
Studies of Nucleophilic Attack 

on Tris(pentafluorophenyl)phosphine 

and its oxide 

Hanna Rizk Hanna 

A thesis 

submitted to the Department of Chemistry 

in partial fulfilment of the requirements 

forthe;Degree of 

Master of Science 

Brock University 

St. Catharines, Ontario, Canada 

April 1977 



ACKNOWLEDGEMENTS 

The author most sincerely thanks Professor J. M. Miller for his 

support and guidance during the course of this research. He also 

expresses his gratitude to everyone associated with the Department 

of Chemistry during his residence at Brock, especially his colleagues, 

for their patience and generosity. 



Abstract 

The reaction of tris(pentafluorophenyl)phosphine [5] with the 

nucleophiles dimethyl formamide (DMF), hexamethylphosphoric triamide 

(HMPA), diethyl formamide (DEF), hexaethylphosphoric triamide (HEPA), 

hydrazine, N,N-dimethyl hydrazine (in presence and/or absence of KF), 

phenylhydrazine, ammonium hydroxide, formamide, aniline, sodium 

hydrogen sulfide, and hexaethylphosphorous triamide was investigated. 

The reaction of [5] with DMF and HMPA gave the same product, 

namely tris-[4-(N,N-dimethylamino)-2,3,5,6-tetrafluorophenyl]phosphine 

[12] but in higher yield in the case of HMPA. Compound (5] also 

reacted with DEF to give tris[4-(N,N-diethylamino)-2,3,5,6-tetrafluoro

phenyl]phosphine [14]. When [51 was treated with HEPA, it gave a 

mixture of bis(pentafluorophe~yl)-(N,N-diethylamino-tetrafluorophenyl)

phosphine, pentafluorophenyl-bis-(N,N-diethylamino-tetrafluorophenyl)

phosphine and tris (N,N-diethylamino-tetrafluorophenyl)phosphine. 

Treatment of [5] with aqueeus hydrazine solution in excess ethanol gave 

tris(4-hydrazo-2,3,4,6-tetrafluorophenyl)phosphine [1s1 in high yield 

while reaction with aqueous hydrazine led to C-P cleavage and 

production of tetrafluorophenyl hydrazine. With N,N-dimethyl hydrazine, 

[5] gave tris(4-N,N-dimethylhydrazine-2,3,5,6-tetrafluorophenyl) phosphine 

{20j. The latter could be obtained in higher yield and shorter reaction 

time, by the addition of KF. The reaction of compound {51 with phenyl

hydrazine in THF gave bis(pentafluorophe~yl)-4-S-phenylhydrazino-

-i 



2,3,5,6-tetrafluorophenyl phosphine [22] in low yield. Reaction of 

[5] with ammonium hydroxide in THF at high pressure in the presence of 

KF gave tris-~4-amino-2,3,5,6-tetrafluorophenyl)phosphine [25]. 

Similarly, formamide led to a mixture of (C6F4NHZ)3P, (C6F4NHZ)ZPC6FS, 

(C6F4NHZ)ZPC6F4NHCHO, and C6F4NHZP(C6Fs)(C6F4NHCHO). When [5] was 

treated with aniline, a mixture of mono-, di-, and tri-substituted 

products was obtained. Sodium hydrogen sulfide in ethylene glycol/ 

pyridine led to C-P cleavage and the isolation of pentafluorobenzene 

and tetrafluorothiophenol. 

Reaction of [5] and its oxide [35] with different alkoxides in 

the corresponding alcohols led mainly to C-P bond cleavage products, 

with the exception of one case where sodium methoxide was used in ether, 

and which led to tris-(4-methoxy-2,3,9,6-tetrafluorophenyl)phosphine 

[37]. 

On the basis of various spectroscopic data, it was concluded that 

the para position in compound [5] was generally the favoured site of 

attack. 



Symbols and Abbreviations 

DMF Dimethylformamide 

DEF Diethylformamide 

HMPA Hexamethylphosphoric triamide 

HEPA Hexamthylphosphoric triamide 

THF Tetrahydrofuran 
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Introduction 

Organic fluorine chemistry is now well established, and it is 

generally recognized that fluorine occupies a special place in organic 

chemistry. Fluorine is not merely another substituent, but an element 

that can as hydrogen does, give rise to a whole system of organic 

compounds. Like hydrogen, it is univalent and its atomic size is such 

that there is room round a carbon chain for all the fluorine atoms that 

can be bonded to carbon. 

The chemistry of perfluorinated aromatic compounds has been 

developed almost entirely since 1955, the year in which the first 

practical synthesis of hexafluorobenzene was reported. Progress was 

slow at first owing to preparative difficulties, but accelerated 

rapidly during the early 1960's when hexafluorobenzene and other basic 

starting materials became available commercially. A considerable 

number of highly fluorinated aromatic compounds that undergo various 

nucleophilic aromatic substitution reactions have been prepared. 

The high lability of halogens and, practically, of fluorine atoms 

in nucleophilic aromatic substitution reaction is characteristic of 

aromatic polyhalogeno compounds where halogen atoms are activating 

groups. Hexafluorobenzene has the two basic requirements for nucleo

philic attack: (a) electron withdrawing substituents to lower the 

energy of a transition state leading to the intermediate (*), and 

(b) an atom that can leave with the bonding electron pair, that is F-. 
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~eactions of Hexafluorobenzene with nitrogen-containing nucleophiles 

Hexafluorobenzene reacts with nitrogen containing nucleophilic 

reagents to form monosubstituted derivatives of C6F5X type. A high 

yield of pentafluoraniline is obtained in the reaction of hexafluoro-

benzene with NH3 in aqueous ethanolic4 and aqueous ammonia solutions 3• 

150°C, Jh, aqueous NH, ~ 85% 
235°0, 2h, . aqueous NH3 86% 

~ 

h, aqueous NrlJ + EtOH 

The reaction of hexafluorobenzene with diethanolamine is solvent 

dependent6• In dioxane, the reaction product is pentafluorodiethanol-

amine [a]. In N-methylacetamide, the reaction gave pentafluorophenyl-

diethylamine as the major product and pentafluoromethylaniline as the 

minor one [b]. In pyridine the result is cyclization products [c], 

+ p-

-I 
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while in dimethylformamide, the only product is pentafluorodimethyl-

aniline [d]. This product is probably formed from hexafluoroben?:ene 

and from NH(CH3)2, which accumulates in DMF under basic conditions 8• 

[a] 

Hexafluorobenzene readily reacts with alkyl amines such as methyl-

amine, dimethylamine and t-butylamine to give pentafluorophenylalkyl 

amines. Cyclic alkyl amines such as ethyleneimine, piperidine, 

pyrolidine and morpholine react with hexafluorobenzene to form6 ,7 

pentafluorobenzene ethyleneimine; pentafluorobenzene piperidine, 

pentafluorobenzene pyrolidine and pentafluorobenzene morpho line 

respectively. 
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Some peculiar reactions occur with hexafluorobenzene and bifunctional 

nitrogen containing rtucleophiles such as ethylene diamine. In ethanol 

these reagents give only a cyclic product 9 , whereas in pyridine 

N-pentafluorophenyl ethylenediamine can be obtained 10 • The reaction of 

hexafluorobenzene with hydrazine as a bifunctional nitrogen-containing 
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nucleophile proceeds smoothly in aqueous ethanolic solution to give 

(50%, 71%) yields of pentafluorophenyl hydrazine 4 ,11. 

NHCH2-CH 2-NH2 

o 

Reaction of Hexaf1!lorobenzene with" alkoxides 

Reactioffiof hexafluorobenzene with sodium methoxide and potassium 

ethoxide proceed. readily in the corresponding alcohols giving high yields 

of the alkoxy pentafluorobenzene27 ,31. The addition of pyridine to the 

reaction produces a catalytic action29 ,32 which increases the yields of 
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the corresponding alkoxy derivatives. The reactionsof hexafluorobenzene 

with higher alkoxides such as lithium tert-butoxide proceed more slowly 

than those with the lower alcohols 12 ,13. 

Reactions of hexafluorobenzene with sodium hydro sulfide 

Hexafluorobenzene and sodium hydrosulfide in pyridine-ethylene 

glycol medium produced pentafluorothiophenol in high yield (67%)lS. 

Nucleophilic substitution reaction in pentafluorobenzene derivatives 

In nucleophilic substitution reactions of aromatic polyfluoro 

compounds of the type C6FSX. the reactivity and orientation are affected 

by both the substituent X and the five attending fluorine atoms. 

Ingold 16 classifies substituents according to their orientation 

effect in electrophilic substitution reactions and he gives four 

classifications of differing polar effect. 

Classification or orienting substitution 

Electron Electron Examples Effect on 
effect mechanism orientation reactivity 

+1 Ph +- R CH 3 ortho, para activation 

-I Ph -+ R C02Et meta deactivation 

-I, +M PIf':'R Cl, OCH3 ortho, para deactivation (el) 
activation (OCH3) 

+1, +M Ph~R 0- ortho, para activation 
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L. S. Cobrina in Fluorine Chemistry Review17 gives kinetic data 

for nucleophilic substitution reactions of some pentafluorobenzene 

N02, COO-] with sodium methoxide leading to the results in the following 

tables. 

The effect of the substituent X in C6FSX 

X reactivity towards nucleophiles 

CI 

Br 
Activation 

I 

COO-

Strong activation 
~ 

Deactivation 

t 
The comparison of this result to Ingold s classification leads to 

a conclusion that all the substituents producing activating effects in 

electrophilic substitution in benzene produce deactivating effects in 

nucleophilic substitution in C6FSX. 
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In nucleophilic substitution reactiomwith pentafluorobenzene, 

hydrogen can be considered the standard and the effect of the five 

fluorine atoms upon reactivity and orientation can be observed. It is 

suggested that the most labile is the fluorine atom in the position 

para to hydrogen, for example: 

H 
H 

o 
R 

4 
R = NH2 ,. NHCH3 18,. OH 3,. OCH3 19,20,. SH 15,. NHNH (p·m·o 96 5·0 5·3 0)4,21 2 • ., ••••• 

and N(CH3)2 (mixture with 5% ortho)18,22. 

The reactions of chloropentafluorobenzene with nucleophiles 

result in the p- isomer as major products (>70%). This reaction direction 

could be explained by the prevalent effect of the five fluorine atoms, 

but the explanation does not account for the formation of considerable 

amounts of 0- isomers in the reaction of compounds of C6FSHal type. 

Burdon24 proposed an interpretation for the orientation of nucleophilic 

replacement reactions in the C6FsHal series that is based on the 

relative stabilities of the WeIand type resonance hybrid intermediates. 

Types I and II, III and IV, V and VI describe the transition states of 

ortho, meta and para substitution respectively. 
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meta 

The major criterion in evaluating the stability of structures of 

this type,is the nature of the interaction of the X-substituent with the 

negative charge localized on carbon atom that·bears this substituent. 

The resonance hybrid para-quinoid structure I is assumed to be the main 

contributor to this intermediate with the hybrid ortho-quinoid 

structure IV of only secondary importance. This assumption receives 

considerable justific~tion from the result,; of advanced molecular orbital 

calculations 25 which give the charge density distribution shown in VII. 

If a substituent X, stabilizes' the negative charge (borne by the 

carbon atom attached to ' X), then nucleophilic att.ack will take place 

at the carbon para to it, and to a lesser extent ortho, whereas if it 

destabilizes the charge more than fluorine, then C6F~X compounds will 

undergo meta attack. 

VI 
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In spite of the high electronegativity of halopentafluorobenzene 

compounds, the halogen atoms interact with ring charge on the neighbouring 

carbon atom to destabilize the transition state due to repulsion of the 

negative charge of the unshared electron pairs [I -repulsion}, This 7f 

repulsion24 decreases in the following sequence F > Cl > Br > I-H. 

Repulsions of this type have been previously postulated24 ,27 from the 

u.v. spectra of the halobenzenes. It has been suggested that this 

effect is due either to coulombic repulsion between the p-electrons 

on the halogen and 7f-electrons on the neighbouring carbon in the ring26 , 

or to unfavourable penetration of filled orbitals containing the same 

electrons27 • Hence, the order of stability of hybrids of type I is: 

Br CI 

Nu 

Thus the stability of type I structures and the corresponding transition 

states accounts for the ease of substitution para to halogens other' than 

fluorine. 

Nu 
F F.\,., 

" ...• 
• 

• • 

F 
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Nucleophilic substitution reaction of pentafluorophenylphosphine 

derivatives 

Burdon, Rozhkov and perry28 reacted pentafluorophenyl diphenyl 

phosphine [I] and its oxide II and sulfide III with sodium methoxide in 

methanol and with methylamine in both benzene and ethanol. All the 

nucleophilic reagents reacted with the phosphine" (I) to give substitution 

para to phosphorus. 

« NaOCH3 

MeOH,40h. 

I 

The behaviour of the oxide [II] and sulfide III was different from the 

phosphine [I]. With methoxide in methanol, the oxide lost its 

pentafluorophenyl group completely, and the sulfide to the extent of 

25%. The cleavage products were methyl phosphinates and pentafluoro-

benzene. The mechanism was as follows 28 : 

r~ 
OMe OMe 

-OMe I~ I 
C6F~ C6 FS1=X >- C6 F;7'\X > Ph-P=X + 

/ 

1~ 
Ph Ph Ph Ph 

X = 0 II 
= S III C6 FSH 
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The pentaf1uoropheny1 group in this case renders the phosphorus 

susceptible to nucleophilic attack. The sulfide [III] underwent 

replacement as well as cleavage. 

C6FS 

-0-Ph 
Ph Ph 1 NaOMe I I 

Meo0~~ Ph~~=S MeOl{ 
.,. 

MeO . F ,=S + CH 3O-l =S + 
Ph Ph Ph 

54% 
OMe 

25% 2i% 

The oxide [II] and sulfide [III] when reacted with methyl amine in 

benzene gave ortho-andpara.,...monorep1acement products. 

Ph CH JNH: 2 0 Ph P:0-
I I . 

x=l, . f NHMe C6F5-,=X C6H6 
.. F P,X + 

Ph Ph Ph ,. 
NHMe 

X ortho % para % 

SIll 64 54 

OIl 82 18 
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When the oxide and sulfide reacted with methyl' amine in ethanol, only 

the para- replacement products were detected28 • 

A previous work by Magnelli, Tesi, Lowe and McQuistion29 showed 

the reaction of bis(pentafluorophenyl)chlorophosphine with dimethyl 

amine gave products which were either [C6F4NMe2]2PNMe2 or 

C6F3(NMe2)2P(C6FS)(NMe2), with the dimethyl amine attacking the fluorine 

ring and the phosphorus29 • 

Tris(pentafluorophenyl)phosphine 

Tris(pentafluorophenyl)phosphine was prepared by M. Fild31 and by 

Wall, Donadio and ~1.UiI!leti30 by a method similar to that of Dodonov 32 

for the preparation of triphenylphosphine. They oxidized the phosphine 

by sodium dichromate, concentrated sulfuric acid and glacial acetic 

acid to produce tris(pentafluoropheny1)phosph~ne oxide. 

The 31p nmr and 19F nmr of tris(pentaf1uoropheny1)phosphine have 

been resolved by Emeleus and Mi11er 33 • They observed a septet in the 

31p nmr of (C6FS)3P had a value of Jp-F = 36 cps (intensity ratio 

approximately 1:6:15:20:15:6:1), which was due to coupling of the s.ix 

equivalent ortho fluorine atoms at the ring to the phosphorus atoms. 

They also measured the chemical shift of (C6FS)3P relative to an 

external standard of 85% phosphoric acid and reported it to be 77.9 

ppm33 • The chemical shift upfie1d from CC13F of 19F nmr of (C6FS)3P 

was found to be 130.9 ppm for the ortho f1uorines, 149.0 ppm for para 

fluorine and 160.7 ppm for meta f1uorines to phosphorus. The coupling 

constants were found to be Jm- p = 20.5 cps and J o- p = 2.8 where 0, m, p 

are ortho, meta, para f1uorines to phosphorus. The ortho-f1uorine 
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phosphorus coupling constant was found to be 39.4 ± 2 cps, compared to 

approximately 36 cps obtained from 31p nmr spectrum33 • 

Barlow, Green, Haszeldine and Higson34 studied the high resolution 

nuclear magnetic resonance spectra of some pentafluorophenylphosphorus 

compounds including tris(pentafluorophenyl)phosphine and they found the 

intensity of (C6FS)3P (40% w/v in diethyl ether) 19F nmr spectrum was 

inadequate for accurate extraction of the ring coupling constant. The 

value of IJl-21 was approximately 38 cps which is close to Jp-f = 36 

and 39.4 cps reported by Emeleus and Miller. 

