all data) 

Absolute structure parameter 

Largest di ff. peak and hole 

Appendix D 

s335 

C11 H,, Br F1 N 0 1 

45-1.26 

110.0(2) K 

0.71073 A 

Orthorhombic 

Frnm2 

a= 6. 7680(2) A 

b = 39 553( I) A 

c = 7 -1739(2) A 

2000.7(2) A1 

1.503 ,VIg!rnl 

2.091 mm·' 

912 

0.-12 \ 0.38 x 0.02 mml 

2.06 to 30.52°. 

a= 90°. 

P= 90°. 

·r = 90°. 

-9<=h<:9, -54<=k<=5.J. -9<=1<= I 0 

6179 

1526 (R(int) = 0.0399] 

95.3% 

Sem•·empirical from. equivaknts 

0.959-l and 0.4 73 7 

Full-matrix least-squares on F1 

1526 I I I I 08 

1.163 

Rl = 0.0233, wR2 = 0.0565 

Rl = 0.0237. wRl = 0.0569 

0.0-10(9) 

0.630 and -0.297 e.A-1 

Dl3 
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Table 2. Atomic coordinates (' 10•) and equivalent isotropic displacement parameters(,\:,, I OJ) for OOsrv.\)5. 

(.i(eq) 1S defined as One third of the trace of the Ol'1hogonalized U•i tensor. 

Atom U(eq) 

Br(l) 5000 4717( I) 19( I) 

F( I) 5000 598( I) 7)40(2) 2-1(1) 

0(1) 5000 21.17( I) 1506-I(J) 32( I) 

N(l) 5000 10975(4) 17( I) 

((I) 5000 293( I) I 0077(3) 16( I) 

((2) 5000 299( I) 8201 (3) 17( I) 

((J) 5000 0 7219(4) 17( I) 

((J) 5000 605(1) 11072(4) 21{1) 

((5) 5000 36.1( I) 1186J(3) 22( I) 

((6) 5000 II 38( I) 12756(3,) 22( I) 

C(7l 3770(6) l-155( I) 12063( 5) 25( I) 

C(3l JEJ-!(6) 1770( I) 12367(5) 26( I) 

((7') }926(6) 12.14( I) I4272(.J) 25( I) 

((3') 38.16(5) 156-l( I) 15079(4) 25( I l 

((9) 5000 1825( I) 14)72(3) 24( I) 

C(IO) 6175(9) 2215( I) 16530(3) -lJ( I) 

Tabk J. Bond lengths !A] and angies 1'1 for 00srv3J5. 

Br(I)-C(3) 1.370(3) C(1 )-C(4) I . .IJ9(J) C(6)-C(7) 1.438(4) 

F(1 )·C(2) 1346(3) em-co> 1.392(3) ((7)-C(S) 1.382(5) 

0(1)-((9) I Ji2()) C(~J-C(5) 1.186(4) C(8)-C(9) 1.391(~) 

0(1)-C(IO) j.J 11(5) C(:'J-((6) 1..145(3) C(T)-C( 8') 1.403(5} 

N( ~ )-C( I) 1.339(3) C(6J·C(7') 1.36.1(4) C(8')-C(9) 1.393(4) 

C(I)-C(2) J.102(J) 

C('J)-0(1)-C(IO) !IS.Sln C(4)-C(5)-C(6) 177.6(3) 

C( I ):~I-N( I )-C( I) 119 3(}) C(7')#2-C(6)-C(7) 119.1 (3) 

N( I )·C( I )-C(2l 121.1 ( 2) C(7')-C(6)-C(5) 121.&(2) 

N(I)-C(I)·C(4) II 8.3(2) C(7)-C(6J-C(5) i 19.0(2) 

C(2)-C(1)-C(4) 120 1(2) C(8)-C(7)-C(6) 119.2(3) 

F( I )-((2)-C(J) 119.6(2) C(7)-C(8)-C(9) 120.6(3) 

F(I)-C(2)-C(1) 119 6( ~I C(6)-C(7')-C(3') 121.6(3) 

