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CHAPTER 1 

General introduction 

It is widely realized that organo compounds of phosphorus 
play a vital role in living processes. The importance of phos
phate esters in nucleic acid synthesis and in evolving carbon 
skeletons by carbon-carbon bond formation, particular in ste
roid synthesis and metabolism, is now well known. The deve
lopment of several new methoqs of phosphorylation, culmina

ting in the authentic preparation of adenosine triphosphate 
(ATP), could be considered as an important breakthrough. In 
this context the investigations of K h o r an a 1 on polynu
cleotide and their relation to the genetic code should be 
mentioned. Furthermore, new reaction routes were developed 
for synthesizing a number of natural products via the 
W i t t i g 2 reaction. The results of the investigations of 

W e s t h e i me r 3 on the hydrolysis of ethylene phosphate, 
established a reaction mechanism involving the formation of 
a pentavalent intermediate, which is responsible for ligand 
exchange without ring opening. In this connection, it is of 
interest to mention the work of V o n c k e n~ on the a
alkylation of carboxylic acids and phenols by means of oxa
phospholenes. 

+ ROCHJ 
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The proton affinity of the apical ring oxygen atom controls 
the rate of this conversion. This behaviour of activated sub
strates gives rise to the supposition that a number of proces
ses in the living cell are accelerated in the presence of ATP 

via a penta co-ordinated phosphorus atom. 

This survey of organo-phosphorus chemistry makes it clear 
that the geometry of organo-phosphorus compounds and inter
mediates plays an extensive role in this kind of chemistry. 
The aim of this thesis is to obtain more insight into the 

nature of bonding in a number of organo-phosphorus compounds 
from an experimental and theoretical point of view. As model 
for these investigations, the {bis-(2,2'-biphenylene)phospho
nium}{tris-(2,2'-biphenylene)phosphate} complex and the bis
(2,2'-biphenylene)phosphoranyl radical, which is the precur
sor for the formation of the complex, were used. 

This radical opens the possibility of using electron spin re
sonance spectroscopy (ESR) as a tool for these kinds of in
vestigations. The ESR data unambiguously showed that the 3d
orbitals of the phosphorus atom participate with the organic 
ligands, containing n-electrons via d0 -p 0 overlap. Further

more, it appeared that the electron affinity of the various 
ligands strongly influences the delocalization of the odd 
electron. In that connection, these data are closely related 

to recent studies of ESR experiments on unsymmetric sand
wich complexes of n-cyclopentadienyl-n-cycloheptatrienechro
mium (I) and n-cyclopentadienyl-n-cycloheptatrienylchromium 

(-I) radical anion 5 • 
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Considering the exclusive behaviour of phosphorus in its 
various valence states, it seems worthwhileto state that this 

element in a specific surrounding promotes itself to an elec
tronic configuration, which is related to the behaviour of 
transition elements. 

Although it is generally accepted in classical carbon che
mistry, that electron delocalization leads to a decrease in 
hybridization of the carbon atom which is linked to a group 
able to offer or accept electrons, no d i r e c t evidence 
is obtained for this phenomenon. In contrast, the change in 
hybridization in organo-phosphorus compounds could be clearly 
established by means of ESR measurements. This was confirmed 
for a trigonal bipyramidal phosphoranyl radical, in which 
the ligands consist of aryl groups. These aryl ligands sti
mulate odd electron delocalization. This involves a change 
of a trigonal bipyramidal (sp3d) configuration into a tetra

hedron (sp 3) like configuration. 

One of the interesting physical features of the tetrahedron 
like radicals was the presence of a strong Jahn-Teller effect 

in a number of symmetrically substituted ones. This could be 
concluded from the ESR data, which showed that in these 
symmetric radicals the spin density is strongly localized in 

just one half of the radical. 

Chapter 2 offers the description of the syntheses of a number 
of spiro phosphonium-phosphate complexes. Furthermore, the 
preparations of related symmetric phosphonium salts, substi

tuted with donor and acceptor groups para with respect to 
the phosphorus atom, are given. Finally the formation of a 
number of semi-spiro phosphonium salts is reported. 

Chapter 3 deals with the ESR spectra of the phosphoranyl 
radicals found as intermediates in the formation of the phos
phonium-phosphate complexes. The ESR data of a number of 
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phosphoranyl radicals derived by means of electrochemical 

reduction from the corresponding phosphonium salts are also 
reported. These ESR data are interpreted in terms of spin 
density delocalization in aryl ligands. Furthermore, it is 

showed that some of these radicals dimerize at various tem
peratures, presumably involving a phosphorus-phosphorus bond. 
The influence of donor and acceptor groups on this dimeriza
tion is established. It occurred that donor groups destabi
lize the monomeric form, whereas acceptor groups stabilize 
the monomeric form of this type of radicals. A large diffe
rence between the values of the phosphorus doublet splitting 
constants in dependence of the substituted groups and the 
temperature was observed and explained in terms of changes 
of the spin density at the central carbon atoms and changes 

in configuration of the phosphorus atom, respectively. 

In chapter 4 the geometry of two types of phosphoranyl radi
cals will be discussed: those formed by reduction of the 
symmetric phosphonium salts, containing two biphenylene 
systems as ligands and those formed by reduction of the un
symmetric phosphonium salts, in which only one half of the 
molecule consists of a biphenylene group. The phosphorus 
atom in these radicals should achieve a trigonal bipyramidal 

(TBP) configuration. However, it will be shown that in both 
types of radicals a rapid stereo-isomerization into a tetra
hedron (T) like geometry occurs. The experimental proof of 
this isomerization is given by photolysis of bis-(2,2'-biphe

nylene)hydrogenphosphorane. This phosphorane has a TBP con
figuration. Irradiation causes a cleavage of the equatorial 

hydrogen atom. The unpaired electron now looses its equato
rial position forced by the aryl ligands, leading to aT
like geometry. 

In chapter 5 some physical-organic aspects of spiro penta

and hexavalent phosphorus compounds are discussed. Attention 
is paid to the chemistry of the hydrogen of the bis-(2,2'-
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biphenylene)hydrogenphosphorane in dependence of its ligand 
orientation. It appeared that the hydrogen atom reacted as 
proton or hydride donor. Ligand orientation controls this 
amphoteric behaviour. Finally, the photochemistry of the 
tris-(2,2'-biphenylene)phosphate anion is investigated in 
weak proton donor solvents like methanol. The phosphate anion 
showed an unusually high proton affinity for the ortho carbon 
atoms of the biphenylene ligands. Experiments carried out in 
weak proton donor solvents under ultra-violet irradiation 
showed a rapid conversion into the same compound obtained in 
strong proton donor solvents like diluted hydrochloric acid. 

Finally, in chapter 6 the preparations of the compounds in
volved in the investigations of this thesis are described in 
detail. Also the generation of the radicals is given. Fur
thermore, the instrumental equipment and the ESR measurements 
conditions are reported. 

* 
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CHAPTER 2 

Preparation of phosphorus spiro compounds 

2 .I . Introduction 

This chapter deals with the description of the syntheses of 
a number of spiro phosphonium-phosphate complexes. A new re
action route was developed for preparing {bis-(2,2'-bipheny
lene)phosphonium}{tris-(2,2'-biphenylene)phosphate}. In this 
reaction sequence an intermediate phosphoranyl radical could 
be detected. In order to study this radical, the related 
spiro phosphonium salt was prepared from which the phospho
ranyl radical can be generated by means of electron reduc
tion. For further investigations on this type of radicals, 
some new analogous spiro phosphonium salts, substituted with 
donor and acceptor groups, have been synthesized. The pre
paration of bis-(2,2'-biphenylene)phosphorane is then des
cribed. From this phosphorane the related radical can be 
obtained by means of irradiation. Finally the formation of 
a number of semi-spiro phosphonium salts is reported. 

2.2. Synthesis of phosphonium-phosphate complex by means of PCt5 
The conversion of phosphorus pentachloride with 2,2'-dili
thiobiphenyl leads to the spiro complex 1. 

13 



The reaction is carried out with 2.5 mMol of 2,2'-dilithio
biphenyl and 1 mMol phosphorus pentachloride in diethyl ether 

at -78°. 

The reaction is describ~d by He 1 1 w i n k e 1 1 and based 
+ -on the ionic structure PC1 4 .PC1 6 of phosphorus pentachloride 

in the solid phase. Although H e 1 1 w i n k e 1 does not 
give any further proposal for the reaction sequence, it is 
clear that the reaction starts with a nucleophilic attack 

+ 
from 2,2'-dilithiobiphenyl on the PC1 4 (route A). A second 
attack from 2i2'-dilithiobiphenyl leads to the formation of 
the sixmembered phosphate anion (route B). 

fi.-0• 
Q-u • A ~.JQJ u-Q e ~-~ 2 ©ru •PC•,- ©'.'16J.u'©-- 0~· !gO 

The formation of the spiro complex 1 is now forced by its 
insolubility iri diethyl ether. This is confirmed by carrying 
out the reaction in tetrahydrofurane. In this solvent the 
phosphonium ion. is soluble, which gives rise to a complete 

conversion of the phosphonium ion into the phosphate ion 2. 