Nichols 3S reported the spin-spin coupling constan~of tris(penta-

fluorophenyl)phosphine, J p- F2 = 36.5, J p- F3 < 1.0, J P- F4 < 1.0, 

J 2_4 = +4.3, J 2_3 = -24.2, J 2_5 = +8.8 and J 3- 5 = -4.6 Hz. 

Hogben and Graham36 reported the chemical shift and some coupling 

constantsof (C6FS)3P which were similar to the previous papers 33 ,34,3S. 

Miller 37 studied the mass spectra of tris(pentafluorophenyl)-

phosphine and its oxide and sulfide (see Appendix, p. 71). Miller et a1. 38 

also studied the fragmentation and rearrangement processes in the mass 

spectrum of tris(pentafluorophenyl)phosphine (see Appendix,Np. 71). 

Although tris(pentafluorophenyl)phosphine was studied spectro-

scopically (nmr, mass spectra), no work has been done involving 

tris(pentafluorophenyl)phosphine under nucleophilic attack. 

Tris(pentafluorophenyl)phosphine contains three equivalent 

pentafluorophenyl groups, each bonded to the same phosphorus atom. 

The phosphorus atom in this compound has a.nf;unb0uded electron pair, while 

the oxide of this compound has no free electrons on phosphorus. 
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During nucleophilic attack on tris(pentafluorophenyl)phosphine, 

the following effects have to be considered: that of the three bulky 

pentafluorophenyl groups, of the substituent (phosphorus) on the rings, 

of the five fluorine atoms on each ring and of the presence ot absence 

of the free electron pair in the phosphine and phosphine oxide. 
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RESULTS AND DISCUSSION 
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The reaction of Tris(pentafluorophenyl)phosphine with HMPA 

The reaction of tris(pentafluorophenyl)phosphine with hexamethyl 

phosphoric triamide readily gave the trisubs'tituted product 

tris[4-(N,N-dimethylamino)-2,3,5,6-tetrafluorophenyl]phosphine in high 

yield (75%). 

Pedersen, Perregard and Lawesson 39 have used HMPA as a nucleophilic 

reagent with p-substituted nitrobenzenes and obtained N,N-dimethyl-

p-nitroaniline. They suggested the following mechanism: 

CH3 CH3 

02NO 
...... / 

(Me2N)3P=O N) ,.. 
°2N ·m ~ P=O 

I 

[ 1] [21 
(N-Me2) 

02N~~-Me2 <> 02N 
,- -Me2 

-p=o 
I 

X= NO [ 3J [ 4] (N-Me2) 2 , 
C1, Br , OH , OMe . 
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p-Substituted nitrobenzenes do not react with dimethylamine at normal 

pressure but rather require high pressures. Conversely, the strongly 

basic nature of HMPA and its higher boiling point render it a better 

nucleophile. 

Tris(pentafluorophenyl)phosphine with its lone pair of electrons 

is expected to deactivate the rings towards nucleophilic attack by 

increasing the electron density around them. However, the reaction was 

surprisingly fast and it led to the trisubstituted derivative in 10 

minutes. This reflects the strongly nucleophilic nature of the reagent. 

The product was the result of para displacement only and no other isomer 

could be detected. Scheme 1, ,on the following page, may be considered a 

likely mechanism for this reaction. 

The mechanism suggested depends on the proposed formulation of 

hexamethylphosphoric triamide 41 : 

and 

\1 
N 
I 

'N=P-O 
,/ I 

N 
1\ 

The negative charge is normaH:y located on the oxygen atom with a partial 

positive charge on the nitrogen atoms. For that reason, the ring will be 

attacked first by the oxygen atom followed by rearrangement leading to 

the product. That nucleophilic attack is likely to be initiated by the 

phosphord!.c, oxide oxygen in this mechanism is further supported by the 

results obtained from the reaction of hexamethylphosphorous triamide 
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(in which oxygen is lacking) with compound [5]. In this case no nitro

genous product was isolated, indicating that nitrogen did not take part in 

the nucleophilic attack. Instead, two polymeric products were obtained 

(see experiment XIII). 

The pure product, tris[4-(N,N-dimethy1amino)-2,3,5,6-tetraf1uorophenyl]

phosphine [12] gave white crystals with a melting point of 1100C. The 

yield of the pure product was 75% compared to that of the crude material 

which was 92%. This is probably due to the presence of some by-product 

phosphine oxide arising from a side reaction. The latter is less soluble 

in ethanol than the major product. Therefore, recrystallization twice 

from ethanol was enough to give pure product. The difficulty encountered 

in isolation of the product is apparently due to the presence of excess 

HMPA. This could be overcome by stirring the reaction mixture with water 

for one or two hours. 

The microanalysis agreed well with the calculated data. The infra-red 

spectrum showed medium absorption bands at 2925 and 2875 cm- I • These 

correspond to asymmetric and symmetric stretching of C-H bonds in the methyl 

groups respectively. The spectrum also showed a medium absorption band 

at 2800 cm- I which is characteristic for N-CH3 group attached to an 

aromatic ring40 • 

The proton-n.mer. spectrum gave a triplet (at 0 3.0) due to the 

splitting of the methyl groups' protons by the two fluorines ortho to 

nitrogen. The fluorine-n.m.r. spectrum gave two signals with different 

splitting patterns at 152.7 and 134.8 p.p.m. having the same integration 

ratio, which indicates the para substitution to phosphorus. 



The reaction of tris(pentaf1uoropheny1)phosphine [5] 

with dimethyl formamide 
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This reaction was slower than the reaction with HMPA and gave 

trisubstituted product (one substitution for each ring) after 51 hours. 

Only 14% of the starting material was consumed after 3 hours of reaction 

giving as the product the monosubstituted derivative (substitution in 

one of the three rings). After 7 hours of reaction the disubstituted 

material started to appear. The trisubstitution product was formed only 

after 12 hours and it was present together with the first two. This 

indicates that the milder reagent, (DMF), only attacks one ring at a 

time. The starting material was consumed after 51 hours giving only one 

product, namely the product of trisubstitution, i.e., in which each ring 

is monosubstituted. The observed slowness of the reaction, leading 

eventually to the trisubstituted product, may be the result of ring 

deactivation due to the presence of the electron pair on the phosphorus. 

The latter, being deloca1ized in resonance with each of the three rings, 

makes them partially deactivated. This effect will increase as the reaction 

progresses; i.e., as the nucleophi1e attacks one of the rings, the other 

two will experience more of the deactivation effect. This is due to the 

fact that the third ring, which is being attacked, is no longer available 

for resonance; thus, the resonance activity will be concentrated more in 

the other two rings until the substitution in the third ring is complete. 

This is repeated as each ring in turn is substituted as shown in Scheme 2. 

That the inductive effect of the nitrogenous substituent is less than 

that of fluorine, is reflected in the fact that no second substitution is 

observed in any of the rings that have been attacked once. The overall 
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reaction product is the quaternary ammonium salt [11] who~~ mass 

spectral analysis was not conclusive. Addition of aqueous sodium 

bicarbonate solution afforded the free triamino compound [12]. 
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It was necessary, for the final trisubstituted product [12] to 

predominate, to use a long reaction time of 51 hours. This is probably 

due to partial hydrolysis of [7] and [9] to the corresponding free 

amines by the .small percentage of water already present in commercial 

DMF. The reactivity of these amines is much lower than that of their 

salts mainly because of their large resonance stabilization as shown 

below. 
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The yield of isolated pure [12] was 71%. The same product was 

obtained in higher yield (75%) and a lesser reaction time (10 min) by 

use of (HMPA) and (C6FS)3P. In either case the product was always 

accompanied by a detectable amount of phosphine oxide as a by-product 

which could be identified by its mass spectrum. However, the amount of 

this by-product was large in the second case, (the DMF reaction). This 

is conceivably due to the longer period of time required by the reaction. 



The reactionoftris(pentafluorophenyl)phosphirte [5] 

with diethyl formamide 
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This reaction required 71 hours to produce tris[4-(N,N-diethylamino)-

2,3,5,6-tetrafluorophenyl]phosphine [14] in a yield of 50%. This 

appears to be somewhat slower than the reacaion'lof [5] with DMF, possibly 

because of steric reasons which may also reflect upon the yield. The 

reaction is expected to follow a similar mechanistic pathway to the one 

suggested for the DMF reaction (p. 22). The product [14] showed correct 

microanalytical data. Its infrared spectrum contained absorption bands 

H20 

[5] 

[Et2N~0)-13P + 3HF + 3HC02H 
[14] 

at 2963, 2925 and 2865 cm- 1 corresponding to C-H stretching modes. The 

proton-n.m.r. spectrum showed a triplet at 0 1.1 and a quartet at 

o 3.3 with integration ratio of 3:2 which indicates the presence of 

ethyl groups. The fluorine n.m.r. spectrum gave two signals with 

different splitting patterns at 150.8 and 134.7 p.p.m. having the same 

integration ratio, which indicates the parasubstitution to phosphorus. 



The reaction of Tris(pentafluoropheny1) phosphine IS] 

with Hexaethy1phosphoric triamide (HEPA) 
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Compound [5] reacted with HEPA to give a mixture of bis(pentafluoro

phenyl)-(N,N-diethy1amino-tetrafluorophenyl) phosphine, pentafluoropheny1-

bis(N,N-diethy1amino-tetrafluorophenyl) phosphine and tris(N,N-diethyl

amino-tetraf1uoropheny1) phosphine in 30 min. This reflects the signi

ficant differences in terms of electron donation, and hence nuc1eophi1icity 

already estab1ished41 ,43, between HEPA and HMPA (reaction with the 

latter took only 10 min to give a single product [!2]). HEPA is less 

electron donating than HMPA as indicated in the following ordering of 

base strength41 ,43: 

[(CH3)2N]3PO > (C2HSO)3PO > (C2HSS)PO > (C6HSS)3PO > [(C2HS)2N]3PO 

As can be seen, HMPA and HEPA are situated at opposite ends in this 

series. Moreover, it is conceivable that HEPA would have more steric 

difficulties in completing the reaction than would HMPA. The reaction 

mechanism would be similar to the one already suggested for the HMPA 

reaction (see p. 19 ). 

The reaction of tris(pentafluoropheny1)phosphine IS] 

with hydra~ine 

Tris(pentaf1uoropheny1)phosphine gave, on reaction with aqueous 

hydrazine in ethanol, the tri-substituted product tris[4-hydrazo-

2,3,5,6-tetrafluorophenyl]phosphine [18] in 79% yield, which is

relatively high for this type of reaction. It took almost l6~ h for the 

reaction to go to completion. The mechanism involved is shown in 

Scheme 3. 
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Saturation of the reaction mixture with water resulted in 

separation of the product in the form of almost pure white crystals, 

which were recrystallized from ethanol-water. No product of oxidation 

could be detected in this reaction in contrast to the preceding cases. 

The microanalytical data agreed w~11 with the calculated values. 

The infrared spectrum showed a strong broad band at 3300 cm- 1 for the 

NH-NH2 groups. The proton-n.m.r. spectrum lacetone~d6) contained a 

sharp singlet at 0 3 t 02 (NH2) , and a multiplet at 0 7.80 (NH) with 

integration ratio of 2:1 respectively. That substitution always 

occurred in the para-position is evidenced by the presence of a multi

plet at 155.6 and at 134.2 p.p.m. in the fluorine-n.m.r. spectrum with 

equal integration values. 

Examination of the table on p. 88 clearly reveals the solvent 

dependency of various reactions of tris(pentafluorophenyl)phosphine [5] 

with hydrazine. In contrast to the preceding reaction (in a large 

excess of ethanol), in which compound [18] was produced in high yield, 

the use of ethanol/aqueous hydrazine (ratio of 1.75:1, v:v) as solvent 

for 3-5 h (at 85°C) led, first to normal substitution in the rings, 

accompanied by cleavage of the C-P bonds. This means that the C-P bond 

is prone to attack by hydrazine when the latter is present in excess. 

When the reaction was allowed more time (6~ h) only tetraf1uoropheny1 

hydrazine (the C-P bond cleavage product) was isolated. When aqueous 

hydrazine alone was used as solvent, the reaction took only 1 h at 108° 

and led exclusively to tetraf1uoropheny1 hydrazine. A possible mechanism 

leading to the product is shown below (Scheme 4). 
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SCHEME 4 

• 

flHNH2 

G 
+ ",10)- 1>" -NHNH2 

An interesting observation was made when the reaction was carried 

out in dwoxane (large excess) at room temperature for 45 min. The 

reaction was exothermic and produced the phosphine oxide [38] almost 

quantitatively. No substitution product was observed. 
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The reaction of tris(pentafluoropheny1)phosphine [5] 

with N,N-dimethylhydrazine 

Tris(pentaf1uoropheny1)phosphine when ref1uxed in N,N-dimethy1 

hydrazine for 1~ h in the presence of anhydrous potassium fluoride gave 

the trisubstituted product [20] in 71% yield. However, the yield was 

considerably lower (40%) when potassium fluoride was excluded, and the 

reaction required longer time (almost 7 h). Thus in addition to its 

dehydrating effect, potassium fluoride presumably enhances the 

nuc1eophi1icity of dimethyl hydrazine. The fluoride anion hydrogen-

bonds to the hydrazine, thereby transferring electron density, via the 

hydrogen bond, to the electron acceptor44 ,45. Furthermore, it 

removes the hydrogen fluoride produced in the reaction 

HF + KF --+ KHF2 
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The following mechanism is, therefore, proposed: 

[5 1 

p 

3 

[20J [19J 
+ 

2KHF2 
The reaction is likely to proceed through an intermediate hydro fluoride 

salt which would be in equilibrium with KHF2 as shown below. This 

KF + HF ----.-7 

/ pt + KF 
"'-..,. 
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would explain the formation of the unstable solid observed during the 

reaction. Fruitless attempts were made to isolate this solid, which 

decomposes on the filter paper immediately after filtration. This 

assumption is further supported by the fact that the amine [20] was 

formed in lower yield when the reaction was performed in the absence of 

potassium fluoride. In this case it is assumed that the hydrof1uoride 

salt would be present in larger amounts and that its decomposition with 

time (7 h) is reflected in the observed low yield (40%). Addition of an 

aqueous solution of sodium bicarbonate in both cases caused the separation 

of the free amine [20] as a gum, which solidified later upon washing 

with water and 1igroin. The mass spectrum of the product .howed one 

molecular ion of m/e 652. However, the proton and f1uorine-n.m.r. 

spectra revealed this product to be a mixture of two compounds, most 

likely of isomeric nature. Upon recrystallization from 1igroin, a single 

compound in the form of white needles was isolated, whose proton-n.m.r. 

spectrum confirmed it to be tris[4-(N,N-dimethy1hydrazine)-2,3,5,6-

tetraf1uoropheny1]phosphine [20]. The spectrum showed a sharp singlet 

at 0 2.6 corresponding to the dimethy1amino groups, and a triplet-like 

multiplet centered at 0 4.5 for N-Hgroups. The f1uorine-n.m.r. spectrum 

contained a multiplet at 156.9 p.p.m., corresponding to the fluorine 

groups ortho to nitrogen. Another mUltiplet appeared at 134.3 p.p.m. 

representing the fluorine groups ortho to phosphorus. The two mu1tip1ets 

integrated to a ratio of 2:2 indicating para substitution. The infrared 

spectrum of the product [20] showed an absorption band at 3250 cm- 1 due 

to N-H groups, and its analytical data agreed well with the calculated 

values. 
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Evaporation of the recrystallization mother liquor yielded a 

mixture containing the second compound which was shown to be [21], an 

isomer of [20], as well as some of [20]. The proton-n.m.r. spectrum 

~ rHs 
CH s- N--N 

S a 

[21J 

p ] 
2 

showed three different proton resonances. A:!singlet at 0 2.6, comparable 

to that of the dimethylamino group at [20], which belongs to the 

S-methylamino groups of [20] and [21], a small mUltiplet which appeared 

at 0 4.55 corresponding to NH groups, and a triplet at 0 3.00 belonging 

to a methyl group attached to the a-nitrogen atom and being split by the 

two ortho fluorine atoms. This triplet is obviously lacking in the 

spectrum of [20], and is comparable, in terms of chemical shift, to the 

triplet contained in the spectrum of [12]. Similarly, three different 

resonances were seen in the fluorine-n.m.r. spectrum of the mixture, two 

of which were comparable to the resonances of [20], namely a multiplet 

at 156.9 and at 134.3 p.p.m. The third signal was a multiplet centered 

at 152.5 p.p.m. which is lacking in [20]. This signal was found to have 

almC!lst the same chemical shift as the signal corresponding to the two 

fluotin, groups ortho to the dimethylamino group in compound [12]. The 

total integration value of the two signals at 156.9 and 152.3 p.p.m. 