C(J)-((2)-C(I) 120 3(2) C(9)-C(8')·C(7') 118.8(3) 

C(2)-C(J)·C(2)111 116 J(J) 0( I )-C(9)-C(3) 116.8(2) 

C(2)-C(J)-Br(l) 1213(2) 0( I )-C(9)-C(8') 122. 7(2) 

C(5)-C(4)-C(I) 173 8(J) C(3)112-C(9)-C(3') 120.4(3) 

S)mmerry transformations used to ge:~ente equivalent atoms: 

Appendix D 
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8. 2 ,6-bis( 4-meth yl phenyl )-4-bromo- 3 .. 5-di fluoropyridi ne ( 47) 

. T Jbk l. CrystJI dJtJ Jndstr~ctur~ ref•ncn~nt for 00srv)J7. 

IJ~nur"•otion code 

Emp1ncJI lormuiJ 

Formula we•ght 

T cmp~rJture · 

\VJvekngth 

CrvstJI s:stem 

SpJce group 

Unit cdl dimensions 

Volume 

z 
Density (calculated) 

.Absorption coefficient 

F(OOO) 

Crysl.ll s1ze 

(19 HIJ Br F2 N 

)7J.22 

110(2)K 

0.71073 A 

Tnclinic 

P·l (No.2) 

a = 9.592(2) ..\ 

b = 17.542(2) A 

c = 19.311(5) .l. 

3111(1) ,i_J 

1.598 glcm3 

2.662 mm· 1 

1504 

0.50 X 0.1) X 0.04 nunl 

1.09 tO 24.99'. 

0.= 101.37(1)' 

13= 97.11( I)' 

y = 97.38( 1) 0 

8 rJng~ for dJtJ collection 

lnde~ ranges 

Reelections collected· 

Independent rerlect•ons 

Reelections wuh !>2o(l) 

Completeness to 8 = ·zJ.99' 

Absorption correctic.n 

-105lt5 ll.·l95l:5 20.·225/5 ~2 

1314-1 

:-,.[;u. and min. trJJ1smiss10n 

Refinement method 

Dat.1/ restraints I paiJmeter; 

l...:lrgest final shiftle.s.d. rauo 

Goodnc:ss-of·fll on F: 

Final R indices (1>2o(I)J 

R indices (all data) 

10921 (R(int) = 0.05241 

5364 

99.7% 

Integration 

0.9081 and 0.627 5 

Full-malri:\ lcJ.St·squJic:s on P. 

10921/0/316 

0.001 

1.113 

Rl :s0.06l3.wR2=0.1417 

Rl :0.1233. wRl =0.1660 

l...:lrgest diff. pc:llc and ·hole: 0.629 and -0.666 c:.A-l 

Benzene rings ((61-66) and C(81-86) ue disordmd by rotation lfound the C(61 ) ... ((64) and C(31 ) ... ((3~) 

vectors. ((62). C(6J). ((65). C(66). ((32). C(33). C(35), C(86) JJld their hydrogens are disordered with <:qull 

probability between positions:\ and B. Sublattice (a/1. b. c) is violated by different orient.ltions of the benzene nngs 

((91-96) and ((121-126). 

Appendix D DIS 



TJblc 2. '\t<' rr.tc .:non.ltnJt es ( xiO'l .1:1<: :4uw1 k~t tSotroptc JtspiJccment pJrJmeters (A~ xiOJJ 

fu r 00srv3-l7 ll(eq) is tkfinetl J 5 nne: rhtr:J or tr.e rrJce of the onhogon Jii zed UiJ tensor. 

Br( I) 

F( 13) 

F( 15) 

N(11) 

C(l2) 

C(l3) 

C( l-1) 

C( 15 ) 

C(16) 

C( l7) 

C(IS) 

C(51) 

C(52) 

C(5 3) 

C(5.t) 

C(55) 

C(56) 

C(6 1) 

C(62r'.) 