<f3>---(0) 

~PPo> 
gg 

2 

One of the interesting features of the spiro complex 1 is 
the possibility to convert this complex in a very simple 

manner with sodium iodide or sodium tetrafluoroborate into 
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the phosphonium cation 3 and the phosphate anion 4. 

3 4 

However, it appeared that the preparation of the spiro com
plex 1, according to He 1 1 wink e l's procedure, leads 
to very small nonreproducible 0-20% yields. This is apparent
ly caused by side reactions . 

. 2.3. Synt~esis of phosphon!um-phosphate complex by means of PCI3 

In order to avoid the poor results of the reaction with phos
phorus pentachloride a new reaction route 2 was developed. 
Using phosphorus trichloride instead of phosphorus penta
chloride, the overall yield of complex 1 increased up to 
50%. Moreover, the reaction could be carried out at room 
temperature. 

Additional evidence for the identification of the complex, 

obtained by means of phosphorus trichloride, was confirmed 
by IR, 31P NMR, and C, H, P analysis and decompositionpoint. 

Table I 
31 p NMR measurements* 

Compound 1 oP+ oP - Solvent 

Hellwinkel -24.0 184 DMF 

This work -26.5 185 DMF 

Element analysis and decomposition point 
Compound 1 %C %H %P Decamp. Ref. 

Calcd. 87.57 4.90 7.53 255-256° This work 

Found 87.32 5.01 7. 36 II 254-256° Hellwinkel 

*The chemical shifts are measured from H3P04 (85%) as 
internal standard and given in ppm. 
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In contrast with He 1 1 w i n k e l's experiments the com
mercial available 1,2-dibromobenzene was used as starting 

material, instead of 2,2'-diiodobiphenyl 3
•

4 ,which requires 
a 5-step reaction sequence. From 1,2-dibromobenzene, 2,2'

dibromobiphenyl was prepared in a very simple way 5
•

6
• Yield 

90%. 

To obtain the spiro complex 1, a solution of phosphorus tri

chloride was added at room temperature to a solution of 2,2'
dilithiobiphenyl in absolute diethyl ether. Upon addition of 
the phosphorus trichloride, a deep violet colour was obser
ved. The violet colour of the solution gradually disappeared, 
and a yellow precipitate of the spiro complex 1 was formed. 

Following the reaction by means of ESR measurements it ap
peared that the violet colour belongs to a phosphorus radi
cal. See Figure 1. More detailed ESR investigations on this 
radical are described in Chapter 3. 

Figure 1 - ESR spectrum of the reaction of 2,2'-dilithiobi
phenyl and PC1 3 

From these facts it will be clear that in the reaction be
tween 2,2'-dilithiobiphenyl and phosphorus trichloride, an 
organo-phosphorus radical is present as an intermediate. 

This radical was proved to be the phosphoranyl radical 5. 
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The reaction sequence is outlined in Scheme I. 

Q-Br n-C4Hgli ~0 n-C4HgLI ~0 
~ THF,-78° ~ r ether,o• ~ r 

~ ~~ uu 

PCI3 

ether, 25° 

-e -e ---+e ---+e 

6 5 

7 

Scheme I - The sequence for the reaction of 2,2'-dilithiobi
phenyl and PC1 3 

From a detailed study of the reaction sequence one must con
clude that the tetravalent anion 6 is a realistic and impor
tant precursor for the formation of the phosphoranyl radi
cal 5. A two-step oxidation-reduction process is involved 
which leads to an overall removal of two electrons from 6 
to 7. This is not surprising, since 6 possesses ylid charac
ter, which gives rise to a participation of the phosphorus 
d-orbitals. Therefore, the oxidation of 6 is greatly enhan-
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ced. Further evidence for the existence of 6 was found in 
the reaction of P-chloro-2,2'-biphenylenephosphine and 2,2'
dilithiobiphenyl in ether. This reaction resulted in the 
formation of the radical 5 and ultimately in the spiro com
plex 1. Furthermore, the Scheme I for the reaction sequence 
is strongly supported by a number of experiments carried 
out by He 1 1 wink e 1 13 • These experiments also prove 
that the tetravalent anion 6 is the crucial intermediate in 
the formation of the phosphoranyl radical 5. A survey is 
outlined in Scheme II. 

7 

Buli 

6 

BuLi -e 

7 5 

Scheme II 

As already mentioned the reaction takes place at room tem

perature in contradiction with the reaction of H e 1 1-
w ink e 1. At temperatures lower than 0°, both the phos-
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phoranyl radical and the complex 1 were absent. This influ
ence of the temperature on the reaction of 2,2'-dilithiobi
phenyl and phosphorus trichloride and on similar reactions 
will be discussed later on. 

2.4. Syntheses of analogous phosphonium-phosphate complexes by means of PCI3 

In order to study the influence of substituents in the bi
phenylene system on the formation of the phosphonium-phos
phate complex, a number of 5,5'-disubstituted-2,2'-dibromo
biphenyl compounds with donor and acceptor groups was syn
thesized. As donor substituents methoxy and dimethylamino 
groups were chosen 7

• Fluorine was substituted as an example 
for an inductive acceptor. 
pared as starting material 
complexes 8, 9 and 10. 

These compounds have been pre
for the preparation of the spiro 

2,2'-Dibromo-S,S'-dimethoxybiphenyl was prepared from com
mercial available 3,3'-dibromobiphenyl by bromination in 
acetic acid 8

• 

MeO OMe 

©--<0) 
CHJCOOH 

MeO OMe 

~ 
Br Br 

Scheme III - Preparation of 2,2'-dibromo-5,5'-dimethoxy
biphenyl 
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2, 2 1 -Dibromo-5, 5 1 -dimethylaminobiphenyl was synthes~ized from 
2,2 1-dibromobiphenyl by nitration 9 • The diamino compound was 

obtained by reduction with tin. Methylation with trimethyl 
phosphate resulted in the dimethylamino compound. 

~ 
Br Br 

Scheme IV- Preparation of 2,2 1-dibromo-5,5 1-dimethylamino
biphenyl 

2,2 1-Dibromo-5,5 1-difluorobiphenyl was prepared by using 2,2 1-

dibromo-5,51-diaminobiphenyl as starting material. The diami
no compound was diazotised in the usual manner, followed by 
isolation of the stable diazonium tetrafluoroborate. Thermo
lysis of the diazonium salt gives the desired product 10 • 

F F 

~ 
Br Br 

Scheme V- Preparation of 2,2'-dibromo-5,5 1-difluorobiphenyl 

Conversion of these compounds into the corresponding dilithio 
compounds occurred by action of n-butyllithium in absolute 
diethyl ether. Upon addition of phosphorus trichloride to the 

5,5'-disubstituted biphenyl compounds, the reaction gave 

varying results. They are summarized in Table II. 
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Table II 

Products of the reaction of subst. biphenyls and PCl3 

R p • p•p- p• yield (%) temp. (oC) 

N(CH3) 2 - - + z s* 34 

OCH 3 - - + so* 34 

H + + - 50 10 

F + + - ? -70 

*The salts were obtained after addition of NaBF 4 . 

From Table II it is clear that donor and acceptor groups have 
a strong influence on the formation of the spiro complex 8 -
10. Apparently acceptors and R=H stimulate the formation of 

the complex. However, the complex formed if R=F decomposed at 

room temperature. A possible explanation for this phenomenon 

might be the stabilization of the phosphorus cation by donor 

substituents: 

0~-~0------· ~ 0~·~0-----.. ... 

0~ ~0 •O~ ~0 
7 11 

Mesomeric structures as 11 prevent the formation of the spiro 

complex. Contrary hereto, acceptor groups destabilize struc

tures like 11. This means that further co-ordination becomes 
possible by another dilithiobiphenyl molecule leading to the 

phosphate anion. 

In this context it is of.interest to describe the synthesis 

of the spiro radical 12, in which all hydrogen atoms are sub

stituted by fluorine 11 • 

r/2\rBr 
~Br 

n-C4HgLi,TiClj, 

ether, -7et' : Br 

Br 

n -C4HgLi 
ether.- 78° ... 