(corresponding to fluorine ortho to nitrogen) was found to be equal to 

the integration value of the signal at 134.3 p.p.m. (corresponding to 
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the fluorine ortho to phosphorus, the resonances of the two isomers 

overlapping) which also indicates para-substitution. It was thus 

concluded, on the basis of the foregoing spectroscopic analysis, that 

the second isomer is best represented by structure [21]. A possible 

mechanism leading to the product may be proposed as follows: 

SCHEME J 

~UF }f.F~ .. - ~ + "-~N-NH2 
/' 

Me 
[5] 

3: 
-'. 

- HF 

[21J 

This mechanism would be possible if the dimethy1ammno center, in 

dimethyl hydrazine, participated at some point in the nucleophilic 

attack. Migration of a methyl group to the vicinal nitrogen atom would 

then lead to the product. Such migration is known in this type of 
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reaction, 46,47. At this pOint, it must be realized, however, that there 

is not enough evidence to claim that compound [21] is homogeneously 

substituted in this fashion. 

The reaction of Tris(pentaf1uoropheny1)phosphine [5] 

with phenyl hydrazine in Tetrahydrofuran 

Compound [5] reacted with phenyl hydrazine in ref1uxing THF to give 

after 8 h a yellow, crystalline product whose mass spectrum (Table 8 ) 

indicated a molecular weight of 620 corresponding to bis[pentaf1uoro

pheny1]-[4-(8-pheny1hydrazino)-2,3,5,6-tetraf1uoropheny1]phosphine [22]. 

This was further supported by the proton and f1uorine-n.m.r. data. Two 

multiplets at 0 5.8 and 6.1 were seen in the proton-n.m.r. spectrum 

having the same integration ratio and corresponding to -NHPh and -NH~f 

groups respectively. A multiplet was also seen at 0 6.9 characteristic 

of the 5 phenyl protons. The fluorine-n.m.r. spectrum showed a 

multiplet at 131.5 p.p.m. for the fluorines ortho to phosphorUs in the 

unsubstituted rings. Another multiplet was observed at 132.8 p.p.m. 

corresponding to the fluorines ortho to phosphorus in the substituted 

ring (meta to nitrogen). The spectrum also showed a mUltiplet at 

149.9 p.p.m. for the fluorines para to phosphorus in the unsubstituted 

rings. Centered at 158.7 p. p.m. was a fourth multm:iillet belonging to 

the fluorine groups meta to phosphorus in the substituted ring (ortho 

to nitrogen). Finally, a 'signal was seen at 161.0 p.p.m. representing 

fluorines meta I. to phosphorus in the unsubs ti tuted rings. These 

multiplets had integration ratios of 4:2:2:2:4 respectively. 
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The reaction of Tris(pentafluorophenyl)phosphine [5] 

with ammonium hydroxide 

The reaction of ammonium hydroxide with [5] in refluxing ethanol 

or THF in the presence of KF was attempted, but unsuccessfully. 

However, when the reaction was carried out in ethanol at high pressure 

it gave a mixture of [23], [24] a.nd [25] in low yield. Also arising 

in the same reaction were two ethoxy derivatives 

(NH2C6F~)P(C6F5)2 + 

+ [23J 

+ 

[5J 
(C6F~NH2)2P(C6F~OC2H5) [26] 

+ 

I26] and [27] in a side reaction involving ethanol. When l-propanol 

was used as solvent, compound [25] was produced, in addition to a minor 

product [28] resulting from solvent participation. On the other hand, 

[5] 

NH 3 , H20 >" 

I-Propanol 
[25] [28J 
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when the reaction was performed in hexane, a mixture of [24] and [25] 

was obtained. The use of ammonium hydroxide alone as solvent resulted 

also in a mixture of the three products [23], [24] and [25]. Exclusion 

of ammonium hydroxide in a reaction run in ethanol at high pressure for 

24 h led to complete recovery of unchanged starting material [5]. 

Running the reaction in tetrahydrofuran, however, at high pressure with 

heating (130°C) in the presence of anhydrous potassium fluoride lead 

after 22 h, to tris(4-amino-2,3,5,6-tetraf1uoropheny1)phosphine [25] as 

the sole product. Interruption of the reaction after 13 h resulted in 

isolation of a mixture of products i24] and [25]. The reaction 

presumably owes its success to hydrogen bonding between the fluoride 

ion (from KF) and NH3, thereby transferring electron density, via the 

hydrogen bond, to the electron acceptor44 ,45 as shown below. 

p 

3 

[~ 
The product was recrystallized from 1igroin to give analytically pure 

[25] in 50% yield. The infrared spectrum showed , strong absorption 

bandsat 3500 cm- 1 and 3400 cm-1 characteristic of the amino group. 

The proton-n.m.r. spectrum exhibited a singlet at 0 4.2 belonging to 

NH2 protons. The f1uorine-n.m.r. spectrum contained a mUltiplet at 

135.2 and another at 162.5 p.p.m. of equ~l integrated intensity, 

corresponding to fluorine groups oriented ortho and meta to phosphorus, 

respectively indicating para substitution. 
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The reaction of tris (pentaf1uorophenyl) phosphine . [5] 

with formamide 

The phosphine .. ' [5] reacted with commercial fonnamide at reflux, 

giving a mixture of [23], [24] and [25] together with a side-product 

identified as [29]. This could be an intermediate of the reaction 

+ [23] [24J 

[5J 

[25J [29] 
leading to [25], or it may arise from partial reaction of formic acid 

with [25], with liberation of water. The latter possibility is likely 

considering that formamide may undergo the following equilibrium at 

high temperatures 48 : 

The reaction thus may be summarized in the following equations: 

(1) 
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(2) 

CHO 

+ H.COOH ~ HkoF4-P':::- + H2 0 

The reaction of Tris(pentafluorophenyl)phosphine [S] 

with aniline 

Aniline, being a relatively weak nucleophi1e, reacted with [S] in 

ethanol for nearly 71 h to give a mixture whose main component was the 

bis-derivative.' [30]. 

Ethanol,... 

[5J 
However, the use of aniline as solvent (instead of ethanol) led to the 

same result after only 6 hours. The proton-n.m.r. spectrum of the 

mixture exhibited a signal (multiplet) at 0 7.1, characteristic of 

aromatic protons, in addition to another signal at 0 S.8 due to the NH 

group. The f1uorine-n.m.r. spectrum indicated a multiplet at 133.7 

p.p.m. probably belonging to the two fluorine groups ortho to phosphorus. 

Another mUltiplet was also shown at 151.6 p.p.m. which was assigned to 

the two meta-f1uorines (with respect to phosphorus). The integration 

ratio of the two signals was 1:1. There was an additional small 

mUltiplet at 13S.2 p.p.m. probably due to some impurities. 



The reaction of tris(pentafluorophe.nyl)phosphiIie.'{5] 

with sodium hydrogen sulfide 
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Tris (pentafluorophenyl) phosphine [5] in toluene whell"'treated with 

a solution of sodium hydrogen sulfide in ethylene glycol led to the 

product(s) of phosphorus-carbon bond-cleavages, pentafluorobenzene and 

tetrafluorothiophen,l. The latter might have formed by direct attack of 

sodium hydrogen sulfide on the cleaved pentafluorobenzene or by cleavage 

of the already attacked ring in the starting material. 

On the other hand, when compound [5] in THF was treated with 

commercial sodium hydrogen sulfide in the presence of potassium fluoride, 

it reacted to give a mixture of unidentified products whose spectral 

data was inconclusive (see Experimental). 

The reaction of tris(pentafluorophenyl)phosphine [5] 

and its oxide [38] with alkoxides 

The reaction of compound [5] with different alkoxides in the 

corresponding alcohols lead mainly to C-P bond cleavage products. The 

presence of the three electron withdrawing substituents (C6FS) on 

phosphorus made it susceptible to nucleophilic attack by oxygen 

especially in polar solvents (alcohols). When triphenyl phosphine 

[C6HS]3P, however, was treated with sodium methoxide in methanol, the 

starting material was recovered unchanged. Furthermore, the presence 

of one pentafluorophenyl ring (in addition to two phenyl groups) on 

phosphorus was not effective enough to lead to C-P cleavage products. 

Instead, it led to mono-substitution on the fluorinated ring28. 



Presumably C-P bond cleavage is possible only when more than one 

strongly electron-withdrawing group is attached to phosphorus. 
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Aliphatic derivatives are even more susceptible to nucleophilic attack 

as shown by the reaction of tris-trifluoromethylphosphine with an 

aqueous solution of sodium hydroxide at 20° leading to fluoroform50 ,51. 

Similar results were also obtained when compound [5] was treated with 

methanolic potassium hydroxide solution. It led exclusively to products 

of C-P bond cleavage (Exp. XIVe). 

It was suggested by some workers that, after the initial attack on 

phosphorus, the most electronegative group is removed preferentially52. 

In the reaction of [5] with alkoxide ions, the main products are 

pentafluorobenzene and alkoxytetrafluorobenzene. The latter is a product 

of either cleavage of an already substituted ring or direct substitution 

of pentafluorobenzene. That the reaction of tris(pentafluorophenyl)

phosphine [5] with lower alkoxides such as sodium methoxide, at higher 

temperatures led only to alkoxytetrafluorobenzene, with no pentafluoro

benzene formation, may be taken to indicate that C-P bond cleavage takes 

place first, followed by substitution reaction leading to the product. 

In contrast to these results, the reaction with higher alkoxides, such 

as t-butoxide at room temperature was relatively sluggish and led only 

to the mono-substitution product, and no cleavage products could be 

detected (Exp. XlVi) (see Scheme 6). 

When methanol was replaced by ether as solvent, in the reaction of 

I5] with sodium methoxide, tris(4-~thoxy-2,3,5,6-tetrafluorophenyl)

phosphine [37] was produced in 20% yield, in addition to the usual 

cleavage products. This indicates that a decrease in the solvent 
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polarity would increase the rate of substitution and suppress the 

cleavage reaction, to some extent. 

3 

The proton-n.m.r. spectrum of [37] showed a triplet centered at 

o 4.1 resulting from the coupling of O-methy1 group with the two 

ortho-f1uorines. Para substitution was indicated by the appearance, 

in the f1uorine-n.m.r. spectrum, of two mu1tip1ets of the same 

integration ratio at 133.3 and 157.9 p.p.m. 

The behaviour of tris(pentaf1uoropheny1)phosphine oxide [38] in 

similar reactions was also studied, and found to be somewhat similar to 

that of [5]. Thus, when the phosphine oxide [38] was treated with 

sodium methoxide in methanol at reflux, two rings were cleaved off and 

the third was doubly substituted, thus leading to the product [42]. 

+ CHaO CHaOH ~ 

[38] [391 [4 OJ 

[41J 
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In hexane, the reaction of [38] with sodium methoxide at room 

temperature led to 60% yield of [42] together with pentafluorobenzene 

(40%). No tetrafluoroanisole was detected. This perhaps indicates 

that in this case nucleophilic attack at phosphorus occurs first, 

followed by substitution of the remaining ring (on phosphorus). 

The effect of potassium hydroxide in methanol and potassium 

ethoxide in ethanol upon [38] was shown to be the same in that only 

cleavage products were obtained. Both reactions were carried out at a 

high temperature (reflux). Thus, potassium hydroxide in methanol led 

to trifluoro-dimethoxy benzene (95%) and tetrafluoroanisole (5%), while 

potassium ethoxide in ethanol gave a 60% yield of tetrafluoroethoxy

benzene in addition to 60% of pentafluorobenzene. 

It was therefore con eluded that in polar solvents, C-P bond cleavage 

would be the preferred course of the reaction. 
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The Site of Substitution 

The reactions of tris(pentafluorophenyl)phosphine [5] with the 

nucleophiles listed in the following scheme gave only para-substitution 

to phosphorus. 

Nu > 

[5J 

Reagents Solvents Compound Number 

NMe2 HMPA HMPA 12 

NMe2 DMF DMF 12 

NEt2 DEF DEF 14 

NHNH2 Hydrazine Ethanol 18 

NHNMe2 N,N-dimethyl hydrazine NH2-NMe2 20 

NH2 NH40H THF 25 

OCH3 CH30Na Ether 37 
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There are three factors to be considered in the understanding of 

the reactions in question. The presence of a free electron pair on 

phosphorus 'deactivates the pentafluorophenyl groups by means of +M 

effect. The three electron withdrawing, pentafluorophenyl groups 

attached to phosphorus tend to create a partial positive charge (+8) on 

the latter. Empty d orbitals of phosphorus perhaps overlap with the 

p orbital of the ~ system in the rings (VIII). 

There are three possible transition states; each of them is 

stabilized by resonance to a certain extent as shown below: 

",,+8X
P 

F 
F Nu 

I Para II III 

F F 

VI VII 

Meta 

C1 Nu 

0 F 

VIII 

v 
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The stability of structures of this type is a result of the 

interaction of the phosphorus or fluorine atoms with the negative charge 

localized on the adjacent carbon atom. The coulombic repulsion26 

[In-repulsion] between the fluorine p-electrons and the n-system of the 

ring is greater than that between phosphorus and the ring. The 

interaction between fluorine and the negative charge destabilized the 

transition state, conversely, the interaction between the negative 

charge and phosphorus will stabilize the transition state. This 1a due 

to the partially positive charge (+0) created on phosphorus and the 

possible overlapping of the n-system p-orbital and the d-orbital of 

phosphorus. 

The stability of the proposed transition states decreases in the 

order: para-quinonoid > orthoquinonoid > meta-quinonoid structures. 

Structures IV, V and VII reppesent the t~ansition states (T.S.) of 

ortho- and meta-substitutions. They are of the ortho-quinonoid type 

structure. The transition states IV and VII should be of approximately 

equal stability which would be less than that of V. The expected high 

stability of V is based on the fact that the negative charge would be 

reasonably accommodated by the carbon atom carrying the partially 

positive phosphorus group. However, the steric factor imposed by the 

two bulky pentafluorophenyl groups would prevent, to a large extent, 

any ortho substitution. Structures I, III and VI represent the T.S. 

of para-, ortho- and meta-substitution respectively. The stability of 

T.S. I is greater than III and VI for the same reason menti0ned.:for 

T.S. V, but sterically more favorable. From the preceding analysis, 

it would be concluded that structure I represents the favoured 

transition state in this system. 
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Nuclear magnetic resonance 

Proton nuclear magnetic resonance 

Protons chemical shift for [X-C6F4]3P compounds 

[ xP.]: 
F6 F 5 3 

X Chemical Signals Coupling Solvent Compound 
shift Constants 
(p.p.m. ) (Hz) 

/ CH3 
-N 3.0 Triplet J(CH3, F2), 2.4 CDC13 12 

' CH3 

.... CHr CH3 1.1 Triplet 
-N JH H 7.0 CDC13 14 

..... 3.3 Quartet 
, 

CH2-CH3 

2.9 Singlet 
-NH-NH2 (CD 3hCO 18 

7.8 Multiplet 

/ CH3 2.6 Singlet 
-NH-N J(H, N), 3.7 Hz CDC13 20 

' CH3 4.5 Multiplet 

/ CH3 2.6 Singlet 
-NH-N J(H, N), 2.7 (CD 3hCO 20 

' CH3 6.2 Multiplet 

-NH2 4.2 Singlet (broad) CDC13 25 

- OCH3 4.1 Triplet J(CH3, F2), 1.8 CDC13 37 



X 

~H3 
-N 

' CH3 

/Et 
-N 

'Et 

- NHNH2 

- NH2 

-OCH3 

C6HSX signals 
chemical shift 
(p. p.m.) 

2.9 singlet 

1.1 triplet 

3.3 quartet 

3.4 singlet 

5.2 multiplet 

3.4 singlet 

3.8 singlet 

TABLE 1 

solvent [P-C6 F4X] 3P 
chemical shift 
(p.p.m.) 

CDC13 3.0 

1.1 
CDC13 

3.3 

2.9 
CDC13 

7.8 

CDC13 4.2 

CDC13 4.1 

signals 

triplet 

triplet 

quartet 

singlet 

multiplet 

singlet 

triplet 

solvent 

CDC13 

CDC13 

(CD3)2 CO 

CDC13 

CDC13 
.p
IC 
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F1uorine-nuo1ear magnetic resonance 

Hexaf1uorobenzene usually gives a sharp singlet at 0 163 p.p.m. 

in its n.m.r. spectrum. Replacement of two para fluorine atoms with 

phosphorus and [Xl groups would naturally give the compound radically 

different characteristics. The chemical shift of the ortho-f1uorine 

atoms (with respect to phosphorus; i.e., F-3 and F-5) is in the range of 

133 ± 3 p.p.m. for Compounds 5, 12, 14, 18, 20, 25, 27. This varies 

slightly with different [Xl groups. On the other hand, the chemical 

shift range for the other fluorine atoms (F-2 and F-6) is around 

156 ± 6 p.p.m. for the same compounds. This shift is, as expected, more 

sensitive to changing [X] groups, and it increases in the following 

order: 

substituent [Xl NEt2 NMe2 NHNH2 NHNMe2 OCH3 F NH2 

chemical shift 
of (F-2 & F-6) 150.8 152.7 155.6 156.9 157.9 159.8 162.5 
(p.p. m.) 