C(63t\l 

C(64) 

C(65A) 

C(66t\) 

C(62B) 

C(6313 ) 

C(651:l) 

C(66B 

Br(2) 

F(23 ) 

F(25 ) 

N(22 l 

C(22) 

C(23 l 

C(IOI) 

C(l02) 

C(l03) 

C(10J) 

C(l05) 

C(106) 

Br(4) 

F(43) 

F(4 5) 

N(41 ) 

C(42) 

C(43) 

C(.U) 

C(45) 

C(46) 

-2.10.7(9) 

193 1(-1 ) 

-12 36( 5) 

1215(6) 

1797(S) 
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1.~01(1() 

l.l''l\9) 

I.:O~StiO 

I.)S!>II!•) 

1 . .:~:11(·) 

1.510.:.10) 

1..10!(11) 

1.)9Jill) 

1.)9111)0) 

I.JSOiiOI 

1.3l::S{II) 

1.3Sl(ll) 

1.)~)(10) 

l.}t,.J;Ii) 

l.:rl')t I~) 

I.JIJ(I!) 

I.JI1(1i) 

1.)7(~) 

I.J:Or.ll·) 

J.:'n(IM 

1.'26(16) 

I..S~~(I;) 

1.)!(:!) 

I.J<(ll 

I.Si?il) 

I.)HIJliJ 

l.j!tl(?) 

I.)) I( I(•) 

I.:OJ:fiCJ 

I.JI/){11) 

t.-~?}{11) 

1.)50tll) 

l.:rN(I~) 

1.)9:?ti~J 

I::.Jp) 

1 ~t . .ic:J 

1:o.:!lo1 

9t:..:(10) 

•• _,(}0) 

11Jb(l0) 

IU.:(ll 

I~ I ((? 1 

J:J:'Ol 

1:11(51 

119 ~0)) 

1:39(1..:1 

..1 l II~J 

I: I ~(;:) 

.;6 t,..{IQI 

<>~ )(I Cl 

llli(I(IJ 

5:!J(QJ 

117'1(?} 

1:0 :u, 

12J.:f!)) 

II!Oil)l 

1212(1..!) 

116"iO:l 

1:'9(1]1 

I ~}:)ri 1 

II! ~~ E t 
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9. 2,6-di bromo-4-[ 4-2,6-di bromo -3,5-difluoro-4-pyridyl)phenyl] 3,5-di fluoropyridi ne ((i2) 

T:1bk I. Crys1al d<!l<1 ;~nd ~lruc\llr~ r~linem~nt for01srv023. 

IJenli riCIIiOil Clld<: 

Empiriol forn111la 

Formula w~igh1 

Temper;llure 

W;11Tkll~lh 

Cr,·sl<~l svslcm 

~p;,c~ ~roup 

Unit cell dllllCilSil•n.; 

\'olume 

llenSIIY (cilcuiJIL'd) 

,\bsorplion cociTlcic-nl 

F(OOO) 

Crvstal siz~ 

Theta ran~e for d;,to: colkct.on 

lmkx ran~es 

Retlections collcctcJ 

Independent relkctJOnS 

Completeness 10 il1l'IJ" 27 ouc 

,\bsorption correl'tion 

\Ia.\. anJ min. tr<Jn,mi5SIOJ; 

l);ua I restraint; I p.~ranl<'tc;s 

Goodness-of-l11 on F! 

Final R indices [1>2sigrP<~(!)j 

R 111dices (all dot<~) 

Largest di IT. peak and lwlc 

Appendix D 

s023a 

C,., H, 13r, F, N: 

610.85 

I 00.0(2) K 

0.7107JA 

,\1onoclinic 

P 21/n 

J = 3 9383(3) .. \ 

b" 7.6032{5) A 

c" 28.') I (1(2) ..\ 

865 9(1) A' 

2.378 ivl!¥m' 

9.339 mrn·' 

580 

0.-10 ,\ 0.06 X 0.02 111111) 

2.11to27.00° 

u.= 90°. 

P= 9o.oo~<3t0 

'I o; 900. 