:

Li 

Li 
F 

ether. -78° 
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H • COMPLEX 

12 

From the foregoing hypothesis it is to be expected that in 
this case also a spiro complex should be formed, because the 
acceptor tendency of the fluorine atoms introduces a very 
strong stability for the intermediate radical 12. This radi
cal could be observed at temperatures lower than -60°. After 
some time the.radical 12 disappeared and a yellow precipitate 
was found. This precipitate was very unstable and decomposed 
during isolation 12

• 

For a detailed study on the free radicals, formed during the 
reaction, it was necessary to prepare these radicals by di
rect electron reduction of the corresponding phosphonium 
salts. Therefore, a number of new phosphonium salts was pre
pared. 

2.5. Syntheses of spiro phosphonium salts 

The preparation of the phosphonium salts which correspond to 
the phosphonium cation of complex 1 is based on the reaction 
sequence in Scheme VI. 

•gu I PhOl3 P= 0 R~p~RHCI :~·~: BF4" Li ether, 34° 

lo NoBF4 

R R O R 
Li 

3 R=H 13 R=F 14 R=OCH
3 

15 R=N(CH
3

)
2 

Scheme VI - Preparation of phosphonium salts 

According to this reaction route the phosphonium salts 3, 13, 
14 and 15 were prepared. 
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2 .6. Synthesis of bis-(2,2' -biphenylene )hydrogenphosphorane 

Another possibility to generate radicals of type 5 is photo
lysis of the corresponding spiro phosphorane. Therefore, in 
the scope of these investigations, the phosphorane 16 was 
synthesized 13

• 

NaBH4 BF4- ____ ..,. 
ethanol 

3 t6 

2.7. Syntheses of semi-spiro phosphonium salts 

Up to now, the prepared phosphonium-phosphate complexes and 
phosphonium salts were symmetric. It was necessary, for the 
interpretation of the ESR measurements, to prepare a number 
of related semi-spiro phosphonium radicals 14 • These radicals 
are generated from the corresponding phosphonium salts. 

2,2'-Biphenylenediphenylphosphonium iodide was prepared from 
2,2'-biphenylenephenylphosphine 15 and bromobenzene according 
to a Friedel-Crafts reaction. 

Qlu _Ph_P_C....;I2~.,... ©'Li ether, 34° 

PhBr,AICIJ 

JO(f, I< I 
I 

n 
2,2'-Biphenylenephenylmethylphosphonium iodide was obtained 
by simple action from methyl iodide on 2,2'-biphenylenephe
nylphosphine in chloroform15 , 

~~P ehl~:~:m. 20' 
18 
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2,2'-Biphenylenedimethylphosphonium iodide was synthesized 
starting from 2,2'-dilithiobiphenyl according to the follow
ing reaction sequence 16 • 

~Li &Li ether. 20° 
I 

19 

2,2'-Biphenylenephenylbenzylphosphonium chloride was formed 
by action from benzyl chloride on 2,2'-biphenylenephenyl
phosphine. 

~~P PhCH2CI ~·;g Cl-
chloroform. 20° p" CH2 

6 
20 

2,2'-Biphenylenephenyl-p-nitrophenylphosphonium iodide was 
also obtained from 2,2'-biphenylenephenylphosphine. 

24 

02N-@-N2c( 

HCI.Kl 

* 
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CHAPTER 3 

Electron spin resonance measurements 

3.1. Introduction 

This chapter is dealing with the ESR spectra of the phospho
ranyl radicals found during the preparation of the complexes 
of type 1. The spectroscopic data of a number of phosphoranyl 
radicals derived from the corresponding phosphonium salts 
are also reported. The spectra reveal the presence of phos
phoranyl radicals with a small doublet splitting, due to 
interaction of the unpaired electron with the phosphorus nu
cleus. They also show the presence of delocalization of the 
unpaired electron in the aryl ligands. Furthermore the bis-
2,2'-biphenylenephosphoranyl radicals dimerized at low tem
peratures. 

The phosphoranyl radicals were generated according to the 
following methods: 
1. Reaction of dilithiobiphenyl compounds and phosphorus tri

chloride. 
2. Cathodic reduction of the phosphonium salts. 
3. Irradiation with ultraviolet light of the corresponding 

phosphoranes. 

Method 1 proved to be not quite satisfactory. This was due to 
the appearance of side reactions and the formation of a pre
cipitate. Methods 2 and 3 have been chosen, because with the
se methods clear solutions of pure phosphoranyl radicals 
could be obtained. 
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3.2. ESR spectra 

As mentioned in Chapter 2, the phosphoranyl radical 5 was ob

served during the reaction of 2,2'-dilithiobiphenyl and phos

phorus trichloride. To follow the reaction by means of ESR 

measurements the spiro complex 1 was prepared in the reso

nance cavity of the ESR apparatus, using a flow system. An 

increasing ESR signal with increasing intensity of the violet 

colour, and a decreasing ESR signal with decreasing intensity 

of the violet colour was observed. 

The ESR spectrum showed a small doublet splitting of 19.4 G 

in diethyl ether, which results from the interaction of the 

unpaired electron with the 31 P nucleus. However, under the 

reaction conditions used, the ESR spectrum showed no hyper

fine structure. This was probably due to fast electron ex

change reactions. Therefore the reaction was followed with 

ESR at low temperatures. At 0° C or below, no ESR signal was 

observed and the spiro complex 1 was not formed. Therefore 

the (intermediate) radical 5 was prepared by means of elec

trolytic reduction of the complex 1 and the bis-2,2'-biphe

nylenephosphonium iodide in different solvents at -60° C. 

(Method 2). At this temperature an ESR spectrum could be 

obtained with hyperfine structure 1
• See Figure 2. 

Figure 2 -The ESR spectrum of bis-2,2'-biphenylenephospho
ranyl radical 5 
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This hyperfine structure consists of fifteen components, se

parated by 0.85 G, with a total breadth of some 12 G. The ESR 
data are recorded in Table III. 

Table III 

ESR measurements of radical 5 
Prep. of 5 from ap(G) Temp. co_s_J Solvent 

Dilithiobiph. + PC1 3 19. 4 20 ether 
Dili thiobiph. + PC1 3 - 0 ether 
Electrol. red. of 1 17.6 20 DMF 
Electrol. red. of 3 17.6 20 DMF 
Reduction by K of 3 17.9 20 THF* 

1 

Electrol. red. of 3 14.8 -60 THF/DMF 

Electrol. red. of 1 14.8 -60 THF/DMF 

*Observation by Hellw1nkel 2 

The small value of the phosphorus splitting constant gave the 
impression that the unpaired electron is delocalized on one 
biphenyl-system. From this point of view the spin densities 
in the radical were calculated. A value of 0.364 was found 

for the spin density at the carbon atoms, linked to the phos

phorus atom. The spin density was calculated with p=ap/IQI in 
which IQI is an empirical constant. The IGI value was taken 
to be 40.68 G, which is the phosphorus doublet splitting con-

• + 3 .. stant of H2C-P (C6H5) 3 ' . In this radical ion the unpaired 

electron is located at the methylene carbon atom. 

A more careful analysis by means of computer simulation of 
the spectrum indicated that four positions of the ring pro
tons have a splitting constant (aH) of 0.85 G, two positions 

have an aH of 1.70 G and the remaining two positions have an 

aH value of 2.55 G. Calculating the sum of the spin densities 
at the ring positions from these splitting constants, a value 

of 0.440 was found. IQI = 27 G was taken for the ring pro
tons5. Adding this value of 0.440 to the sum of the spin den

sities at the carbon atoms,linked to the phosphorus, a total 
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spin density for the biphenyl system of 0.804 was obtained. 
The deviation from 1.000 is caused by neglecting the spin den
sities at those positions where no hyperfine interactions can 
be observed, due to absence of protons. The striking agree
ment of the measured and simulated spectra (see Figure 3) and 
quantum chemical calculations indicated the delocalization of 
the odd electron on the biphenyl system. 

Figure 3 - Simulated ESR spectrum of 5 

This is in agreement with investigations of Bucket al. 6 

on some diphenylmethyltriphenylphosphonium and fluorenyltri
phenylphosphonium radical ioris in which no delocalization of 
the unpaired electron on the triphenylphosphonium part oc
curs. 

To investigate the influence of donor and acceptor groups, 
substituted in the biphenylene system, para with respect to 
the phosphorus atom, on the phosphorus splitting constant and 
the delocalization of the unpaired electron, a number of 
phosphoranyl radicals has been generated from the correspond
ing phosphonium salts 13 R=F, 14 R=OCH3 and 15 R=N(CH3) 2 . 

The bis-{2,2'-(5,5'-dimethoxy)biphenylene}phosphoranyl radi
cal showed a not too well resolved hyperfine spectrum at -40° 
(see Figure 4). 