In the phosphorus nuclear magnetic resonance spectra of the same 

group of compounds there was a signal (septet) due to coupling between 

phosphorus andF-3, -5, -3', -5', -3", and-5". The coupling constant 

values observed in the 3IP-n.m.r. spectra and those observed in the 

I9F-n.m.r. spectra (previous table) in the signals involving F-3, -5 

and phosphorus, (see the table below) are within experimental error, 

confirming the assignment used on the complicated I9F mu1tip1ets. 
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Compounds [12] and [37] showed, in their IH n.m.r. spectra a triplet 

with a coupling constant, 2.4 Hz and 1.8 Hz respectively. Both methyl 

groups in compound [12] seem to be chemically equivalent with respect to 

the two ortho fluorine groups. This is due to free rotation aroung the 

nitrogen-ring carbon bond. The O-methyl group of compound [37] 

appeared at a lower field (8 4.1) than that at which the N-methyl groups 

of compound [12] appeared (8 3.0). This is expected on the basis of the 

difference in electronegativity between oxygen and nitrogen and 

consequently between their relative deshielding effects. 

The ethyl groups in compound [14] showed the expected characteristic 

signal. However, there is no coupling between the methylenes and the 

ring fluorines. 

In compounds [18], [20] and [25], there was no coupling between 

the N-hydrogens and the ring fluorine atoms. 

The following table shows a comparison, in terms of chemical shifts, 

between [X~~~]3P derivatives and similarly substituted benzenes. 



TABLE 2 

[~0>L p 
X Chemical shift Coupling Constants Source Compound 

F3 5 F2 6 h;;2 J2,3 J2,6 J 2 5 J 3,5 J(F3 5_ 31p) Number , , , , 

F 130.6 159.8 20.0 24.2 4.6 8.8 36.5 ref. 35,36 5 

/Me 
-N 

'Me 
134.8 152.7 2.4 19.0 6.8 3.2 36.0 this work 12 

- NEt 2 134.7 150.8 0 20.0 (0.6-2.5) 6.0 3.2 36.3 " " 14 

- NHNH2 134.1 155.6 0 19.6 3.2 6.5 3.4 37.2 " " 18 

-NHNMe 2 134.3 156.9 0 21.0 3.2 7.0 3.5 36.6 " " 20 

-NH2 135.2 162.5 0 20.1 6.85 3.43 37.8 " " 25 

- OCH 3 133.3 157.9 1.72 16.7 6.7 3.45 35.8 " " 37 

The chemical shift of (F3,5) the two f1uorines ortho to phosphorus and of (F2 ,6) the two f1uorines ortho to 

substituent X in parts per million (p.p.m.). The fluorine chemical shift scale is based on C6F6 = 163.0 p.p.m. 
Ln 
N 

upfie1d from CFC13. The coupling constants are in Hz. 

c 
',,"c'''"'".~'-''''''''''~! 2ft'#' ffl4"'OIl!:sil!lb 
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3 IP-n.m. r. 

Substituent [X] -F - NMe2 - NEt2 - NHNH2 NHNMe2 - NH2 -OCH3 

Chemical shift 74.22 76.86 76.52 71.84 76.26 77 .24 75.46 
(p. p. m.) 

Coup1in~ constant 36.2 36.1 36.3 37.3 36.6 37.8 35.8 
J(F3 5- Ip) Hz , 
Compound 5 12 14 18 20 25 27 



560 
330 
165 

600 
300 
150 

10 
5 
2,5 

540· 
270 
135 

9 
4,5 
2,25 

460 
240 
120 

I--'--I~--T--I--' 

420 
210 
105 

7 
3,5 
1,75 

360 
180 
90 

6 
3 
1,5 

300 
150 
75 

2,5 
1,25 

240 
120 
60 

4 

i 

180 
90 
45 

3 
1,5 
0,75 

120 
60 
30 

0,5 

60 
30 
15 

0,5 
0,25 

o Hz 
o 

ppm 

o 

No ....... 

BOOR 
SPECTROSPIN 

\ 

IIAJt/4 ..,----,-T------l 

60MHz_1H
Spectrum 

s.mple1Ll$./f:.rJi~If)H!lth'll/tJ 
"'".5'''~i~~)H 

.(12) InC~. 
Int. slandard ....... ~!1"i. ............ .. 
Temp.amb. ~ 

OK 0 

r,~N @ll p 
G~ Jl 

Signal I, 

PUis wldlh (PW) ...... ? .. ~ .. l. .... ~s.e 
Polnls (SI) ........ ~ ...... k/ .... ct. .... . 

Spectrum 

widlh (SW) f, ..... l::5.a ... Hz/em 

Offset(A) f, ...... ;J~. Hz 

Time ... . .............. .$..: .. .ff.. ........ sec 

IIm.s (NS) . ... l ........ scans 

Time constant (Te) "' 

Oecoupllng fll 

Frequency," ... . ... Hz 

Power ............ . 

V1 
~ 

Dal./1Ml:.~5 .......... .. 
Operator .......... U ........ · .. 



660 
330 
165 

1~ 
$,5 
~,75 

I ' 

600 
300 
150 

10 
5 
2,5 

540 
270 
135· 

9 
.,5 
2,25 

'-;-~~----r--l--:-r'··--T~~-I--, --r---;--'-; 

" ~. 

[ 

4ao 
240 
120 

8 
4 
2 

I 
! 

: < i 

420 
210 
105 

t 
~,5 

!" 

1,75 ! 

360 
180 
90 

6 
3 
1,5 

300 
150 
75 

5 
2,5 
1,25 

. ,--

L 

240 
120 
50 

oj 
2 
1 

: I 

I 

180 
90 
45 

I 

·1-

120 
50 
30 

_.! 

50 
30 
15 

! I 

I t1 t.J 1 (. 1 'i " 

3 
1.5 
0,75 

2 
1 
0,5 

1 
0,5 
0,25 

o Hz 
o 
o 

€JJ 

o ppm 
o 
o 

c 

No ___ ...... _ ..... 

B8ER 

SPECTROSPIN 

60MHz·1H· 
Spectrum 

Sample h.i&.ff-~~""~&~~ 
-?l.~·'·~')h' 

(r4}.. In.c:?t6~ 
Int. Standard ............. ~4-s.. ............ . 
Temp. ambo JA 
.................... oK 0 

t:;J~: 
Signal I, 

Puis width (pw) ...... z--: .. l ... .Jd8e 

Points (51) ...... ~ ......... kI ........... .Y.'.. k 

Spectrum 

width (SW) I, ......... 1::.f....??. Hz/em 

Ollset (A) I, ...... ., .. ~ .... Hz 

Time ........................ ~: . .:£:. ............. eec 

tlmes (NS) .................. ./.. ............. scans 

Time constant (TO) .... ~ ............. . 

Decoupllng '. 

Frequency ......... :::::: ....... _ ....... d Hz 

Power -.•................ _ ...... 

NO~£ 131l1111~"'J' or 
;Jl.K'IlS -Et;f. 

t1lt'H'ILbi6 \.n 
\.n 

::~1¢--. 
>wk' .M,j -wuf <" tit!" 'Xi';4 



680 ~ ~~ I l I-~-=---~-~~r:--II'·-l-,-:!o~-T! 180 120 60 I.. i C Hz 

330 300 270 240 I 210 160 . '1 120 . . 90 60 30 I I ~ 
185 150 135 120 I I : 185 90 ' j 60: i 4s 30 15 I I ~ 

lf 
6,5 
p5 

1~ 
5 
~,5 

, 
: j . I 

I 

~- ! 

§ 
4,5 , 
2,25 ! 

I I .... '1" Iii I i 

i. .11 I ! ii, 1111 

II I · j I I I I ![ 

I : ./. II I I' . 
, . , I 'I I I ! 

, I i II I 1 I, i I 
i ' I. 1 I I I 

, I I /1 I 'I I I I 
'. I ' I, I I 

I ,I Ii' I ! i 
I '1 ' I I I 

I I i I 
·1 ; I I I I I ! 
i, I I 1 I I I I I 

L I I, I I'" j I' I I 
! '·1 I ' I 

II i ; • 
..: j 

I i , ~-I~ 
, ! 

8 r 6 
4 $,5 
~ .i 1.76 

3 
1,6 

5 
2.5 
1.25 

4 
2 
1 

3 
1,5 
0,76 

2 
1 
0,5 

j 
6,5 
~,26 

o ppm 
o 
\I 

No ..................... .. 

B~R 
SPECTROSPIN 

60MHz_1H
Spectrum 

Sample .. t'4Er~.J,J? .. 
·[1-81-.. ··· .... · .. · .... ··· .. · .. ·, .... ····· ..... · .. ··" .. · .. ·· 
Cone ..................... '10 In .. ti:J'$f!tJ.G/J J 

Int. Standard ......... ::1::"'1:..3 ................. . 
Temp.amb. [jl' 

.................... OK 0 

Signalf, 

Pula width (PW) ....... .2.., .. 1 ...... ""80 
Point. (SI) ....... i:: ....... k/ ...... '1.. ........ k 

Bpeclnmt 

width (SW) f, ............ r.~. Hz/em 

Ollsat (A) I, ....... ;!J.n::J. ....... Hz 

Time ....................... ~ ... :1. ............... 8ge 

IImas (NS) .................. l. ............ scans 

Tlma constant (TC) . 

DacoupOng " 

Frequency .......... = ............ Hz 

Power .............. ::::==:: ......... .. 

Date ... I.1(r/Z.? 
Operator .......... ~ ............... .. 

lJ1 
0-. 



660 
330 
185 

" ~.s 
2,75 
! 

600 
300 
150 

10 
5 
2,5 

540 
270 
135 

• 4,5 
2,25 

480 
240 
120 

8 
4 
2 

.-'---~--T---'- - -·,----1--···-1----'-

420 
210 
105 

i' 

I 
I 
i 
I 
I 
I 

380 
180 
90 

300 
150 
75 

240 
120 
80 

180 
90 
46 

·1··· 
I 
I 

i 

I 

120 
80 
30 

I 
/' : I 

I 
I-

i 

60 
30 
15 

o Hz 
o 
o 

No ._"".""_._,, 

aBER 
SPECTROSPIN 

60MHz_1H
Spectrum 

Sample ....... ...f2-{:}J... .......... _ ........ . 

Cone . ............... " ... fl,O in .. ~:!!r .. -
Int. Standard ................. :(1.1:) .......... . 

T.mp. ambo o;l/ 

.... " ... " ......... oK 0 

&-~®Jp 
Slgnal', 

Puis width (pw) ..... 2.., . ..I. ....... pA8C 

Points (SI) ..... Jt" ... kI 5'.. ............ k 

Spectrum 

wklth (SW) I, .... T:..~J!) ....... Hz/cm 

OIl •• t(A)I, .. 3~ ...... Hz 

Time ... _ ........ _ .... S: .. s.:.. ............... ••• 
tim •• (NS) .... " ........... /. .............. scans 

Thns constant ere) ...... ~ ... . 

Decoupllng I, 

Frequency ........... :=:: ..... ~. Hz 

Power ................. ::::::: .... . 

\JI 
-..J 

; L{ 1 

7 
3,5 
1.75 

6 
3 
1,5 

5 
2,5 
1,25 

4 
:! 
j 

3 
1,5 
0,75 

2 
1 
0,5 

1 
0,5 
0.25 

o ppm 
o 
o 

>fe'$ "ter M· "rr 1" l._lf 

D.ta ........ .t.#~ ...... . 
Operator .... " ... ~ ...... . 



" I 1 

~-:-rr-T~Trl-- -r- -r-;--r-~-r 

81!0 600 '540. l 4im I:; 420 380 300 . 240 180 120 80 0 Hz 
~ 300 m' mi' m ~ ~ m 00 80 80 0 
165 150 1;)5 ti~ I 105 90 75 80 <Is 30 15 0 

11 10 9 
1;,5 5 4.5 
il.7S 2.5 2.25 

iii i ' I 

8 
4 
Ii 

1 
3.5 
1.75 

, 

L· 

6 
3 
1.5 

L!-:i 
. ·1 

S 
2.5 
1.25 

I 

4 
2 
1 

. I 
. I 

3 
1.5 
0.75 

. . 

, 

,) ! l 
I 
I 
I 
I 
[ 
[ 

~. 

1 
0.5 

1 
0.5 
0.25 

. I 

o ppm 
o 
o 

No ... __ ._._. __ . 

BBER 
SPECTROSPIN 

60MHz_1H
Spectrum 

Sample({fl~.t!tJ:f.·t1et;··~P 

~-:=~ 
Temp.amb. II 
._ ...... _ ......... OK 0 

G. rlt J 
J:-.~JP 

61gnal r, 

PuIs wldlh (pw) "' .... z.: ... J.. .... ~.ec 
Polnls (51) ........ 8::: .... kl ... 3f... ........ k 

Spectrum 

width (SW) f, .... .. i':.szJ. ....... Hz/em 
OH •• I(A)f, ..... ~ ..... Hz 

Time ....................... ,r.: .. ;L ............. Bee 

limes (NS) ................... l.. ........... • osn. 

TIme conslsnl (TC) .. :::::: ............. .. 

DecoupUno I, 

::::.:.:.:~::.:=.:::::::::~:::::~~::::~: ... : ... 
I.Jl 
ex> 

081 .... L#5.: ....... . 
Operator ....... ~ ....... _ .. 



-T--:t---, -'--I 

660 600 540 480 420 360 300 240 180 120 60 0 Hz 
~ 300 m ~ m ~ ~ m 80 60 00 0 
~ ~ ~ m ~ 80 ~ 60 ~ ~ ~ 0 

1~ 
6,5 
2,75 
I 

10 
5 
iI,5 

I 
I 

! 

9 
.4,5 
2,25 

8 
4 
? 

I 

.1 
i .1 .. 

! 

! I 

1 
3,5 
1,75 

8 
3 
1,5 

Ii 
~,5 
1,25 

4 
2 
1 

3 
1,5 
0,75 

2 
1 
0,5 

1 
o.s 
0,25 

• C 

o ppm 
o 
o 

No ...................... . 

B~R 
SPECTROSPIN 

60MHz_1H
Spectrum 

Sample .:tk..!..$(!t.:Ad...4!K!.J'"';t~J$l 
~~ .. J~ 

~-5l In .. 6.{) ... ~ 
Int. Standard ......... u,.5 .. . 
Temp.amb. \N 
................. oK 0 

~~P 
Signal I, 

Puis width (PW) ..... ~ .. : . .!. ..... JWlO 

Points (SI) ..... fr. ....... kI ... Y.. ........ k 

Spectrum 

width (SW) f, ...... T.s:.a.. ..... Hzlcm 

Offset (A) f, .... 3.«!.C ..... Hz 

Time ...................... :r...~ .. :r... .............. •• c 

Urnes (NS) ................ L ............. scans 

Time constant (Tel ......... ~ ..... .. 

Decoupl/ng f, 

Frequency ........................................... Hz 

Po~r .............. ,.~,,~ .......... _ ...... ri 

VI 
\D 

D8te ... /1.'&&.'-.... : ..... . 
Operator .... ~ •....• 

'-'.l!..._,",-"i,..~""~,, '.,@§& 'Fir . reliiHCt nHt "I 'eM '* 



B8§R 
SAMPLE .. 

Solv. + lock {OJ 

D 0,0 pH .... 

ay{OCI, 

D d,-OMSO 

o C.O, 

D co,coco, 
D·········.·· .... · .. ··· 
D 

TjlS 

C}1nt. 
o ext. cap. 

o ext. calc. 

Oecoupllng 

o normaf 

o gated 

Freq . ................ Hz 

y>mp. 

~amb. 
o ........ oK 

60 MHz IH Spectrum Spec. No. 

(j:.(tl:/!4fy).?1P{37] ......... . 
No, of scans ............... ..!. ... . 

SW ............ 1:£<2. ..... Hz/cm 

Polnl •....... /( ... k / ............. '1. k 

pw .vl. sec. Re~~.1'.ec. 

12 ", 10!l 7 6 5 4 3 2 0 ppm 

I i I ! I I I I Iii I i I I I iii I I I I I I I I i II I j I I II I I I I I t I I I I I til I I I I I I I II I I I I I 1 I I I I m ~ ~ ~ _ ~ ~ ~.~._ ~ ~ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ m ~ ___ m _ 00 M ~ ~ 0 ~ 

0\ 
o 



i 
j 

..... ~ 
,:,~ 

!.) 