-4<=h<=5. -9<=k<=9, -36<=1<=36 

7363 

I 86-1 [ R(int) = 0.0703] 

9<.1.9% 

Numerical 

0.3352 and 0.1179 

Full-matri.\ le:lst-squares l>ll !'! 

11\6-1 I 0 I 125 

1.160 

R I = 0.0394, wR2 = 0.0806 

R I = 0.04 7S, wR2 ~ 0.0830 

0.9-16 and -I.S93 e.A-J 

Dl8 



T~hk 2. :\lo1mc coordin~les ( .~ 10') Jnd ~qui\'Jient isolropic displ~cement pJrametcrs (A~.~ 10
1

) 

for 01 srvO~~. C(eq) is defined as one 1hird of the trace of the orthogonalized U'' t~nsor. 

:\tom 

Or( I) 
Or(2) 
F( I J 

F!1l 
~(IJ 

((I) 

((2) 

C(Jl 
CPl 
((5) 

((6) 

en 
C(8J 

69~i(~) 

I J 152! 1 J 
7)56(10) 

12567( I OJ 
100-IS( I.'J 
8821! I-II 
8772(15) 

10061( 16) 
11-110( 16! 
II 36 7( 15! 
100)5(16) 
111)-1( 16) 
11129( 15) 

90~(1) 

-51 S6( I J 
-905(4) 

-60i7(-l) 
-1263(6) 
·1.121{7) 
-192~(7) 
.)~71(7) 

-~ 502( 7) 

-3839(7) 
··D07(7) 
.))0~(8) 

-398 I ( 7) 

1639( I) 
2239( I) 

70S( I l 
1219( I J 

18-15( 2) 

. l-191(2) 
10-11(2) 
929(2) 

I 300(2) 
1750(2) 
~46(2) 

7-1(2) 
.)72(2) 

TJble J. Oond lengths (A] and angles('] for 0 I Sl"\023. 

Or(ll·C(IJ 1.895(5) :-;(I)·C(IJ 1.337(7) C(-IJ·C(5) 

Br(2)·C(5) 1.881(5) C(l J·C!2) I J82(7) ((6)·((7) 

F(I)·C(2) I .353(6) C(2)·C(3J 1.390(8) (( 6 )·C( 8 )#I 

F(2)·C(4) U-18(6) ((3)·((-1) 1.391(8) C(7)·C(8) 

:-;(I)·C(5) 1.3)4{7) C(3J·C!6J 1.503(8) 

({5)-N{ I )·Cll) 117.7( 5) Fl2l·C(-IJ-C(5) 119.2(5) 

x(I)·C(I)·C(2) 123.3(5) C(3)·C(-IJ·C(5) 122.1(5) 

:-:(I)·C(I)·Br(ll 116.5(-1) ;\(1 l·C{5)·C(-I) 12U(5l 

C(2)·C( I )·Br( I) 120.2(-1) :\(ll·C!S)·Br(2) 118.7(4) 

F( I )·C(2)·C( I) 119.1 (5) C(-I)·C(S)·Br(2) 119.9(-1) 

F(l )-C(2)·C0l 120.0(5) C! 7)·C(6)·C(8)111 119.6(5) 

C( I )·C(2)-C(3) 120.8(5) (( 7)-C(6)·C(3) 120.9(5) 

((2)-C(3)·C(4) 11-1.3(5) C(S)III·C(6)·C(3) 119.5(5) 

C(2)-C(3)·C(6) 123.3(5) C(Sl·C( 7)·C(6) 121.1 (5) 

C( -1)-C(3)·C(6) 122.0(5) C(7!·C{8)·C(6)111 119.3(5) 

F(2)·C(-I)·C(3) 118.3{5) 

S>mmetry transform~iions used to 11ener~te equi\'3lent atoms: Ill ··' + 2,·y·I,·Z 

Appendix D 

15( I J 

I~( I J 

20( ll 
li(l) 
I.'( I) 
9( I l 

13( I) 
i 5( I) 

12( I) 

12( I l 
13(1) 
I~( I) 

I~~ I J 

1.397(8) 

1.389(8) 

I J9i(S) 

IJ8i(S) 

\. 
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