The ESR spectrum of bis-{2,2'-(5,5'-dimethylamino)biphenyle-
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Figure 4 - ESR spectrum of bis-{2,2'-(5,5'-dimethoxy)bipheny
lene}phosphoranyl radical 

ne}phosphoranyl radical showed no hyperfine structure. The 
radical derived from the bis-{2,2'-(5,5'-difluoro)biphenyle
ne}phosphonium salt 13 showed a not well resolved hyperfine 
pattern. All these radicals and the substituted radical 5, 
exhibited similar values for the phosphorus doublet splitting 
constants. See Table IV. The doublet splitting constants have 
been measured at various temperatures. 

As already mentioned the ESR spectrum of radical 5 indicated 
that the unpaired electron is localized in one half of the 
molecule on the ESR time scale. The related phosphoranyl ra
dicals, derived from 13, 14 and 15, showed the same localiza
tion for the odd electron. 

3.3. Oimerizotion of phosphoranyl radicals 

The ESR hyperfine pattern for 5 was established in THF/DMF at 

30 



-60°. A further study revealed that the deep violet colour, 
and the ESR signal of 5 at lower temperatures than -60°, gra
dually disappeared. At about -100° the solution is completely 
diamagnetic. When the temperature of this solution was raised, 
the ESR signal of 5 could be observed at once. Also ultra
violet irradiation of the diamagnetic solution was readily 
followed by the ESR spectrum of 5. The spectrum disappeared 
within a few seconds when the irradiation was stopped. The 
reversibility has been confirmed at various temperatures. The 
same observations were made for the phosphoranyl radicals ge
nerated from 14 and 15. These radicals dimerized at -30° and 
Nl0° respectively. See Table IV. 

Temp. 

zo 0 

0 
-20 
-40 
-60 
-80 

-100 
-120 

Table IV 
ESR measurements of 

R R 

.::~~. 
ap(R=F) ap(R=H) ap(R=OMe) 

15.5 G 18.6 G 21.6 G 
17.4 20.3 

14.0 16.7 19.3 
12.5 15.6 18. 3* 
11.8 14.7 17 .1* 
10.3 14.2 16. 3* 

13. z• 15. 7" 
12.9* 

ap(R=NMe 2) 

2 2. 9* G 
21. 3* 
19. 6* 
17. s• 
16. 8* 
15. 5* 

*After irradiation of the diamagnetic solution 

Another interesting aspect of these radicals is the influen
ce of substituents in their chemical behaviour. From Table IV 
it is clear that electron-donating substituents destabilize 
the monomeric form and electron-accepting groups stabilize 
the monomeric form of this type of phosphoranyl radicals. 

With regards to the process of dimerization of the phosphora
nyl radicals of 5, 14 and 15 an equilibrium is supposed be-
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tween: 

• 2(biPh) 2P 

The dimer compound can be regarded as a loose dimer (rr-com
plex) or as a local dimer involving a weak phosphorus-phos

phorus bond. See Figure 5. 

<J I> 
<J-D 

Figure 5 - Dimeric forms of bis-biphenylenephosphoranyl radi
cals 

Probably, rr-complex dimers can be ruled out since they are 

usually coloured. Furthermore, it appeared from Table IV that 
the phosphorus doublet splitting constants decrease simulta

neously with decreasing temperature. Since a constant line 
width was observed, this could only be explained by assuming 

a small change in the configuration of the phosphorus atom. 

The differences of the phosphorus doublet splitting constants 
for the radicals of 14 and 15 with respect to 5, are due to 
the electrostatic repulsion of the lone pairs -located in the 
substituents- with the unpaired electron. Jhis repulsion cau

ses an increasing spin density at the carbon atoms linked to 
the phosphorus atom, resulting in an increasing value of the 
phosphorus doublet splitting constants for ~he radicals of 
14 and 15. This was established by the observed small value 

of the phosphorus doublet splitt constant for the radical 

of 13, in which, in the substituent, the lone pair is absent. 

3.4. ESR spectra of semi-spiro unsymmetric phosphoranyl radicals 

As reported in Chapter 2 a number of semi-spiro unsymmetric 
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phosphonium salts were prepared. The radicals generated from 

their corresponding salts 17-21 were measured. In these radi

cals, only one half of the molecule consists of a biphenylene 
group. The other ligands are phenyl, methyl, benzyl or p-ni

trophenyl groups. It occurred that the spin density is delo

calized in the aromatic ligands. 

For the radicals 17, 19 and 20 hyperfine structure was found. 

The hyperfine structure of 17 consists of five components, se

parated by 2.4 G, with a total breadth of some 12 G. See Fi

gure 6, 7 and 8. The experimental data are tabulated in Table 

v. 

Figure 6 - ESR spectrum of biphenylenediphenylphosphoranyl 

radical 

From the measured values it appeared that in these radicals 

the spin densities are located in the biphenylene ligand. 

This must be due to a higher electron affinity of the biphe

nylene system in comparison with the phenyl or methyl groups. 

The spectrum of the phosphoranyl radical of 18 was not well 

resolved. The influence of a high electron affinity of the 

ligand could be demonstrated for the radical of 21. See Fi

gure 9. 
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SG ...____ 

Figure 7 - ESR spectrum of biphenylenedimethylphosphoranyl 

radical 

In this radical a very strong localization of the spin densi

ty was established. The experimental data give rise to the 

conclusion that the spin density is just localized in the p

nitrophenyl group. This pronounced localization is not sur

prising, since it is well known that the p-nitrophenyl group 

shows a strong acceptor tendency for electrons. 

The values of the splitting constants from Table V were used 

for simulating the ESR spectra. The simulated spectra were in 

good agreement with the measured ones. The measured and the 

calculated splitting constants, spin densities and the influ

ence of the character of the different ligands will be dis-
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cussed in Chapter 4. 

Table V 

ESR experimental data of unsymmetric phosphoranyl radicals 

Radical of ap(G) aN(G) aH(G) 

17 9.5 2.4· 
18 14.6 
19 17.6 2.s• 
20 9.6 2.s• 
21 6.5 13.0 3. 3** 

•concerns the protons of the biphenylene system 
••concerns the protons of the p-nitrophenyl group 

SG 
r---

Figure- 8 - ESR spectrum of biphenylenebenzylphenylphosphora

nyl radical 
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Figure 9 - ESR spectrum of biphenylenephenyl-p-nitrophenyl 
phosphoranyl radical 
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CHAPTER 4 

Configuration and stereo-isomerization of phosphoranyl radicals 

4 .I. Introduction 

In this chapter the geometry of two types of phosphoranyl ra
dicals will be discussed: those formed by reduction of the 
symmetric phosphonium salts, containing two biphenylene sys
tems as ligands and those formed by reduction of the unsymme
tric phosphonium salts, in which only one half of the molecu
le consists of a biphenylene group. 

The phosphorus atom in these radicals should achieve quinque
valency (counting the electron as a substituent) and most 
likely a trigonal bipyramidal (TBP) configuration via parti
cipation of its 3d-orbitals in the electronic structure. How
ever, it will be shown that in both types of radicals a rapid 
stereo-isomerization in a tetrahedron (T) like geometry oc-
curs. 

The experimental proof of the stereo-isomerization can be gi
ven by photolysis of bis-(2,2'-biphenylene)phosphorane, re
sulting in a phosphoranyl radical identical to the radical 
obtained by electrochemical reduction of the bis-(2,2'-biphe

nylene)phosphonium ion 3. The phosphorane has a TBP configu
ration. Irradiation causes a cleavage of the equatorial hy
drogen atom. The unpaired electron now looses its equatorial 
position, presumably forced by the aryl ligands. Also the 
observed small phosphorus doublet splitting constants (N20 G) 
indicated a T geometry for these radicals. 
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In the unsymmetric phosphoranyl radicals the odd electron is 
delocalized in the aromatic ligands and the 3d-orbitals of 
the phosphorus atom. It is shown that the spin and odd elec
tron density distribution depends on the electron affinity 
of the aryl ligands. This was confirmed by quantum chemical 
calculations. 

4.2. Stereo-isoimerization of phosphoranyl radicals 

The ESR spectra of the bis-(2,2'-biphenylene)phosphoranyl ra
dicals examined in this study of geometry have been presented 
and analysed in chapter 3. They can be considered as four co
ordinated phosphorus compounds, which means that the unpaired 
electron is delocalized in the aryl ligands. This is in sharp 
contrast with other types of phosphoranyl radicals, such as 
alkyl-alkoxy and tetra-alkoxy phosphoranyl radicals 1

•
2

: 

OBut 

.,,, I 
'p--Me 

Me~, 
Me 

22 

OMe 

.,,, I 
'P--Me 

Me0/1 
OMe 

23 

.,,, I 
'P--OEt 

Et/1 . 
Et 

24 

In these radicals the unpaired electron occupies a ligand po
sition. The essential difference between the four and five 
co-ordination is reflected in their geometry. Radicals as 
22 - 24 with a TBP configuration, in which the unpaired elec
tron retains its equatorial position, have very large phos

phorus doublet splitting constants (600-900 G). 