. <l 

r 

UI"R 
»» 
teEl) 

! 

toCIO -1$01) 

$4GO 
mo 
1360 -I'I4CIO 

1200 

:, II 

42QI) 

IItOO 
1000 

3IlOO 
1Il00 
800 

, ., 

,. 
11500 
760 

:1 

2400 
1200 

IKIO 

1800 
tQO 
4SO 

1200 
800 
300 

IKIO 
300 
UG 

.-----, 
Gill 
o 
II 

o PPIII 

No 

\Xl 
B~R 

SPECTROSPIN 

~ 56MHz.'Y. 
Spectrum .. 

~mp'.I4£JIft· J p 
[12].:: '-z.3-
Co ..••• 

no. .•.. • ' .• in t!l:. at. 
InL Slan6ard . _ ~ r; :I 
T.mp.amb. 5J ~ 

OK u 

111Il0l', 

Pu: ... IClIII(P'N). /'0 """ 
Po,,", \$11 . ••• r ... Y .... k 

SpecInIIa 

w4:' (SY.1 I, ./ '7 $C H.: ... 

O~ •• l .O,II • .2j7 .. "'t7? H: 

Tim •. _ ._,~ .:-0 ~ 

limes ;t<$l • ..,,2' .... " 
Time COf'!,r.", iTC) 

_>uplift", 
F',~w'~C)' !O;)-~.----:-. rU 

Po .... ·.r 

88 :J 
(;}N 

.. ...,:::; 

-....,;...-

.., ..... ~ ./,/ 
Olt. _...,...,~ II;;' _ ,,'" 

.,!..;.r", 
O~.t~, ()~ • 

(j\ ,..... 



I~-'------r-

6000 6000 5400 4800 4200 3600 3000 2400 1600 1200 6000Hz 
~ ~ ~ ~. ~ _ ~ ~ 600 a ~ 0 

1650 1500 1350 1200 1050 900 ~50 600, '.. ~.n 45,. 0.. ... 300 150 

r-~~ 

ppm 

No ... 

BOOR 
SPECTROSPIN 

/~ -l~.MHz-,r.:. ... -
Spectrum 

Sample ~;;;d~{;J~l? 

:~-~~~ 
Temp. ambo [J{ 

OK 0 

Signall, 

Puis width (PW) ... /~o. ...... ~sec 
Points (SI) ..... .1r. .. k/ ...... '/.. . k 

spectrum 

width (SW) I, /1'20.. .. .. Hz/em 

Offset (D,) I, .U,&:'6.V .... Hz 

Time .... ...................... .$. .. :(1.... . ..... sec 

times (NS) .. ........... :7"0. ........ scans 

Time constant (Te) . 

Oecoupllng f, 

Frequency (D,) ... 

Power ..... 

BB 0 

OW 0 

gated 0 

Hz 

'" N 

D.te ..... ?P/~~.:. 
Operator ...... ~' ......... . 



10"'" :IGO MOO 

=1 ~= leG 33CO 
10 1150 

. 

r 

! . 

-2100 
1050 

I 

"J 

... 1 ... i ,. 
, I 

i . ~ .. t~1· r'l 
i "j i -';" ;--; .... :. ·1·· 
I :'j ;, 

.. I - ... ---... ~ 
I 'i , 

. +._.j .. ..;.-+ . .i.L 

I 
.1 , 
I 
I 

_.\ 
I 

I 
! 
i 

I 
.j , 
.! 
I 

I 

I 
I 
I 
I , 

•. ; .. i 

I .' I '~"f 

! 
.... j 

I 
i 

'1 
I 
I . 
I 
I 
1 
I 

! 
j 
I 

! 
I 

-1Il00 
IlOO 

"' i ; 

i 

i 

I 
1 

: ... 1 .. 1 

'1'· ! , 'I 
! . I 
I I 

1 . 
I 
! I 

I , 
1 ' I 

, I 

, .... ! ... ~ .. 
. i 

I 
I ., i 

lIOOO 
'1IiOO ' 

710 

~ .LI' .' J 
'1 i I ..... j 

:i! i 
-:l' I ! 
'! ' I ! 

"''''1''; .. ! .. I I ' 

'j,: .. LI': .. i """1 

hi ... : ! 
·I:":·l 
l·:Lr; 
I , 

i + . 

'i-:I 
: I"', 

L :'1 .j.;! ,L., 
,\ .. ,;., 
'L: l 

-+~-l -r--·t 

···'~~·::,!·Y! .+".,., ! I. ! • ., -+'-r _,' .. j , ' 
";oi'~ '" ' 

..l.I .. 
I Ii I .. 

.. ·.J-;..,·l·· .. ' .. 
! 

2400 
Il100 

IlOO 

.j .. .,._-: 

1Il00 
too 
450 

1lIOO 
eoo 
lOG 

eoo 
lOG . 
110 

I. 

,. 

I .. 

• • 

·; .. ··l··H .. ·;·+ 
I 

1 
.. I f 

! 

"'+'1':' ....... 

I ===========~~~.'''' 
n""""".~"".d';'d.i.b.-~(·· ''Wk'd tat-miry 4- 09K,'t .• '" 

... -
-88ft 

SPECTROSPIN 

/~ $'&'.MHz-.f--
Spectrum 

,-,"~;;JHJflJ/. 
-tI8J-... --
Cone._ - - '10 III <'f"t!r1 tao 
lal.lItandatd . 4.ti.-
T __ . II 

_.OK Cl 

..... .. 
,. wIdIII ,., --1:4.... . .
PoIftta lSI) -1!i:.. III _sf_II 

---wiclth CSVIlt, LlSt) .. 1tIIIcM 

OIIMtlD.'I, ~ tdO HZ 
TIN __ . _~ .,, __ MO 

_INS/ .. ·_"yQ __ 

'fIlM con....,. (TCJ .. -:=-

.............. 
Fr~ fOol""=::-==-- HI 

Pow«._. 

BII 0 

ewe 
111M 0 

0\ 
W 

/" /. 
Datt "t4 "'lIt, 
OM •• ""y~ 



6600 
3300 
1650 

· I , .... ---,.--.--, ---r---T-----;--l~. --r·-----,---~l------,-·-,--I ,.- ,-----,-

6000 
3000 
1500 

5400 
2100 
1350 

4800 
2400 . 
1200 

4200 
2100 
1050 

3600 
1800 
600 

3000 
lS00 
750 

2400 
1200 
600 

1800 
900 
450 

1200 
600 
300 

600 
300 
150 

o 
o 

Hz 

o ppm 

No ..... 

B~ 
SPECTROSPIN 

.. MHz- ..... 
Spectrum 

Sample I4tft!!!4?kl ])P 

~~:.~~ .. ' ••••••. :;,";~~~'.: 
Int. Standard ......... &i .... 
Temp.amb. ijil' 

....... 0 K 0 

Signaif. 

Puis width (PW) . ... .1..:,/2 . ... lISec 

Points (SI) ...... Jt: ... kI ....... .«' ..... k 

Spectrum 

width (SW) f, ../.?,51!2. . ... Hz/cm 

Offset (0,) f, .. '?~.~ .. Hz 

l'tme . ... .. sec 

times (NS) ............. 7.",c:l.. ...... scans 

Time constant (TC) . --

OecoupUng " 

Frequency (02)", 

Power .... 

BB 0 

CW 0 

g.tedD 

0'1 
~ 

Hz 

:;..~~ 



,-- - -- I -- - -1---- T- iT - - ,- T·· --I -r-:----.--" 
. ,I. I , I 

8600 6000 5400 480CI I' 4200 3800 ; 3800 I 2400 1800 1200 800 0 Hz 
3300 3000 2700 2400 2100 f800 '1500 . . 1200 900 800 300 0 - ~ ~ r . - 900 ~ 800 ~ 200 • 0 

I 

i 

I J 
I I. 
,. 0 ppm 

!. 

. c 

No .................... . 

aBER 
SPECTROSPIN 

f~ ... MHz - .. :1:..
Spectrum 

Sample(~.~ .. t:'ItIoHt1·~.,}-)t 
e2I] 
Conc •.........•....•... ,/, In ... <:?A~ ..... 
Int Standard ...•. 4~ .... ·· ... · .. -... -.. 
Temp,amb. ~ 

.................. oK 0 

Signal I. 

Puis width (pw) ...... L~L1 ...... ""ec 

Points (SI) ..•..•... fL.. kI ..•. 'L. .... _ k 

Spectrum 

width (SW) I • . .l.1:tfLl ... Hz/em 

Off.et(D,II, ."gl,..PP!2 ... Hz 

Time ........................... 1:.:(1.. ........ sec 

timeS (NS) ................ 1(.0.. ... _ acans 

Time constant (TCI ..... =_._ .. 
DocoopHng I. 

Frequency (D,l ......• =_ .... Hz 

Power .... 

BB 0 

CW 0 

galadD 

-
(j\ 

l.J1 

Dat·_,···~~/~ .. ············ 
Operator .... U .. , ........ · ... . 

_,-;""",~~ •• , f& '3 'fiwMk' 4'6t,rt"t'& r!!fu 



r----r - -I-;--~r--:--l--. -- r r--.-----:-r-:---r--T'T---, 
e600 6000 5400 '4Il00 I . 4200 '; 3IloO : ! aOoo I I'. 2400 I I I 1800 1200 60. 0 0 Hz 
~ ~ ~ ~I ~ ~ ~ I ~ ~ ~ ~ 0 
1850 1500 1360 1200 ; I 1050 900 ~ . i r 900 450 300 150 . 

.1 

! 

i 

I I I . I, 

\ 
., ppm 

I 

• C 

No ............. . 

a~R 
SPECTROSPIN 

51'- '}--.... JR. .. " MHz - ................ -
Spectrum 

samPlafi4,Jt{·1J.f!. 
[-25..J.. ................................ _._ ....... _ ....... .. 
Cone ................... " ,,. In @l>~lp 
Int. Standard ...... ~ ........... " .. " .. _ 

Temp.amb. ~ 

............... ", .. oK 0 

Signal', 

Pulo widlh (PW) ........ L. .. it!.. ~se. 
Polnls (Sij ........ ft._ ... kI ...... .'i. .. _ .. k 

Spe_ 

width (SW) I, .. /Z..£t2 .... Hz/om 

Offoel (0,1 It .Z/Iifl?.P.. ..... Hz 

TIme _ ...................... z, .. :(Z"." ......... " .. oec 

Umes (NS) ............ s.(Ii2 ......... _ 8.0.0 

Time constant (Tc, .... .=:::_. 

Decoupllng " 

Frequency (O,r.: ..... " ..... " .. " ... _. __ ._ Hz 

Power .......... ~ ... _.'_M"_'_"_'_" 

BB 0 

CW 0 

galedO 

0'\ 
0'\ 

u~!~ ..... _._ ..... .. 
:::r::~~··::!~ .......... .. 

.~'a""~ ~zM fHr& mhe$'x !:Wtt'rid 4 ."',~. ~","",_'". 



r~-.--r~-I~-;--'----'--:--'-~-·-l--:~r--;--T--l-~--r:-i--'--~-'-~~,~-T----T--T---T--,~I 

6600 : , 6000 ' ; 5400 i 4800. ! , i 4200 3600 . ! 3000' !. , 2400. . : 1800 : : 1200 j 600 ; . 0 Hz 
3300 3000 2700 2400 . I I 1800 I 1600 1200 . . 900 600 300 0 
1650 1500 1350 1~ i I lIDo I ~56 . I IIfl!! '\50 300 . 156 ' 0 

'1- '1 Iii 
I i 
I I 
j I 
I I ! 
I .: I 

I I. I 
II 
i 
I 
I 

/ 

xi- \ 

~, I~ 11j./) i 
I '1 1/ If.. 11/ I.: I' I 1-1 I" " 1 ~, I~,,>: I" 11 I .. z.. 

" 
" 

t$v, 
.,.., 

'/-1-.,.~ 

:1 

i 

t1 
t& )0 

3/ 

.! 

,I 
I 

o ppm 

No ................ _ .... .. 

B8ER 

SPECTROSPIN 

_. 17, 
2.6. ... MHz - _ .. ",.t::...
Spectrum 

Sample fi..:at;!.iJ.rth1.c 
.L3.7.].. ........... _ ................ _ ... _ .... _._ .... .. 
Cone ..................... '/,In .M.{!/.§.. __ .. 
Inl. Standard .. -.... ~{6 .. -........ -... '" .. -
Temp.amb. \l!l 
,"", ............ _OK 0 

Signal I, 

Pul~ width (PWI .... t/...,,,,.1.. ....... ""ec 

Points (SI) ......... .8. ..... tJ ... '1. .......... k 

spectrum 

wIdth (SW) I, _~ .. z .. $.d .... _ Hz/em 

Ollsal (0,)1, .z~,.li(J .... Hz 

TIme ........................ .1...:.8. .............. _ ... sec 

limes (NS) . ........ L;;;;;, ....... __ " scans 

Time conslant (TC) .... ::::::::::::=_ 

Decoupllng Ii 

Frequency (0,) ...... ===:::::':': Hz 

Power .... . ........... _._ .. _ .. _ .. "" .. _ ...... _ . 

BB 0 

CWO 

gated 0 

.am,..}'> ItJ,,{ 

/o/Iz /th7' 
0'\ ..... 

2~~ ... _Zt.. ..... _ .......... _ Date ...... _., .... ,.. .. 

Operator .. ~.: ....... _ ..... 

. c . 
"'""'"loL.~~,,"""';jli1-1@W- n iZt2lr t '. i'&¥ . Me of' ",""""~,~,,,,,_'~.,~. 



I '-!TT-r~ 

6tlOO 6000 6400 • 4800: I i 4200 3600 3000: I : I '2400; 1800 1200 600 a Hz 
3300 3000 2700 2400 ,. , 2100 ' 1800 t5iJo " t' I '1200, 000 600 300 0 
_ ~ ~. _ 800 ~, I : I, 5iJo, ~ 800 ~ 0 

I I I I ! • 

-----~ .. _ .... 

! 

I ' , I 
I I I II 
I I ! 'i I 
, ' I I I 

I
, I ' I 

I I I 

/1 : I 'I I 
I I , j I 

I. j , I' I : I ' : 
i 
! 
i 
i , 

I ' 
! 
I 

J. 

1..- 3 <{ 5 {, 1-
I I 

I ' 'I I : 

o ppm 

-_ .. ~'ik.~~" ,'_c'm i ewhetw'· "?'cIf! 

No"",,,,,,,,,,,,,,,,,,,, 

_8§R 
SPECTROSPIN 

"gtl. MHz - "P!...
Spectrum 

SamPIe~d~·1E.· 
~~!~~::'::'::::':'::~~~:';:'::CDd;:~, 
~I.ndard """,l:,~%""itt,, 
Temp.amb. 3 

"""""",,,,,,,,OK 0 

(JIJJ'( 

(-11PlJ -J -Z"1~) 
J;!!IIz. 

SIgnal I. 

Puis width (pw) ""."":;:$.":",f,,,, psec 

Points (SI) """"",t::" kI ,,,,,:y-:,,,,,,,, k 

Spectnnn 

width (SW) I, ",,,3,,'FS.O,,, Hrlcm 

Offset (0,) I, $.1.£1....""" Hz 

Time """""."""""L~/.",,,,,,,,,,,,,,,,,,, sec 

limes (NS) "./I!.L:!.t2.""""" scan. 

TIme conslanl (TC) ""=.,,_ 

Doco.pUng I. 

Frequency !DrJ,,,,,,,====,,,,- Hz 

Power .. ". 

B8 0 

CW 0 

getedO 

0\ 
00 

Dale",,,,L,y.!g.!~_,,,,.,,.,,, 
Operator """~.,.""",,, 



69 

Mass Spectra 

The mass spectra of compounds [12], 114], 118], [20], [25], [37] 

exhibited fragmentation pattenEvarying with different ring substituents. 

The loss of fluorine from the parent ion of tris(pentaf1uoropheny1)

phosphine [5] was reported by Miller et a1. 37 ,38. This is found to be 

true for compound [25] but not for compounds [12], [14], [18], [20] or 

137]. The base peak for compounds [12J, 125] and [37] is, as in the 

case of compound 15], their parent ion. This is shown in the table 

below. 

Compound No. Relative intensity % mle of the base peak 
of the parent ion 

!CSFs]3P 5 100% 532 

[CSF4NMe2]3P 12 100 607 

[CSF4NEt2]3P 14 80 676 (P-CH3) 

[CsF4NHNH2]3P 18 93 523 (P-3(NH) ) 

[CSF4NHNMe2]3P 20 65 607 

[CSF4NH2]3P 25 100 523 

[CSF40CH3]3P 37 100 568 

The base peak of compound I14J (IDle 676) is presumably due to the formation 

of the ion [CsF4NEt2hPCsF4~ ~~2 which is a direct loss of a methyl 

group from its parent ion. Compound [18J gave a base peak at mle 523 

which is possibly a result of the loss of 3 (NH) groups to form the ion 

+ [CsF4NH2]3P, Loss of (NHMe2) from compound I20J would probably account 

for the base peak at mle 607 which would represent the ion 

[CsF4NHNMe212PCsF4~' 



70 

All the six compounds I12], [14], l18], [20], [25] and [37] showed 

loss of a substituted tetrafluorophenyl group of the general structure 

C6F4X from their parent ions. The resulting ion (presumably (C6F4X)2P+) 

was shown to lose another C6F~ fragment with the formation of XC6F4P+ 

ion. Loss of PF2 from the R2P+ ion, so prevalent in (C6FS)3P is only 

observed for compound I25]. 

The following table shows the variation in relative intensities of 

X - NMe2 - NEt2 - NHNH2 - NHNMe2 - NH2 - OCH3 

!C6F4X]2P--m/e 415 471 389 445 359 389 

relative intensity (%) 32 1.4 14 5 48 38 

[C6F4X]P--m/e 223 251 210 238 195 210 

relative intensity (%) 22 0.8 55 85 14.6 50 

Compound No. 12 14 18 20 25 37 

The following schemes are illustrative of the fragmentation 

pathways for each compound. The corresponding mass spectra are also 

shown. 

-I 
I 
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Fragmentation Scheme of (C6F~OMe)3P 
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EXPERIMENTAL 



Instrumentation 

Infrared spectra were recorded on a Perkin-Elmer 225 or 237B 

Grating infrared spectrometer using potassium bromide pellets. 
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Nuclear magnetic resonance (n.m.r.) spectra were obtained on a 

Bruker WP-60FT NMR spectrometer, operating at 60 MHz (In), 56.45 MHz 

(19F), 24.288 MHz (3Ip), using chloroform-d solutions with internal 

reference TMS (IH), relative to CFC13, using C6F6 as internal reference 

(19F), (19F shifts are reported as positive numbers in ppm to high 

field of CFC13) or external reference 85% H3P04/D20 (3Ip ). 

All mass spectral studies were performed using an AEI MS-30 

double beam, double focusing mass spectrometer. Gas chromatographic 

analyses were performed on a Pye-Unicam 104 chromatograph interfaced 

to the MS-30 mass spectrometer via a Bieman separator for combined 

GC/MS work. A column (6' x ~") of 3% SE30 on Chromosorb W was used 

exclusively for all GC runs. 



Preparation of the starting materials 

Tris(pentaf1uoropheny1)phosphine is] was prepared according to 

Wall, Donadio and P1ummer30 with some modifications (which resulted 

in the isolation of higher yields of product) as follows: 
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Pentaf1uorobromobenzene (30 g, 0.122 M) was added dropwise (at a 

very slow rate) to 2.95 g (0.122 g atom) of magnesium tunnings in 

anhydrous ether (200 m1) under nitrogen. After the reaction had started, 

the mixture was kept in an ice-water bath throughout the addition time. 

To the dark brown solution was added dropwise 5.0 g (0.037 M) of 

phospho russ trichloride in 20 m1 of anhydrous ether. The flask was 

cooled in an ice-water bath. After addition was complete, the ice-water 

bath was removed, and the flask was allowed to stand at room temperature 

for thirty minutes. The flask was cooled again in an ice-water bath and 

the solution was hydrolyzed with 40 m1 of cold dilute hydrochloric acid. 

The layers were separated, and the acidic solution was extracted with 

ether. The combined ether solution was dried over magnesium sulfate and 

concentrated under reduced pressure to give a brown solid. Sublimation 

under reduced pressure in an apparatus heated by an oil bath to 100-120° 

followed by recrystallization from ethanol gave a 72% yield of 

tris(pentaf1uoropheny1)phosphine IsJ with m.p. 116°C. 

Tris~~entaf1uoropheny1)phosphine oxide 138] was prepared as described 

by Ezzell and Freedman53 • 



I. The Reaction of Tris(pentaf1uoropheny1)phosphine 

with Hexamethy1phosphoric triamide 

Experiment I 
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To a two-neck, round-bottom (100 m1) flask fitted with a condenser 

and inlet for nitrogen gas, tris(pentaf1uoropheny1)phosphine (2.2 g, 

4.0 mmo1e) and hexamethy1phosphoric triamide (15 m1) were added and 

stirred under reflux for 10 minutes at 230°C. After cooling to room 

temperature the mixture was treated with a dilute solution of sodium 

bicarbonate (75 m1) to precipitate a solid. If a solid was not 

precipitated by such treatment and instead an oily layer appeared, an 

additional two hours of stirring were necessary to break down this oily 

layer and to precipitate a pale yellow solid (2.2 g, 92%). 

This crude product was recrystallized from ethanol to give short 

white needles of tris[4-(N,N-dimethy1amino)-2,3,5,6-tetraf1uoropheny1]

phosphine*(1.8 g, 75%) m.p. 1100C (Found: C, 47.04 H~ 2.~5;f N, 7.:\.4; 

F, 37.43; P, 5.09%. C24HISFISN3P requires: C, 47.45; H, 2.97; N, 6.92; 

F, 37.56; P, 5.11%). Mass spectrum mle (relative intensity) 608 (27), 

607 (M+, 100%), 606 (11), 416 (8), 415 (32), 399 (10), 223 (22), 222(8) 

••• etc. vmax 2925 (m, asym. C-H str.), 2875 (m, sym. C-H str.), 

2800 (m, N-CH3 str.), 1625 (s), 1520 (s), 1460 (s), 1430 (s), 1380 (m), 

1230 (s), 1065 (s), 960 (m), 815 (w) cm- I • IH n.m.r. (CDC13) 0 2.999 

Triplet 6 protons (CH3). I9F n.m.r. 152.672, multiplet, 2 f1uorines 

(ortho to nitrogen), 134.83, multiplet, 2 f1uorines (ortho to phosphorus) 

3Ip n.m.r. 76.863, septet. 

* Compound 112J 



II. The Reaction of Tris(pentafluorophenyl)phosphine 

with Dimethylformamide (a) 

Experiment IIa 
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Tris(pentafluorophenyl)phosphine (1.5 g, 2.8 mmole) and dimethyl

formamide (50 ml) were added to a 100 ml two-neck round-botton flask, 

equipped with a condenser and inlet for nitrogen gas. The mixture was 

stirred under reflux for 51 hours at 150°C. The reaction mixture was 

allowed to cool to room temperature and then treated slowly with a 

dilute solution of sodium bicarbonate. The mixture was stirred for one 

hour until a solid precipitated and then was filtered to give a pale 

yellow solid (1.5 g). This crude product was recrystallized from 

ethanol to give short white needles of tris[4-(N,N-dimethy1amino)-

2,3,5,6-tetrafluoropheny1]phosphine*(1.2 g, 71%), m.p. 110°C. (Found: 

C, 47.49; H, 2.85; N, 7.14; F, 37.43; P, 5.09%. C24HlSFlSN3P requires: 

C, 47.45; H, 2.97; N, 6.92; F, 37.56; P, 5.11%. IH n.m.r., 19F n.m.r., 

31p n.m.r .• mass and infrared spectra ag~eed with those given in 

Experiment I). 

* Compound I12] 



II. The Reaction of Tris(pentafluorophenyl)phosphine 

with Dimethylformamide (b) 

Experiment lIb 
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Tris(pentafluorophenyl)phosphine (1.1 g, 2 mmole) and dimethyl

formamide (50 ml) were stirred under reflux by the same procedure given 

in the previous experiment for durations of 3, 7, 9, 13 and 23 hours. 

The results of these reactions are given in the following table • 

Product Composition of ProduC't . (in %) 

3 h 7 h 9 h l3h 23 h 

(C6Fs)2PC6FqNMe2 14 24 40 45 50 

C6FSP(C6FqNMe2)2 0 2.0 4.0 25 25 

[C6FqNMe 2]3P 0 0 0 0.1 10 

[C6FS]3P 86 74 56 29.9 15 



III. The Reaction of Tris(pentafluorophenyl)phosphine 

with diethyl formamide 

Experiment III 
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To a two-neck round-bottom (100 ml) flask equipped with a condenser 

and inlet for nitrogen gas, tris(pentafluorophenyl)phosphine (4 g, 

7.6 mmole) and dimethylformamide (50 ml) were added. 

The reaction mixture was stirred under reflux for 71 hours at 

170°C. It was allowed to cool to room temperature and then treated 

slowly with a dilute solution of sodium bicarbonate. The reaction mixture 

was stirred for one hour until a solid precipitated. If, however, a solid 

failed to precipitate at this point, the mixture was extracted with ether, 

dried over magnesium sulfate and evaporated under reduced pressure 

yielding a brown liquid. This brown liquid was subsequently eluted with 

toluene from a (60 cm) column packed with silica gel (50-200 mesh). The 

eluant was evaporated under reduced pressure to give a white solid. The 

solid was recrystallized from ethanol to give white crystals of 

tris(4-N,N-diethylamino-2,3,5,6-tetrafluorophenyl)phosphine*(2.6 g, 50%), 

m.p. 130°C (Found: C, 52.31; H. 4.31; N, 6.01; F, 33.03; P, 4.33%. 

C30H30N3F12P requires: C, 52.1; H, 4.34; N, 6.08; F, 33.00; P, 4.49%). 

mass spectrum mle (relative intensity) 691 (~, 81), 676 (100%), 662 (5), 

648 (5), 632 (16), 604 (6), 574 (5), 560 (6) .•• etc.; 

vmax 2965 (m, asym. C-H str of CH3), 2925 (w, C-H,str. of -CH2-), 

2865 (w, sym. C-H str. of CH3), 1625 (s), 1455 (s, C-H dep.of -CH2-), 

1367 (doublet), 1340 (w), 1195 (s), 1085 (s), 965 (m), 815 (m). 

* Compound ll4J 
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IH n.m.r. ( CDC1 3) 01.115, triplet, 3 protons (CH3); 3.28, quartet, 2 

protons (CH2); I9F 150.78, multiplet, 2 fluorines; 134.73, multiplet, 

2 fluorines; 3Ip n.m.r. 76.522, septet 



IV. The Reaction of Tris(pentafluorophenyl)phosphine 

with Hexaethylphosphoric triamide 

Experiment IV 
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To a two-neck round-bottom (100 ml) flask fitted with a condenser 

and inlet for nitrogen gas, tris(pentafluorophenyl)phosphine (1 g, 

2 mmole) and hexaethylphosphoric triamide (10 ml) were added. The 

mixture was stirred under reflux for 30 minutes, allowed to cool to room 

temperature, treated slowly with a dilute solution of sodium bicarbonate, 

extracted with ether and then dried over magnesium sulfate. The ether 

extract was evaporated under reduced pressure to give a brown liquid. 

The mass spectrum showed molecular ions at mle 585, 638 and 691 due to 

the presence of bis(pentafluorophenyl)-(N,N-diethylaminotetrafluorophenyl)

phosphine, pentafluorophenyl-bis(N,N-diethylaminotetrafluoropheny1)

phosphine and tris(N,N-diethylaminotetrafluorophenyl)phosphine, respectively. 

As hexaethyl phosphoramide is an expensive reagent, these latter three 

compounds were produced in only small amounts, and the previous experiment 

(n. III) gave the tri-substituted product of tris(4-N,N-diethylamino-

2,3.5,6-tetrafluorophenyl)phosphine~by using diethyl-formamide, a less 

costly route. 

* Compound I14J 



V. The Reaction of Tris(pentaf1uoropheny1)phosphine 

with Hydrazine (a) 

Experiment Va 

Tris(pentaf1uoropheny1)phosphine (3.2 g, 6.0 mmo1e) in absolute 

ethanol (105 ml) and 6.0 g of 64% aqueous solution of hydrazine were 

stirred under reflux for 16.5 h in a two-neck (200 m1) round-bottom 
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~lask equipped with a condenser and inlet for nitrogen gas. The reaction 

mixture was allowed to stand at room temperature for 3 hours and then 

was poured into water (250 m1). A white solid (2.8 g) was collected by 

filtration and recrystallized from aqueous ethanol to give white crystals 

of tris(4-N,N-hydrazo-2,3,5,6-tetraf1uoropheny1)phosphine*(2.7 g, 79%), 

m.p. 145°C (Found: C, 37.95; H, 1.55; N, 14.90; F, 40.23; P, 5.46%. 

ClSH9Fl2N6P requires: C, 38.03; H, 1.58; N, 14.79; F, 40.14; P, 5.46%); 

mass spectrum mle (relative intensity) 568 (~, 93), 523 (100%), 508 (95), 

359 (57), 344 (45), 343 (41), 342 (48), 210 (55); vmax 3300 (s, broad), 

2580 (w, overtone 1290), 1640 (s), 1464 (s), 1376 (m), 1296 (m), 1272 

(s), 1184 (m), 1152 (s), 1112 (m), 1088 (m), 1048 (w), 972 (s), 916 (m), 

856 (w), 832 (w), 800 (m) cm- l ; IH n.m.r. (C2D6CO) 0 3.018, singlet, 

2 protons; 7.792, multiplet, 1 proton; 19F n.m.r. 155.566, quartet of 

doublets, 2 f1uorines, 134.086, multiplet, 2 f1uorines; 3lp n.m.r. 

7.1837, septet. 

* Compound 118J 



V. The Reaction of Tris(pentafluorophenyl)phosphine with Hydrazines (b) 

Experiment Vb 

The following table lists the conditions and products for a series of reactions of hydrazines with 

tris(pentafluorophenyl)phosphine by using the same procedure as the previous experiment (no. Va). The 

starting material in all cases was [C6FS]3P (1.1 g, 2 mmole). 

Exp. No. Reagent Solvents Time 
EtOH H20 

Vb 1 Hydrazine hydrate (20 ml) 35 ml 18 h 

Vb 2 Hydrazine hydrate (20 ml) 35 ml l2~ h 

Vb 3 Hydrazine hydrate (20 ml) 35 ml 5 h 

Vb4 Hydrazine (64%) (20 ml) 40 mIlO ml 6~ h 

Vb S Hydrazine (64%) (20 ml) 35 mIlO ml 5 h 

Vb6 Hydrazine (64%) (20 ml) 35 ml 10 ml 3 h 

Vb7 Hydrazine (64%) (25 ml) 1 h 

Vb8 Hydrazine (64%) (1 g) Dioxane (25 ml) 3/41\1 

Temp. 

85°C 

85°C 

85°C 

85°C 

85°C 

85°C 

Product 

HC6F4NHNH2 
HC6F3(NHNH2)2 + [C6F4NHNH2]3P 

HC6F4NHNH2 
[C6F4NHNH2]3P 

HC6F4NHNH2 
[C6F4NHNH2]3P 

HC6F4NHNH2 

HC6F4NHNH2 
[C6F4NHNH2]3P 

HC6F4NHNH2 
[C6F4NHNH2]3P 

108°C HC6F4NHNH2 

r.t. (C6Fs)3P=0 

"~~~"'"~_"d~j,_"c""."~",",,~,~~_",,"""""""_" "_""_ ~~ ~ _ ,~~. ~'",'_'5",,;." '$ f" Me"" '" 

00 
00 



VI. The reaction of Tris(pentaf1uoropheny1)phosphine 

with N,N-Dimethy1hydrazine (a) 

Experiment VIa 
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Tris(pentaf1uoropheny1)phosphine (2.1 g, 4 mmo1e) , N,N-dimethy1-

hydrazine 99% (6.0 g, 0.1 mole) and potassium fluoride (2 g, 35 mmo1e) 

were added to a two-neck (100 m1) round-bottomed flask, equipped with 

a condenser and inlet for nitrogen gas. The mixture was stirred under 

reflux for 1~ hours, allowed to cool to room temperature and then 

treated with a dilute solution of sodium bicarbonate to precipitate a 

solid. The precipitate was filtered off and washed with water to give 

a white solid (2.1 g, 80.5%), m.p. 110°C). Recrystallization from 

1igroin (30-60°) produced a white cryst~lline solid of tris(4-N,N

dimethy1hydrazo-2,3,5,6-tetraf1uoropheny1)phosphine~ (1.8 g, 71%), 

m.p. 117°C (Found: C, 43.9; H, 3.55; N, 13.0; F, 34.79; P, 4.76%. 

C2~H21N6F12P requires: C, 44.17; H, 3.22; N, 12.88; F, 34.97; P, 4.75%). 