However, the observed small values of the phosphorus doublet 
splitting constants (6-23 G) for the radicals of 5, 13 - 15 
and 17 - 21 indicated that these radicals must have a four co
ordination, which can be represented by a T geometry. 

In order to obtain more information about the geometry of ra
dical 5 another possible method of generating this radical 
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was used. Radicals of type 5 may also be formed by photolysis 
of the corresponding phosphorane 16 3

• 

H,, __ D 
(j 

- H•,hv ·- D (j ~lJ 
16 25 5,26 

D - <OQQ> 
This phosphorane has been obtained by treatment of the phos
phonium salt 3 with a small excess of NaBH4 in ethanol. The 
P-H containing product was reported as pure material stable 
under nitrogen in the dark. IR analysis showed a peak at 
2097 cm- 1 (P-H). Proton NMR signal in benzene for P-H occurred 

at -9 ppm (JP-H=482 cps). A solution, irradiated by UV light, 
of the phosphorane in benzene, with careful exclusion of 
moisture and oxygen, turns violet in colour. The ESR spectrum 
of the solution showed a doublet splitting with a coupling of 
18 G. The TBP configuration of the phosphorane is based on the 
following two arguments. An apical hydrogen atom is rather 
unlikely since the favoured CPC angle is N90° instead of 
120°~. Furthermore, the already mentioned P-H shift of -9 ppm 
is comparable with the P-H shift of -7 ppm for the spiro 
phosphorane 27 of G r i 1 1 e ret al. 5

, in which compound 
the hydrogen atom is situated in an equatorial position. 

I 

' I 

0~ 
I 

0~ H,,, I ' 
-~.hv 

., ... __ I . , 
'P--0 'P--O 

0~, toluene 0~, 

~~ ky. 
27 28 
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Consequently, the initially formed species 25 will have a si
milar TBP configuration. However, in contrast with the phos
phoranyl radical 28 6 , which has a large phosphorus doublet 
splitting constant of 915 G, even at -120° the ESR spectrum 
showed a small value for the phosphorus doublet splitting 
constant. 

As already reported in Table IV and V relatively small values 
for the phosphorus doublet splitting constants of radicals of 
type 5 were observed. This indicates that a very rapid ste
reo-isomerization of 25 into 5, 26 occurs, in which the un
paired electron gives up its equatorial position. The aryl 
ligands force the unpaired electron to resign its fixation as 
ligand in the TBP configuration. The values of the related 
phosphoranyl radicals are also small. This means that these 
radicals have a T-like configuration with delocalization of. 
the unpaired electron in the ligands. 

4.3. John-Teller effect in symmetric phosphoranyl radicals 

In 1937 J a h n and T e 1 1 e r 7 stated that symmetric mole
cular systems having an orbitally degenerate ground state 
may be geometrically unstable with respect to a displacement 
of atoms which removes that degeneracy. Orbital degeneracy 
of the ~-electrons can occur in a simple Hucke1 8 description 
of planar aromatic systems, as was given for the benzene and 
coronene anion. There are two possibilities for the Jahn-Tel
ler effect: first the dynamical Jahn-Teller effect. The zero
point energies of the molecular vibrations, which remove the 
electronic degeneracy, are of the same order as the energy 
which the molecule can gain by distorting. Secondly, the 
static Jahn-Teller effect. Now the zero-point energies are 
much smaller than the energy which the molecule can gain by 
a displacement into a distorted configuration. The molecule 
is still in an unsymmetric state with unsymmetric electro
nic wave functions. This type of Jahn-Teller effect is called 
"a strong Jahn-Teller effect". 
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The molecular orbital theory predicts that the phosphoranyl 
radicals of 5 and 13 - 15, which are highly symmetric, are in 
a spatially degenerate electronic ground state, so that, ac

cording to Jahn and Teller's theorem, they will tend to dis
tort into one or several more stable nondegenerate configura

tions of lower symmetry. Since the radicals are Huckel dege
nerate, and the unpaired electron is located on one half of 
the molecule on the ESR time scale, a strong Jahn-Teller ef
fect9•10•11 must be present. For these radicals open-shell 

calculations, in which all five 3d-orbitals of the phosphorus 

atom participate in the n-electron system, gave solutions 
with no physical sense in consequence of the degeneracy. The 
T configuration of the phosphorus atom was therefore calcula

ted for related compounds such as the radicals 17a - 2la, i.e. 
compounds in which there is no degeneracy of this kind consi
dered. The results of these calculations will be discusBed 
later on, and confirmed a T like geometry. 

4.4. Quantum chemical calculations 

By means of open-shell calculations according to the Unres
tricted Hartree Fock (UHF) method it is possible to calculate 
spin and electron densities for TI-radicals. These calculati
ons were used to interpret the ESR measurements of the phos
phoranyl radicals, in which at least one ligand consists of a 

TI-electron system. An essential feature of the UHF calculati
ons is that electrons of a and S spin are supposed to occupy 
two entirely distinct sets of molecular orbitals. Although 
the wave function of P o p 1 e and N e s b e t 12 is not an 
eigenfunction of s 2 the situation can be improved by using 

spin projecting operators 13 • 

The electron density q. and 
]. 

spin density pi are calculated 
by means of: 

a s 
qi p .. + P .. 

].]. ].]. 

a s 
pi pii pii 
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P~. and P~. are elements ii from the bandorder matrices of a 
ll ll 

and S electrons. According to this procedure ~ electrons 
in the system contribute to the spin density, although the 
odd electron gives the largest contribution. 

The UHF method, applied by P a r i s e r, P a r r and P o p-
1 e (PPP) in a semi-empirical approximation, will not be des
cribed here since it can be found in many textbooks. An im
portant advantage of the PPP method consists in its suitabi
lity to handle large molecules. 

4.5. Parameters used in the calculations 

In the biphenylenediphenylphosphoranyl radical a tetrahedral 
(sp 3) configuration was assumed. All five 3d-orbitals of 
phosphorus were taken into account. This opens the possibili
ty for a complete delocalization of the odd electron over the 
whole system including the phosphorus. The choice of the te
trahedral hybridization for the phosphorus atom was based on 
the small experimental phosphorus doublet splitting constants 
found for this compound and a number of related phosphoranyl 

0 
radicals. The C-C distances were taken to be: 1.39 A in the 

0 0 
benzene rings, 1.45 A between the benzene rings and 1.85 A 
between the phosphorus atom and the carbon atoms linked to 
the phosphorus atom. The CPC angle was taken 88°. Table VI 
gives the values of the parameters used in the calculations. 

Table VI 

Parameters 

atom a (eV) s (eV) y (eV) bond r 
0 

(A) 

c -11.16 -2.32 +11.13 C=C 1.39 
-1.80 c-c 1.45 

p - 2.85 + 6.3 C-P 1. 85 

The coulomb integrals a for the atoms which contribute one 
n-electron to the conjugated system are equal to the negative 

value of the valence state ionization potentials taken from 

the tables of Hinze and J a f f e 14
, and Levison 
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and Perk in s 15
• For the calculation of the resonance in

tegrals Sij for the C-P bond the following approximation was 
used: 

s .. = 
1) 

s .. (a..+a..) 
1) 1 J 

2(1 + IS .. I) 
1) 

In this expressionS .. represents the overlap integral deter-
lJ. 

mined by integrating over the corresponding Slater orbitals. 
The one-centre electron repulsion integrals yii were calcula
ted by the semi-empirical formula of P a r i s e r: 

y .. = I. - A. 
11 1 1 

in which I. is the ionization potential and A. the electron 
1 1 

affinity of atom i in its valence state. The two-centre re-
pulsion integrals y .. were calculated from the formula of 

1) 
a g a 1 o. N i s h i m o t 0 and M a t 

4.6. Influence of electron affinity of aryl ligands on spin and odd electron densities 
in phosphoranyl radicals 

The syntheses of the phosphonium salts from which the radi-
cals in Scheme VII are generated 17

, are already described in 
Chapter 2. 

~·~ 
17a 18 a 19a 

20a 21a 

Scheme VII - Survey of unsymmetric phosphoranyl radicals 
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In these radicals just one half of the molecule consists of 

a biphenylene system. The other ligands are phenyl, methyl, 

benzyl or p-nitrophenyl groups. 