Mass spectrum mle (relative intensity)652 (M, 65), 608 (43), 607 (100%), 

565 (35), 564 (97), 238 (85), 195 (48), 69 (41); vmax • 3250 (s, N-H str.), 

2950 (m), 2850 (m), 2825 (m), 2775 (m), 2550 (w, overtone 1275), 

1635 (s), 1455 (s, broad), 1375 (s), 1270 (s), 1225 (w), 1210 (w), 

1110 (s, multiplet), 1015 (w), 965 (w, multiplet), 875 (m, multiplet), 

815 (w), 725 (s, multiplet) cm- I ; IH n.m.r. (CDC13) 0 2.602, silllglet, 

6 protons (CH3); 4.542, multiplet (triplet) 1 proton (N-H); I9F n.m.r. 

156.9, quartet of doublets, 2 f1uorines (ortho to N); 134.3, multiplet, 

2 f1uorines (ortho to P); 3Ip n.m.r. 76.26, septet; IH n.m.r. (C2D6CO) 

02.6, singlet, 6 protons (CH3); 6.06, multiplet, 1 proton. 

* Compound 120J 
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The mother liquor from the recrystallization was evaporated down to 

an oily brown liquid, which in the mass spectrum showed mle 622 (100%), 

607 (33), 592 (31), 578 (53), 549 (39), 355 (35), 223 (90), 222 (37) ••• 

and 652 (~, 2.9%); IH n.m.r. (CDC13) 0 4.550, mUltiplet; 3.002, triplet; 

2.596, singlet; 19F n.m.r. 134.414, mUltiplet, 2 f~uorines, 152.478, 

multiplet, 2 f1uorines; 156.8, quartet of doublets, 2 f1uorines. 



VI. The Reaction of Tris(pentaf1uoropheny1)phosphine 

with N,N-Dimethy1hydrazine (b) 

Experiment VIb 
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Tris(pentaf1uoropheny1)phosphine (2.1 g, 4 mmo1es) and N,N-dimethy1-

hydrazine 99% (10 m1).were stirred under reflux for 7~ hours using the 

same apparatus and procedure as in the previous experiment (No. VIa) to 

give the same products as Experiment No. VIa, but the yield of 

tris (4-N,N-dimethy1hydrazo-2 ,3,5,6-tetrafluoropheny1)p hosphine*was low 

(1 g, 40%), m.p. 117°C. (Found: C, 43.9; H, 3.55; N, 13.0; F, 34.79; 

P, 4.76%. C24H2INSFI2P requires: C, 44.17; H, 3.22; N, 12.88; 

F, 34.97; P, 4.75%. IH n.m.r., 19F n.m.r., 3Ip n.m.r., mass and 

.ndirall:ed,spedt;~ agreedhwith thosec'given,.ip~experiment VIa~) 

* Compound 120J 



VII. The reaction of Tris(pentafluorophenyl)phosphine 

with Phenylhydrazine 

Experiment VII 

92 

Tris(pentafluorophenyl)phosphine (1.0 g, 2 mmole), tetrahydrofuran 

(35 ml) and phenylhydrazine (2.0 g, 97.5 %) were stirred under reflux for 

eight hours in a two-neck (100 m1) round-bottomed flask equipped with a 

condenser and inlet for nitrogen gas. After cooling to room temperature, 

the reaction mixture was treated with water (50 ml) and extracted with 

ether. The ether extracts were dried over magnesium sulfate and evaporated 

under reduced pressure to give a yellow solid. Crystallization from 

aqueous ethanol gav~.l~yellow crystals' ef v \Jis4pentafluerophenyl)-4-S

phenylhydrazo-2,3,5,6-tetrafluorophenylphosphine*(0.4 g, 32%), m.p. 

110°C; mass spectrum m/e (relative intensity) 620 (M+, 46), 529 (46), 

528 (27), 362 (35), 198 (22), 105 (27), 92 (100%), 77 (81), 69 (39) ••• 

etc. IH n.m.r. 8 5.874, multiplet, 1 proton; 6.134, multiplet, 1 proton; 

6.989, multiplet, 5 protone (C6HS); 19F n.m.r. 131.495, multiplet, 

4 fluorines; 132.781, multiplet, 2 fluorines; 149.915, multiplet, 

2 fluorines; 158.784, multiplet, 2 fluorines; 161.064, multiplet, 4 

fluorines. 

* COlllpound 122] 



VIII The Reaction of Tris(pentafluorophenyl)phosphine 

with ammonium hydroxide (a) 

Experiment VIlla 
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Tris(pentafluorophenyl)phosphine (1.1 g, 2 mmole) , ethanol (25 ml) 

and ammonium hydroxide (20 ml, 28-30% NH3) were placed in a two-neck 

(200 ml) round bottomed flask equipped with a condenser and inlet for 

nitrogen gas. The mixture was stirred under reflux for 12 hours. Thin 

layer chromatographs (silica gel/benzene) of the reaction mixture, taken 

at 2 hour intervals during the course of the reaction showed only one 

spot, suggesting that the reactants remained unchanged. The reaction 

mixture was poured into water (100 ml) and precipitated solid was 

filtered and washed with water to give 1.1 g of the starting material, 

tris(pentafluorophenyl)phosphine, m.p. 117°C, confirmed by its mass 

spectrum which is given in Appendix, p. 109. 



VIII The Reaction of Tris(pentafluorophenyl)phosphine 

with ammonium hydroxide (b) 

Experiment Vlllb 

94 

Tris(pentafluorophenyl)phosphine (1.1 g, 2 mmole) , tetrahydrofuran 

(10 ml), ammonium hydroxide (8 ml) and potassium fluoride (5.0 g, 

86 mmoles) were stirred under reflux for 8 hours using the same apparatus 

and procedure as in the previous experiment (VIlla) to give 1.1 g of 

the starting material, tris(pentafluorophenyl)phosphine. 

-I 



IX Reaction of Tris(pentafluoropheny1)phosphine 

with ammonium hydroxide (using high pressure) (a) 

Experiment IXa 

95 

Tris(pentafluorophenyl)phosphine (1 g, 2 mmo1es), ammonium 

hydroxide (5 m1, 28-30% NH3),potassium fluoride (3 g, 52 mmoles) and 

tetrahydrofuran (5 ml) were placed in a large test tube (16 x 3.6 em). 

This test tube was placed inside a steel bomb (volume 198.5 cm3) having 

a pressure gauge up to 3000 pounds per in2 • The bomb and contents were 

cooled to liquid nitrogen temperature and then evacuated on a vacuum 

line. The bomb was warmed to room temperature and then placed inside 

an oven (130°C) for 22 hours. The reading on the pressure gauge at the 

end of the reaction was 125 pounds per in2• The bomb was allowed to 

cool to room temperature and then the reaction mixture was treated 

with a dilute solution of sodium bicarbonate. The mixture was extracted 

with ether. 

The aqueous phase of the extraction was filtered to give a white 

solid (0.4 g), m.p. > 320°C, insoluble in water, and organic solvents. 

The mass spectrum did not show any molecular ion or fragments. 

The ether extract was dried over magnesium sulfate and evaporated 

under reduced pressure to give a pale yellow solid (0.6 g). This crude 

product was recrystallized from ligroin (30-60°) to give white crystals 

of Tris(4-amino-2,3,5,6-tetrafluorophenyl)phosphine*(0.5 g, 50%), 

m.p. 159°C (Found: C, 41.31; H, 1.03; N, 8.18; F, 43.52; P, 5.80%. 

C1SH6F12N3P requires: C, 41.30; H, 1.15; F, 43.59; N, 8.03; P, 5.93%) 

mass spectrum mle (relative intensity) 524 (21), 523 (~, 100%), 

508 (7.3), 360 (8.3), 359 (48), 290 (9.6), 195 {14.6), 79 (33) •.• 

••• etc.; vmax 3500 (M, asym. N-H str.), 3400 (s, sym. N-H str.), 

* Compound [25] 
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2600 (w), 1650 (s), 1510 (s), 1475 (s), 1375 (s), 1300 (w), 1270 (s), 

1175 (m), 1115 (s), 920 (m), 825 (w), 750 (w), 735 (w) em-I, 

IH n,m.r.(CDC1 3) 84.191 broad singlet; I9F n.m.r., 162.525, multiplet, 

2-f1uorines (ortho to N); 135.22, multiplet, 2-f1uorines (ortho to P); 

3Ip n.m.r., 77.24, septet. 

When the reaction was conducted for 13 hours, it gave two components: 

[C6F4NH2]3P and [C6F4NH2]2PC6Fs. 

IX Reactions of Tris(pentaf1uoropheny1)phosphine 

with ammonium hydroxide (b) 

The preceding experiment was repeated over a range of reaction 

conditions. The following table lists the pertinent information. 



Exp. (C6FS)3P Ammonium Solvent Time Temperature Products Apparatus 
No. hydroxide 

(28-30% NH3) 

IXbl 1.18 3 ml ethanol 24 h 160°C [C6F4NH2]3P very low yield steel bomb 
5 ml 

IXb 2 2.1 g 3 ml ~thanol 12 h 130°C [C6F4NH2]3P steel bomb 
5 ful [C6F4NH2]2P[C6F40C2Hs] 

[C6F4NH2]P[C6F40C2Hs] 

IXb3 1.6g 4.5 ml 7 ml 7 h 135°C [C6F4NH2]3P steel bomb 
[C6F4NH2]2P[C6F40C2Hs] 
[C6F4NB2]P[C6FS]2 
[C6F4NH2]2PC6FS 

IXb4 1.1g 3 ml ethanol 6 hl 130°C [C6F4NH213P steel bomb 
5m1 [C6F4NH2]2PC6F40C2HS 

IXbs 1.1g 3 ml me t:hano 1 24 h' 160°C [C6F4NH2]3P very low yield steel bomb 
5 rill 

IXb6 1.1g 4 ml hexane 12 h 145°C [C6F4NH213P steel bomb 
5 ml [C6F4NH2]2PC6Fs 

IXb7 1.1g 3 ml n-propanol 9~ h 140°C [C6F4NH2]3P steel bomb 
5 ml [C6F4NH2]2P[C6F40C3H7] 

IXbs 1.5g 6 ml 22 h 140°C [C6F4NH213P steel bomb 
[C6F4NH2]2PC6FS 
(C6FS)2PC6FSNH2 

IXb9 1.1g ethanol 24 h! 150°C [C6FS]3P steel bomb 
10 ml 

IXblO 0.53 g 0.2 ml ethanol 25 hx 170°C [C6F4NH213P sealed tube 
0.3 ml [C6F4NH2] 2PC6FS (vol. 70 em3) 

[C6F4NH2]P(C6FS)2 
\0 
-...s 

~- ~-~~--"-~-"~~-



X The reactions of Tris(pentafluorophenyl)phosphine 

with formamide 

Experiment X 

These reactions were carried out in a (200 ml) two-neck, round

bottomed flask equipped with a condenser and inlet for nitrogen gas. 

98 

At the completion of the reaction, the mixture was treated with water 

and extracted with the indicated solvent. A summary of these reactions 

is given in the following table. 



Experiment (C6FS) 3P Formamide Temperature Time of 
Number °c Reaction 

Xa 2.0 g 100 m1 165 2~ h 

Xb 1.1g 80 m1 165 1~ h 

Xc 1.1g 100 m1 150 4 h 

Xd 2.0 g 150 m1 158 8~ h" 

Xe 1.1g 10 m1 165 1 h' 

Solvent 
Extract 

CH2C12 

Ether 

CH2C12 

CH2C12 

CH2C12 

Products 

[C6F4NH213P, [C6F4NH212PC6Fs and 

(C6FS)3P 

[C6F4NH213P, [C6F4NH212PC6Fs 

[C6F4NH212PC6F4NHCHO & 

C6F4NH2P(C6FS) (C6F4NHCHO) 

[C6F4NH213P, [C6F4NH212PC6Fs 
( 

(C6FS)3P 

[C6F4NH213P, [C6F4NH212PC6Fs, 

C6F4NH2P(C6Fs)!,~CC6F5)3P 

[C6F4NH212PC6F4NHCHO 

[C6F4NH213P, [C6F4NH212P(C6FS), 

(C6FS)2PC6F4NH2 and (C6FS)3P 

$ :& '"#*"11 WnM tf' tt@ rl' 

\0 
\0 



XI Reaction of Tris(pentafluorophenyl)phosphine 

with aniline 

Experiment XI 

100 

Tris(pentafluorophenyl)phosphine (1.0 g, 2 mmoles), aniline (30 ml) 

and ethanol (35 ml) were added to a two-necked (200 ml) round-bottomed 

flask equipped with a condenser and inlet for nitrogen gas. The 

mixture was stirred under reflux for 71 hours at 86°C. After cooling 

to room temperature, the mixture then was treated with water and 

extracted with ether. The ether extract was dried over magnesium 

sulfate and then evaporated under reduced pressure to give a black 

liquid which was eluted with toluene on a (100 cm) column packed with 

silica gel (50-200 mesh). The eluant was evaporated under reduced 

pressure to give a faintly brown solid with m.p. 82-85°C. The mass 

spectrum showed the presence of three molecular ions mle 605, 678 and 

751, suggested to be (C6FS)2PC6F4NHPh, C6FsP[C6FsNHPh]2 and [C6F4NHPh]3P 

respectively. 

When the reaction was carried out using the same procedure 

(1.1 g (C6FS'3P + 20 ml aniline) in the presence of potassium fluoride 

(0.7 g) for three hours, the products were C6FsP[C6F4NHPh]2' 

(C6Fs)2PC6F4NHPh and [C6F4NHPh]3P. 

The following table shows the effect of varying reaction time and 

solvent on the replacement of fluorine by aniline. 



Experiment Starting Reagent 
Number Material (Aniline) 

[C6FS]3P 

Xla 1.lg 35 m1 

Xlb 1.lg 20 m1 

Xlc 1.lg 20 m1 

Xld 1.lg 30 m1 

Xle 1.lg 30 m1 

Solvent Ref1uxing 
(C2HSOH) Time 

35 m1 2 h 

35 m1 41 h 

35 m1 48 h 

35 m1 71h 

6 h 

(180°C) 

Composition of Product (in %) 

monosubstituted 80%, disubstituted 20% 

monosubstituted 70%, disubstituted 25% 

trisubstituted 5% 

monosubstituted 30%, disubstituted 60% 

trisubstituted 10% 

monosubstituted 10%, disubstituted 80%, 

trisubstituted 10% 

monosubstituted 10%, disubstituted 88% 

trisubstituted 2 % 

I-' 
o 
I-' 



XII Reaction of Tris(pentafluorophenyl)phosphine 

with sodium hydrogen sulfide 

Experiment Xlla 

Sodium hydrogen sulfide was prepared according to the method of 

Tatlow49 . 

102 

Hydrogen sulfide was bubbled through a solution of sodium hydroxide 

(3.0 g) in ethylene glycol (5 m1) for 3 hours. The resulting liquid 

was added dropwise to a boiling solution of tris(pentaf1uorophenyl)

phosphine (2.66 g, 5 mmoles) in toluene ~25lmnl). The mixture was 

stirred under reflux for 10 minutes. After cooling to room temperature, 

the mixture was poured over crushed ice. The solution obtained was 

acidified with hydrochloric acid and extracted with ether. The ether 

extract was dried over magnesium sulfate, filtered and evaporated to 

give a dark yellow liquid. The mass spectrum analysis showed the 

presence of molecular ions m/e 168 and 182 suggested to be C6FSH and 

HC6F4SH respectively. 
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Experiment XIIb 

Tris(pentaf1uoropheny1)phosphine (1.1 g, 2 mmo1es), potassium 

fluoride (2 g), sodium hydrogen sulfide (4.0 g) (commercial grade) and 

tetrahydrofuran (20 ml) were stirred under reflux for three hours in a 

(100 ml) two-necked round-bottomed flask equipped with a condenser and 

inlet for nitrogen gas. After cooling to room temperature, the reaction 

mixture was treated with water and acidified with hydrochloric acid 

(20 ml, 3N) to precipitate a light yellow solid. The crude solid was 

crystallized from ligroin (30-60) to give a solid (0.6 g) with a m.p. 

of 180°C, mass spectrum mle (relative intensity) 608 (9), 607 (10), 

606 (57), 576 (11), 575 (14), 574 (65), 642 (2), 541 (3), 395 (11), 

394 (21), 393 (100%), 361 (9), 360 (9), 292 (11), 231 (26), 212 (12), 

192 (4), 182 (3), 162 (6), 143 (14), 137 (5), 117 (6), 109 (5), 93 (6), 

87 (7), 71 (7), 69 (15) ••• ; vmax 3050 (s), 2300 (s, broad), 1635 (s), 

1460 (s), 1435 (m), 1375 (m), 1250 (s), 1015 (w), 950 (w), 950 (w), 

910 (w), 810 (w), 730 (m, doublet), 675 (m) em-I. IH n.m.r. (CDC13) 

o 4.001, singlet; 19F n.m.r., 131.8, singlet; 133.8, multiplet; 

136.2, multiplet. 