In these radicals the spin density is delocalized in the aro
matic ligands. Preferential localization occurs if the li
gands have different electron affinities. This was confirmed 

by the calculations mentioned in the former paragraph. For 
the radicals 17a, 19a and 20a a hyperfine splitting pattern, 

which corresponds with four equivalent protons (ratio 1:4:6: 
4:1) was observed, The measured and quantum chemical calcula
ted hydrogen splitting constants (aH) and spin densities (p) 

of radical 17a are tabulated in Table VII. 

Table VII 
Experimental and calculated aH and p values of 17a 

1~ 
,K.H 

f:1 oo 
Position Calcd. aH(G) Exp. aH(G) Calcd. p 

1 - - +0.162 
2,13 - - +0.101 
3,12 1. 89 2.4 +0.070 
4,11 0.10 - +0.004 
5,10 2.63 2.4 +0.097 
6,9 : 0.60 - +0.002 
7,8 - - +0.136 

I 14-25 0.01-0.05 - 0.001-0.004 
L 

The phosphorus doublet splitting constants were calculated u
sing a core charge of the phosphorus equals one. To obtain a 
good agreement for the experimental and calculated values of 
the hydrogen splitting constants it was necessary to increase 
the core charge of the phosphorus atom. 

Similar values of the hydrogen splitting constants were also 
found for the other corresponding radicals 19a and 20a. The 
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spectrum of 18a was not well resolved. 

As appeared from Table VII, the spin density in radical 17a 

is located in the biphenylene ligand. This is due to a higher 

electron affinity of the biphenylene system in comparison 

with the phenyl groups. The spin density distribution in the 
radicals 19a and 20a is in accordance with this theoretical 
concept. The odd electron density calculations for radical 
17a, which are first order indications for ligand electron 

affinity. indeed showed a preference for locating the odd 
electron in the biphenylene group. See Table VIII. 

Table VIII 
Calculated odd electron density in 17a 

Phosphorus 
+0.20 

~.~ 
~~ 

·~ 

Biphenylene 

+0.85 

Phenyl 

-0.025 

A very strong localization of the spin density was establish

ed for radical 2la. The spin density in the p-nitrophenyl 
group equals one. This pronounced localization is due to a 
very strong -well known- acceptor tendency of the p-nitro

phenyl group for electrons. 

The influence of the methyl and benzyl ligands on the phos

phorus doublet splitting constants is of particular interest. 
The measured and calculated values are tabulated in Table IX. 

Table IX 
Experimental and calculated ap values 

Radical Exp. ap(G) Calcd. ap(G) 

17a 9.5 10.0 
18a 14.6 14.0 
19a 17.4 
20a 9.6 9.9 
21a 6.5 
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These results can be justified by changing the one-centre 

core and one-centre electron repulsion integrals for the 
phosphorus 18

1 in consequence of ligand exchange, introducing 
cr donation to the phosphorus atom. 

Finally an experiment was carried out to support this theo
retical and experimental aspect for the influence of ligands 
in phosphoranyl radicals on the spin and odd electron distri
bution. The tetraphenylphosphoranyl radical was prepared and 
confirmed to be identical to the radical already described 
in literature 19

•
20

• The hyperfine structure of this radical 
could be analysed, resulting in an ap value of 4.05 G, four 
hydrogen splittings of 2.70 G and eight protons with an aH 
of 1.35 G. Computer simulation and quantum chemical calcula
·tions showed that in this radical the odd electron density. 
is localized in the four phenyl groups. See Table X. 

Table X 
Calculated odd electron density in 

Phosphorus Phenyl 
+0.40 +0.15 

* 

47 



References 

1. P.J.KRUSIC, W.MAHLER and J.K.KOCHI, J.Am.Chem.Soc.,94, 
6033(1972) 

2. A.C.DAVIES, D.GRILLER and B.P.ROBERTS, J.Chem.Soc., 
Perkin 11,2224(1972) 

3. D.HELLWINKEL, Ber.,l02,528(1969) 
4. D.HELLWINKEL, Ber.,~,3628(1966) 

5. D.GRILLER and B.P.ROBERTS,J.Chem.Soc.,Perkinii,l416(1973) 
6. D.HOUALLA, R.WOLF, D.GAGNAIRE and K.P.ROBERT,Chem.Comm., 

443(1969) 
7. H.A.JAHN and E.TELLER, Proc.Roy.Soc.(London),Al61,220(1937) 

8. A. STREITWIESER, "Molecular Orbital Theory for Organic 
Chemists", John Wiley and Sons, New York, N.Y. 

9. L.C.SNYDER, J.Phys.Chem.,66,2299(1962) 
10. W.D.HOBY and A.D.Mc.LACHLAN, J.Chem.Phys.,33,1695(1960) 
11. C.KOOISTRA, J.M.F.van DIJK, P.M.van LIER and H.M.BUCK, 

Rec.Trav.Chim.,~, 961(1973) 
12. A.BRICKSTOCK and J.A.POPLE, Trans.of the Far.Soc.,~, 

Part 9(1954) 
13. A.T.AMOS, Mo1.Physics,~,91(1962) 
14. J.HINZE and H.H.JAFFE, J.Am.Chem.Soc.,84,540(1962) 

15. K.A.LEVISON and P.G.PERKINS, Theoret.c~im.Acta,14,206(1969) 
16. K.NISHIMOTO and N.MATAGA, Z.Phys.Chem.,~,335(1957) 

17. R.ROTHUIS, J.J.H.M.FONT FREIDE and H.M.BUCK, Rec.Trav. 
Chim. ,2_l,1308(1973) 

18. J.M.F.van DIJK and H.M.BUCK, J.Am.Chem.Soc., to be pu
blished 

19. IL'YASOV, YU.M.KARGIN, YA.A.LEVIN, I.D.MOROZOVA, B.V. 
MELNIKOV, A.A.VATINA, N.N.SOTNIKOVA and V.S.GALEEV, Ivz. 
Akad.Nauk.S.S.S.R.Ser.Khim.,!,770(1971) 

20. J.J.H.M.FONT FREIDE and R.ROTHUIS, Private Comm.,(l972) 

48 



CHAPTER 5 

Organo-dynamics of spiro phosphorus V and VI compounds 

5 .I . Introduction 

In this chapter some physical-organic aspects of spiro phos
phorus compounds V and VI are discussed. Firstly, the chemis
try of the hydrogen atom of the bis-(2,2'-biphenylene)hydro
genphosphorane in dependence of its ligand orientation is 
considered in more detail. Secondly, attention is paid to the 
photochemistry of the tris-(2,2'-biphenylene)phosphate anion 
in weak proton donor solvents like methanol. The results of 
a number of experiments appear amenable to a discussion in 
terms of pseudorotation. 

5.2. Ligand properties of bis-( 2,2'-biphenylene )hydrogenphosphorane 

One of the interesting features of the reaction between 2,2'
dilithiobiphenyl and phosphorus trichloride at room tempera
ture in diethyl ether is the formation of the intermediate 
bis-(2,2'-biphenylene)phosphoranyl radical in a high concen
tration. The scheme for the reaction sequence leading to the 
phosphonium-phosphate complex (Chapter 2, page 17) seems to 
be well supporfed by various experimental results. The impor
tant precursor for the formation of the phosphoranyl radical 
must be the tetravalent anion 6a: 

6a 

It is not quite clear whether a trigonal bipyramidal or te-
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trahedron like configuration is involved, since the corres
ponding radical has the latter geometry, as was demonstrated 
by spin delocalization in the biphenylene ligand. See Chapter 

4. Therefore, it was of great interest to interpret the re
sults of the investigations of He 1 1 w i n k e 11 on the 
reaction of bis-(2,2'-biphenylene)hydrogenphospho~ane 16 
with bases. It is now proposed that the phosphorane reacts 
with bases like t-BuO- or OH- in MeOH/THF or in H20/THF un

der proton abstraction into 6a. 

H,,,D s: ,. D •', 
p 'p_ 

(J <J 
16 6a 

During this reaction a small amount of radical is formed, 

whereas the larger part reacts via an SN2 like mechanism un
der the formation of: 

Presumably this formation occurs via an intermediate 6b 
which controls the pseudorotation: 

--
sa 6b ec 

This intermediate reacts further under electron release or 

in presence of a proton donor (EtOH or H20) under ring open
ing: 
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,, Cl· e:t~ EtOH/H20 t (;'p- ~ 

rapid ---~ 'D v 0 
0 . 

6b 

Although the concentration of the intermediate 6b will be 
small, it appears attractive from a mechanistic point of view 
to accept it as precursor for the ring opening in the presen
ce of protons. A further proof for intermediates of this type 
might be found in He l 1 wink e l's experiment on bis
(2,2'-biphenylene)hydrogenphosphorane with electrophiles like 
hydrochloric acid, iodine and methyl iodide, which was shown 
to result in hydride abstraction, leading to the phosphonium 
cation. Apparently the hydrogen atom can react as proton or 
hydride donor. Consequently it seems reasonable to assume 
that ligand orientation of the hydrogen atom controls its am
photeric behaviour: 

(l .,-D 
18\a 

acid (H+ donor) 

c-b 
1$b 

base (H- donor) 

In 16a the hydrogen atom reacts as an acid, because the phos
phorus atom in the trigonal orientation possesses sp2 charac
ter. In 16b the hydrogen atom reacts as a base, since the 
space orientated d-orbitals push the apical electrons away 
from the phosphorus atom leading to screening of the hydrogen 
atom. The conversion of the phosphorane in benzene into the 
radical can probably also be explained by the H-H+ beh~viour 
of this compound. 
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In this context it may be of interest to note that the phos

phorane reacts with a base like n-butyllithium under forma

tion of n-butylphosphorane: 

Bu,,, ""' ... ~_j 

<J 
H e 1 1 w i n k e 1 suggested an intermediate or transition 

state such as: 

This six co-ordinated complex, however, is not of importance 

to explain the formation of the n-butylphosphorane. Presuma
bly (see also Scheme II) n-butyllithium takes up a proton, 
followed bij an electron release reaction. A second molecule 
of n-butyllithium then reacts with the formed phosphonium 

cation. 

So far, all arguments appear in favour for assumption of the 
equilibria 6a +=="' 6b ~ 6c to _give a rather good explanation 

for the experimental results. On the other hand, there might 
be some doubt as to the viability of 6b, since the CPC angle 

is 90° instead of 120°, which makes 6b a highly energetic in-
- . 

termediate. In consequence the concentration of 6b will de-

crease. The fact, however, that in T r i p p e t t's apico
philic scale 2

•
3

, hydrogen is much more apicophilic than a 
phenyl ring,reduces the influence of the CPC angle distorti
on. This is visualized in Figure 10, in which an energy profi
le is given as function of the reaction co-ordinate. An ener
gy profile involving strain is also given by H o u a 1 1 a 4 

for double intramolecular processes in spiro phosphoranes,as 
27, observed by NMR. 
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ll.G 

t 
ligand orientation 

reaction co-ordinate 

Figure 10 

5.3. Photochemistry: of tris- ( 2,2' -biphenylene )phosphate anion 

He 1 1 w ink e 1 5 found that the conversion of tris-(2,2'
biphenylene)phosphate anion into the bis-(2,2'-biphenylene) 

- biphenylylene-2-phosphorane occurred in a solution of ethanol 
and diluted hydrochloric acid. 

* 2 29 

The phosphate anion 2 showed an unusually high proton aifini
ty for the ortho carbon atoms of the biphenylene ligands. In 
general, ortho hydrogen atoms in biphenyl exchange in very 
strong deuterated acids 6

• Therefore it seems reasonable to 
assume that the sp3d2 hybridization of the phosphorus atom 
leads to an increase of the local basicity of the carbon 
atoms linked to the phosphorus atom. This is not surprising, 
since current theory predicts that highly energetic d-orbi
tals favour electron delivery. 
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This relatively high basicity of the phosphate anion prompted 

to carry out experiments in weak proton donor solvents like 

neat methanol under ultra-violet irradiation. A rapid conver

sion could be established, whereas the compound formed appea

red to be identical with 29. 

The enhanced basicity in the excited state can be understood 

using the Wheland a-complex as the intermediate in the photo

chemical conversion. This model description leads to For

ster's cycle 7
•

8
•

9
: 

E* = E + h(vAH+ -vA) loc loc 

* in which E1 and E1 are the localization energies of the oc oc 
aromatic compound A in the excited and ground state respecti-

vely. The energies hvA and hvAH+ are the energy electron ex
citation values for the neutral and protonated compound. 

The localization energy involving the localization of two 

electrons on a carbon atom which can then form a a-bond with 

the proton (Wheland complex), is generally accepted as a mea

sure for basicity. 

Wheland a-complex 

Since the absorption maximum of the proton complex AH+ is 

usually shifted to a longer wave length-with respect to the 
aromatic molecule A it can be concluded that proton affinity 

in the excited state must be extremely high (calculations 
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showed an increase of more than 10 20 with respect to the 
ground state): 

A*---.------------~----

A 

E* 
loc 

hvAH+ 
--.---~-------- All+ 

Experiments of this type may be important in understanding 
the electrophilic behaviour of excited molecules, whose che
mical properties are strongly influenced by the character of 
the co-ordination. This is also shown in the chemical beliavi
our of cyclobutadiene transition metal complexes in proton a

cids under irradiation 10 > 11
• 

It is difficult to elucidate which a-complex is formed in the 
excited state. He 1 1 wink e 1 12

•
13 observed that in the 

ground state reaction, starting from optical active phosphate 
anions in diluted hydrochloric acid, the spiro phosphorane 29 
showed no optical activity. The most stable spiro phosphorane 
is without any doubt 30, with R in an equatorial position. 

R .. ,, ~ 
--~__j 

<J R=~ 
30 

This compound, however, must be chiral. On the other hand the 
a-chiral compound 31 is energetic, highly unfavourable since 
the CPC angle is 90° instead of 120°. In this context it 
seems reasonable to assume that in the formation of the spi

ro phosphorane a very rapid racemization occurs. 
H e 1 1 w i n k e 1 suggested that pseudorotation must be 
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operative in this type of spiro phosphoranes, which generates 
an a-chiral intermediate or transition state which asks for a 
relatively small activation energy. Upto now it is difficult 
to offer a precise statement for the acid cleavage of the 
phosphate anion. 

~D 
I 
R 

31 

If it is true, however, that fast pseudorotation leads to ra
cemization one might suggest that irradiation experiments with 
chiral phosphate anions in methanol at very low temperatures 
can probably solve the mechanism of the proton addition on 
the phosphate anion. 

* 
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CHAPTER 6 

Experimental 

6.1. Generation of phosphoranyllradicalsl and instrumental equipment 

The phosphoranyl radicals were generated by means of electro
chemical reduction of the corresponding phosphonium salts. 
The platina cathode was used in the bottom of the flat ESR 
sample cell and the platina anode was placed in the top of 
the cell. The electrolyses were carried out with a DC current 
of 10~A to 1 mA using a voltage of 0-400 V. Nearly all radicals 

were measured in a mixture of DMF/THF in a ratio 6f 1:1. 

Reduction of the phosphonium salts by means of sodium or po
tassium in diethyl ether or THF was not successful. This type 
of reduction resulted in a rupture of the salts leading to the 
biphenyl anion and other not determined radicals. 

The ESR instrumentation was the Varian E4 spectrometer with 
its low temperature auxiliary equipment. ESR conditions lead
ing to the highest resolution, that means low microwave power, 
low modulation amplitudes etc. were used. 

Since most compounds are air sensitive and unstable, all ESR 
experiments and most of the preparations were handled under 
an atmosphere of dry and oxygen free inert gas. 

6.2. Syntheses 

~Z,2'-Dibromobiphenyl 1 

To a stirred solution of 47.3 g (0.2 Mol} of 1,2-dibromoben
zene in 450 ml super dry tetrahydrofurane was added 75 ml of 
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a solution of 0.1 Mol n-butyllithium in hexane. The 1,2-di

bromobenzene solution was cooled to -78°, and the rate of ad

dition was such that the temperature was not allowed to rise 

more than S0
. The yellow green reaction mixture was allowed 

to warm up to S0 and then was hydrolysed with 100 ml of S% 

hydrochloric acid. The resulting layers were separated and 

the acqueous layer was extracted with four portions of 20 ml 

of ether. The ether washings were combined with the original 

organic layer and dried over anhydrous sodium sulphate, fil

tered off and concentrated by distillation. The residue was 

treated with ethanol and cooled to give 13 g of 2,2'-dibromo

biphenyl. mp 82-83°. 

~2,2'-Dibromo-S,S'-dimethoxybiphenyl 2 

20 g of Bromine was added dropwise to 8 g of 3,3'-dimethoxy

biphenyl in 80 ml of acetic acid and stirred for 2 hours. The 

precipitate was separated and the filtrate poured into water. 

Crystallization of the combined precipitates from ethanol re

sulted in 8 g of the product. mp 136°. 

~2,2'-Dibromo-S,S'-dimethylaminobiphenyl 

lS g of 2,2'-Dibromobiphenyl was added in portions to a stir

red mixture of lS ml concentrated nitric acid and 18 ml of 

concentrated sulphuric acid. The mixture was heated at 100° 

for 1 hour and then poured on ice. The washed, dried solid 

was stirred with 600 ml of ether for 10 min, collected and 

crystallized from ethanol, giving ll.S g of 2,2'-dibromo
S,S'-dinitrobiphenyl3. mp 223°. 