XIII Reaction of Tris(pentaf1uoropheny1)phosphine 

with Hexaethy1phosphorLa Triamide 

Experiment XIII 
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Into a two-necked, round-bottomed (100 m1) flask fitted with a 

condenser and inlet for nitrogen gas, Tris(pentaf1uorophe~11)phosphine 

(1.1 g, 2 mmo1e), hexaethy1phosphortc triamide (2 m1) and toluene (3 m1) 

were placed and stirred. Upon heating the mixture thickened to a stiff 

paste which when treated with water and filtered gave a white solid 

with m.p. > 350°C. Although this solid was insoluble in organic solvents, 

the mass spectrum showed two components suggesting the presence of 

H(C6F4)4H and H(C6F4)4F. The mass spectral data are shown in Tables 9, 10. 

XIV Reactions of Tris(pentaf1uoropheny1)phosphine 

and Tris(pentaf1uoropheny1)phosphine oxide with a1koxides 

Experiment XIV 

These reactions were carried out in a (100 m1) two-necked, round

bottomed flask equipped with a condenser and inlet for nitrogen gas. 

After the indicated reaction time, the solvent was evaporated and the 

residue treated with water. An ether extraction was performed on the 

aqueous solution. The ether extract was dried over magnesium sulfate, 

filtered and evaporated to give the respective product in the following 

table: 



Exp. Starting Material Reagents Solvents Time/Temp Composition of 
No. Product (it! %) 

XIVa [C6FS]3P CH30Na CH30H 2 h C6FSH 90% 
1. 6 g, 3 mmo1es Na 0.07 g, 3 mmo1es in 20 m1 CH30H (10 m1) r.t. HC6F40CH3 10% 

XIVb [C6 FS]3P CH30Na CH30H 2h C6FSH 90% 
1.06 g, 2 nnnoles Na 0.05 g, 2 nnnoles in 35 m1 CH30H (25 m1) -78 + r.t. HC6F40CH3 10% 

XIVc [C6FShP CH30Na Ether 3 h [C6F40CH3]3P 20% 
1. 06 g, 2 nnnoles Na 0.14 g, 6 mmo1es in 10 m1 CH30H (50 m1) r.t. HC6F40CH3 20% 

C6FSH 60% 

XIVd [C6HS]3P CH30Na CH30H 24 h [C6HS]gP 100% 
1.05 g, 4 mmo1es Na 0.92 g, 4 nnnoles in 20 m1 CH30H (10 m1) reflux 

XIVe [C6FS]3P CH30H + KOH CH30H 2 h HC6F40CH3 90% 
1. 6 g, 3 nnnoles 20 ml + 1 g (10 m1) r. t. HC6F3 (OCH3) 2 10% 

XIVf [C6FS]3P CH3CH20K C2HSOH 2 h C6FSH 80% 
1. 6 g, 3 mmo1es K 0.12 g, 3 nnnoles in 20 m1 C2HSOH (10 m1) reflux HC6F40C2Hs 20% 

XIVg [C6FS] 3P CH3CH2CH20Na CH3CH2CH20H 2 h HC6F40C3H7 
1.06 g, 2 mmo1es Na 0.14 g, 6 nnnoles in 30 ml C3H70H (10 m1) reflux 

XIVh [C6FS]3P (CH3)2CHOK (CH3)2CHOH 2 h HC6F40CH(CH3)2 
1. 6 g, 3 nnnoles K 0.35 g, 9 nnnoles in 20 m1 (CH3)2CHOH (10 m1) reflux 

XlVi [C6F 5 ]~3P (CH3)3CONa (CH3)3COH 2 h (C6FS)2PC6F40C(CH3)3 
1.06 g, 2 mmo1es Na 0.046 g, 2 mmo1es in 40 m1 (CH3)3COH (25 m1) r.t. 

XIVj [C6FS]gPO CH30Na CH30H 2 h (CH3012C6F3PO(OCH3)2 60% 
0.55 g, 1 nnnole Na 0.069 g, 3 mmo1es in 20 m1 CH30H (40 m1) reflux HC6F40CH3 30% 

C6FSH 10% 

XIVk [C6FS]3PO CH30Na Hexane 2 h (CH30)2C6F3PO(OCH3)2 60% 
1. 6 g, 3 nnnoles Na 0.2 g, 9 nnnoles in 20 m1 CH30H (20 m1) r.t. C6FSH 40% 

XIV1 [C6Fs]3PO CH30H + KOH CH30H 2 h HC6F3(OCH3)2 95% 
1 g, 2 mmo1e 20 m1 + 0.9 g (10 ml) reflux HC6F40CH3 5% ~ 

0 

XIVk [C6FS]3PO CH3CH20K CH3CH20H 2 h C6FsH 60% 
IJ1 

1. 6 g, 3 nnnoles K 0.12 g, 3 nnnoles in 20 m1 CH3CH20H (10 m1) reflux HC6F40C2Hs 40% 

~~_~L~~_~ __ ~~~ ___ ~~ ___ ~_~_~"'fu"~· "bY PM 5" Mirttt bY tt pi 



XIVc Reaction of Tris(pentafluorophenyl)phosphine 

with sodium methoxide 

Experiment XIVc 
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A solution of tris(pentafluorophenyl)phosphine (2.2 g, 4.0 mmoles) 

in ether (200 ml) was introduced into a (300 ml) two-necked, round

bottomed flask fitted with a condenser, self-equalized dropping funnel 

and an inlet for nitrogen gas. The dropping funnel contained a 

solution made by dissolving sodium (0.276 g, 12 mmole) in dry methanol 

(15 ml). This was added dropwise to the stirred solution over a period 

of 1 h at room temperature. After the addition was complete, the 

solution was stirred for two hours more followed by treatment with 

water (50 ml). The aqueous layer was separated and extracted with 

ether and the combined ethereal solution was dried over magnesium 

sulfate. Evaporation of the solvent gave a brownish liquid whose 

GC/MS indicated the presence of four compounds having the molecular 

ions m/e 168, 180, 140 and 568, probably corresponding to pentafluoro

benzene, tetrafluoroanisole, trimethyl phosphate and tris(methoxy

tetrafluorophenyl)phosphine respectively, The mixture was chromato

graphed on a 30 cm column of silica gel (50-100 mesh) using benzene as 

elu~nt. The collected fractions were evaporated to give tris(4-methoxy-

2,3,5.6-tetrafluorophenyl)phosphine*as a yellow liquid in a 20% yield. 

The mass spectrum showed the following pattern: m/e (relative 

intensity) 569 (30), 568 (~, 100%), 469 (9), 389 (38), 229 (26), 

210 (50), 193 (10), 167 (lO) ..• etc.; vmax 2910 (m), 2820 (m), 1640 (s), 

1525 (w), 1475 (s), 1435 (s), 1375 (s), 1275 (w), 1190 (s), 1110 (s), 

980 (m), 910 (m), 813 (m), 725 (s) cm- I . 

* Compound 137] 
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IH n.m.r. (CDC13) 0 4.133, triplet; 19F n.m.r. 157.9, multiplet, 

2-f1uorines (ortho to N); 133.3, multiplet, 2-f1uorines (ortho to P); 

31p n.m.r. 75.46, septet. 
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APPENDIX 



Appendix 

Mass spectra of the compounds described in this study. 

(All peaks of relative abundance less than 2% of the base peak are 

neglected unless they are important to fragmentation pathway; 

metastable ions follow each spectrum.) 

109 
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Table 1 

[C6F4NMe2]3P [12] 

m/e relative abundance m/e relative abundance 

609 4 383 5.7 

608 27 379 4 

607 100 371 4 

606 11 353 2.8 

605 3 242 3.4 

593 1.5 224 5.2 

591 1.7 223 22 

563 1.2 222 8 

416 8 192 2.7 

415 32 191 3.2 

400 2.2 179 1.3 

399 10 172 2.1 

384 3.1 69 2.7 

metastable ions doubly charged ions 

* ml m2 303.5 

575.4 607 591 302.5 

522.2 607 563 

283.7 607 415 

383.6 415 383.6 

360.1 399 360.1 

344.9 399 371 

81.9 607 223 



III 

Table 2 

[C6FI.j.NEt2]3P [14] 

m/e relative abundance m/e relative abundance 

693 4.5 588 6 

692 24 576 2.2 

691 80 575 2.3 

690 9 574 5 

684 3 561 3.4 

678 5 560 6.0 

677 30 471 1.4 

676 100 456 0.7 

675 5 442 0.5 

664 2 428 1.8 

663 4 426 1.0 

662 5 412 1.9 

661 3 398 1.3 

660 2 384 2.1 

648 4.6 383 2.2 

647 2.0 382 2.0 

646 3.7 368 0.5 

634 2 331 20 

633 5 251 0.8 

632 16 236 0.4 

618 2 222 0.6 

605 2.6 178 2.0 

604 6.0 177 2.7 

602 2.2 

589 2.4 



Table @ (continued) 

metastable ions 

* ml m2 

661.3 691 676 

634.2 691 662 

621.2 676 648 

590.8 676 632 

547.4 662 602 

doubly charged ions 

345.5, 338.3, 331.5. 

112 
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Table 3 

[C6F4NHNH2]3P [18] 

m/e relative m/e relative m/e relative 
abundance abundance abundance 

570 2.1 507 17 418 2.1 

569 20 506 12 417 2.0 

568 93 505 9 410 2.1 

566 3.5 504 3.5 399 3 

554 8.0 503 4 392 6 

553 24 494 10 391 4.4 

552 10 493 38 390 4 

551 15 492 14 384 14 

550 8.3 491 5.3 377 4.6 

539 10 490 2.5 375 4.2 

538 45 488 4 374 16 

537 13 487 4 373 20 

536 40 486 3 372 16 

535 9 479 2.5 360 11 

534 12 478 6.5 359 57 

525 2.2 475 4.8 358 14 

524 20 474 3.7 357 24 

523 100 473 7.5 356 24 

522 25 472 3 345 9 

521 28 452 2.4 344 45 

520 15 451 2.6 343 41 

510 2.5 438 4.8 342 48 

509 20 437 3.6 341 12 

508 95 423 2.5 331 7 
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Table 3 (continued) 

m/e relative m/e relative m/e relative 
abundance abundance abundance 

330 12 269 4 195 17 

329 7 262 7 194 5 

328 27 261 6 180 6 

237 33 260 6 179 6 

326 16 255 5 178 4 

316 8 254 10 162 3 

313 6 247 7 161 6 

312 6 241 5 160 3 

303 6 236 5 145 5 

302 7 235 4 117 8 

299 7 234 5 111 9 

293 5 229 7 99 9 

290 8 214 10 93 7 

285 5 211 7 81 7 

276 4 210 55 75 5 

275 12 209 7 69 36 

274 7 

metastable ions doubly charged ions 275.5 

* ml m2 

505.8 568 536 

508.4 538 523 

493.4 523 508 

478.4 508 493 

359.6 389 374 

310.8 344 327 
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Table 4 

[CsF4NHNMe2]3P [20] 

m/e relative m/e relative m/e relative 
abundance abundance abundance 

653 19 549 15 399 3 

652 65 545 3 392 2 

651 7 544 8 389 3 

638 2.4 536 5 387 3 

637 7 535 4.5 386 5 

636 4 524 4 385 4 

623 5 523 16 381 2 

622 12 522 9 380 4 

621 2 521 18 372 4 

610 4.5 520 11 371 15 

604 19 508 9 370 30 

608 43 507 16 369 19 

607 100 506 22 368 4 

593 10 493 4 360 6 

592 8 492 8 359 21 

579 7 491 4 358 7 

578 7 445 5 357 18 

566 16 438 2 356 6 

565 35 430 5 355 10 

564 97 415 3 354 4 

563 25 402 3 344 8 

551 9 401 9 343 5 

550 24 400 8 342 6 
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Table 4 (continued) 

m/e relative m/e relative m/e relative 
abundance abundance abundance 

331 4 239 11 164 7 

330 3 238 85 163 7 

329 5 237 30 162 9 

328 23 224 6 150 9 

327 29 223 20 149 9 

326 22 214 15 145 14 

313 3 208 6 144 7 

312 7 207 10 137 12 

311 6 206 8 131 9 

310 4 196 7 126 11 

307 5 195 48 119 8 

306 2 194 7 118 8 

305 2 193 5 117 9 

304 8 192 10 99 18 

303 5 179 18 81 23 

300 7 178 16 69 41 

299 11 165 30 

metastable ions Doubly charged ions 

* ml m2 304.5, 303.5 

622.3 652 637 

607.4 637 622 

565.1 652 607 

524.1 607 564 
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Table 5 

[C6F4NHN'Me 2]3P [21] 

m/e relative m/e relative m/e relative 
abundance abundance abundance 

652 2.9 536 8 311 12 

638 8 535 11 310 2 

637 3.2 510 2.5 242 6 

623 26 508 3 238 19 

622 100 506 2.8 237 7 

608 9.5 492 3.8 224 12 

607 33 465 2.4 223 90 

594 12 415 12 222 37 

593 22 399 7 214 5 

592 31 385 27 207 7 

579 30 371 9 206 4 

578 53 356 15 195 11 

568 8 355 38 192 12 

567 7 354 15 191 13 

564 11 335 6 150 5 

551 6 328 6~ 149 10 

550 17 319 10~ 148 2 

549 39 312 3.5 69 14 
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Table 6 

[C6F4NH2]3P [25] 

m/e relative abundance m/e relative abundance 

525 2.7 308 1.5 

524 21 290 9.6 

523 100 251 1.7 

522 2.5 243 1.4 

509 1.8 214 6 

508 7.3 196 1.2 

504 1.8 195 14.6 

360 8.3 194 1.2 

359 48 145 3.8 

358 2 126 3.5 

344 1 105 1.8 

339 2 99 7.2 

328 3.6 79 33 

312 1.6 69 14.5 

metastable ions 

* ml m2 

246.4 523 359 

329.6 359 344 

320.1 359 339 

234.3 359 290 

177 .6 214 195 

98.2 214 145 

77.8 126 99 
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Table 7 

[CSF40CH3]3P [37] 

m/e relative abundance m/e relative abundance 

569 30 389 38 

568 100 351 3 

553 3 331 9 

538 6 305 9 

523 2 229 26 

510 5 210 50 

495 4 199 5 

483 2 193 10 

469 9 180 7 

437 8 167 10 

422 8 143 4 

407 4 111 8 

390 8 69 9 

metastable ions 

* ml m2 

538.4 568 553 

509.5 568 538 

481.6 568 523 

468.5 523 495 

408.8 538 469 

266.4 568 389 
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Table 9 

(C6FS)2PC6F4NHNHPh [22] 

m/e relative abundance Fragments 

621 14 

620 46 (C6FS)2PC6F4N2H2Ph 

619 8 (C6FS)2PC6F4N2HPh 

618 14 (C6FS)2PC6F4N=NPh 

600 7 C24liSF13N2P 

599 5 C24HsF13N2P 

530 9 

529 46 ClSH12F14NP 

528 27 C18HF14NP 

513 7 C18F14P 

420 3 ClsFllP 

413 8 C16FIOP 

365 11 C12FIOP 

363 6.7 

362 35 C12F9NH2P 

311 8 C12FSNH 

296 11 I C6F4h 

293 16 C12F7NH2 

265 9 CllF7 

255 8 C12FSNH2 

241 5 C12FSH2 

227 11 CllFS 
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Table 8 continued 

m/e relative abundance Fragments 

214 9 C6F5NH2P 

198 22 C6F5P 

129 22 C6F3 

117 13 C5F3 

110 13 C6F2 

105 27 C4F3 

92 100 C6H5NH 

77 81 C6H5 

69 39 CF3 
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Table 9 

H(C6F4h.F 

m/e relative abundance Fragments 

612 4 H(C6F4)4F 

464 50 H(C6F4)3F 

395 15 Cl7HFIO 

316 100 H(C6F4)2F 

297 25 C12HF a 

278 25 Cl2HF7 

259 30 Cl2HF6 

247 40 C11HF6 

223 55 C9F6H 

167 8 C6FS 

149 27 C6F4H 
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Table 10 

H[C6F4h.H 

m/e relative abundance Fragments 

594 7 H(C6F4)4H 

446 100 H(C6F4)3H 

377 20 C17H2F9 

298 90 H(C6F4)2H 

279 10 C12H2F7 

260 14 C12H2F6 

241 4 C12H2FS 

229 35 CUH2FS 

149 15 C6F4H 
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