10 g of 2,2'-Dibromo-S,S'-dinitrobiphenyl was refluxed in 6S 

ml of concentrated hydrochloric acid and 3S ml of water. In 

portions, 20 g of tin was added and the mixture was refluxed 

for another 3 hours. After pouring on ice, the solution was 

treated with an excess of sodium hydroxide. The precipitate 

was dissolved in hydrochloric acid and again precipitated 

with sodium hydroxide. Yield 7.2 g (8S%). 
3.4 g of 2,2'-Dibromo-S,S'-diaminobiphenyl and 4.2 g of tri-
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methyl phosphate was gently heated to start the vigorous and 

exothermic reaction. When the latter subsided two layers were 

present. The mixture was refluxed for 2 hours. After cooling 
to 50° the solid sodium phosphate was filtered. The filtrate 
was crystallized from acetone/methanol. Yield 1.2 g (35%).mp 
154-156°. 
c16H18N2Br2 (398.2); calcd. C48.24 H4.52 N7.04; found C48.48 

H4.58 N6.95 

~2,2'-Dibromo-5,5'-difluorobiphenyl 

14.2 g of 2,2'-Dibromo-5,5'-diaminobiphenyl was stirred in 20 
ml of concentrated hydrochloric acid and 20 ml of water and 

cooled to 0°. A solution of 5.7 g of sodium nitrite in 12 ml 
of water was added dropwise. The mixture was stirred vigorous
ly. To this solution of the diazonium chloride a solution of 
13.5 g of sodium tetrafluoroborate in 26 ml of water was ad

ded slowly. The temperature was not raised above 10°, After 
collection of the diazonium tetrafluoroborate it was washed 

with ice-water, cold methanol and ether. The salt was air 
dried. Yield 60%. 
The diazonium compound was decomposed by heating and the di
fluoro compound was obtained by distilling the residue. Yield 

45%. mp 65-66°. 
c12H6F2Br2 (348.3); calcd. C41.37 Hl.72 Fl0.92 Br45.97; found 
C41.53 Hl.77 Fl0.79 Br46.13 

~2,2'-Dibromo-3,3',4,4',5,5' ,6,6'-octafluorobiphenyl 4 

0.025 Mol n-butyllithium (12 ml of 20% hexane solution) was 
added to 7.7 g of 1,2-dibromo-3,4,5,6-tetrafluorobenzene in 

100 ml of dry ether and cooled to -78°. Titanium tetrachlori
de (5.2 g) was added and the mixture was stirred for 17 hours, 
in which time the temperature was allowed to raise to room 
temperature. The ether was removed and the residue was subli
mated by vacuum at 80-95°, Yield 45%. mp 98-99°. 

~2,2'-Dilithiobiphenyl 
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15 g of 2,2'-Dibromobiphenyl was dissolved in dry ether and 

cooled to 0°. A solution of n-butyllithium in hexane (46.5 ml 
20% solution) was added dropwise, keeping the temperature at 
about 0°. After the addition was complete the reaction was 
stirred at room temperature for a period of 4 hours. By means 
of gaschromatography the conversion into the dilithio com
pound was determined to be 95%. 

~2,2'-Dilithio-substituted-biphenyls 5 

The 5,5'-disubstituted biphenyl compounds were converted into 
the dilithio compounds in a similar way as described for the 
2,2'-dilithiobiphenyl. The dilithio-octafluoro compound was 

prepared at -78°. The conversion for all these compounds was 
92-98%. 

~{Bis-(2,2'-biphenylene)phosphonium}{tris-(2,2'-biphenylene)-
phosphate} 

A solution of 4.67 g of phosphorus trichloride in 250 ml of 
dry ether was added very slowly at room temperature, to a so

lution of 14.1 g of dilithiobiphenyl in 250 ml of dry ether. 

The solution was stirred for a period of 16 hours. The yellow 
precipitate was collected and washed with dry ether and etha
nol. After crystallization from DMF/ethanol 7 g of the pro
duct was isolated. Yield 50%. Decomp. 255-256°, 

C60H40 P2 (822.3); calcd. C87.57 H4.90 P7.53; found C87.32 
H5.01 P7.36 

~Bis{2,2'-(5,5'-dimethoxy)biphenylene}phosphonium tetrafluo-
roborate 

This salt was prepared by stirring for 10 hours 2 mmol of2,2'
dilithio-5,5'-dimethoxybiphenyl and 1 mmol of triphenyl phos
phate in dry ether. After stirring, the mixture was poured 
into a slightly acidified saturated solution of sodium tetra
fluoroborate in water. After collecting the precipitate and 
crystallizing from DMF/ethanol, a pale yellow powder was ob

tained. Yield SO%. Decomp. >300°. 
c28H24o4PBF4 (542.3); calcd. C62.02 H4.46 P5.71; found C61.70 
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H4.63 P5.63 

~Bis{2,2'-(5,5'-dimethylamino)biphenylene}phosphonium tetra-
fluoroborate 

The 5,5'-dimethylamino substituted phosphonium salt was pre
pared in a similar way as the corresponding bis{2,2'-(5,5'-di
methoxy)biphenylene}phosphonium salt. After collecting the 
precipitate and washing with hot ethanol, a pale yellow pow
der was obtained. Yield 25%. Decomp. >300°. 

c32 H36N4PBF 4 (594.3); calcd. C64.66 H6.10 N9.43 P5.21; found 
C64.54 H5.88 N9.10 P5.02 

~Bis-(2,2'-biphenylene)hydrogenphosphorane 6 

1.83 g of Bis-(2,2'-biphenylene)phosphonium tetrafluoroborate 
was dissolved in 40 ml of absolute hot ethanol. The solution 
was cooled until crystallization began. A filtered solution 
of 0.21 g of sodium borohydride in 25 ml of absolute ethanol 
was added dropwise. After addition, the solution was cooled 
immediately to -30°. The precipitate was filtered and washed 
with 20 ml of ice-cold absolute ethanol. The precipitate was 
dried under nitrogen in vacuum. Yield 50%. 
c24H17P (336.4); calcd. C85.69 HS.lO P9.21; found C85.25 
H4.76 P9.22 

~2,2'-Biphenylenephenylphosphine 

10 g (32 mmol) of 2,2'-Dibromobiphenyl was dissolved in 70 ml 
of absolute diethyl ether. A solution of 30 ml of n-butylli
thium (20% hexane solution) was added dropwise at a, tempera
ture of 0°. After addition the mixture was stirred for 3 
hours. Within ten minutes 4.5 ml (32 mmol) of P,P'-dichloro
phenylphosphine in 40 ml of dry ether was added. The solution 
was refluxed for 1 hour and cooled. After filtration of li
thium chloride the filtrate was concentrated by distillation. 
The residue was crystallized from methanol. Yield 60%. mp 94°. 

~2,2'-Biphenylenediphenylphosphonium iodide 
2,2'-Biphenylenediphenylphosphonium iodide was obtained by 
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heating a mixture of 2 g of aluminium trichloride, 2 g of 
2,2'-biphenylenephenylphosphine and 1.2 g of bromobenzene for 

2 hours at 240° and 1 hour at 290°. The reaction mixture was 
poured into 80 ml of crushed ice and treated with active car
bon and filtered. 2 g of Potassium iodide was added to the 
filtrate. The precipitate was collected and crystallized from 

ethanol/water. Yield 22%. Decomp. 264°, 

c24H18PI (464.3); calcd. C62.08 H3.90 P6.67; found C62.34 
H3.87 P6.55 

~2,2'-Biphenylenephenylmethylphosphonium iodide 7 

0.6 g of 2,2'-Biphenylenephenylphosphine was dissolved in 10 
ml of chloroform and 10 ml of methyl iodide was added. The 

solution was refluxed for l hour and allowed to stand over
night in darkness. The phosphonium iodide was obtained by ad
ding ether to the solution. The precipitate was collected and 
crystallized from ethanol/ether. Yield 50%. mp-ZfHi-207°. 

~2,2'-Biphenylenedimethylphosphonium iodide 8 

6.5 g of 2,2'-Dibromobiphenyl was converted into 2,2'-dili
thiobiphenyl in the usual way. A solution of 2.5 g of P,P'
dichloromethylphosphine in 25 ml of absolute ether was added 

to the solution of 2,2'-dilithiobiphenyl after cooling to 

-70°. The mixture was stirred for 1 hour at -70° and then al
lowed to warm to room temperature. The lithium chloride was 
filtered and 20 ml of methyl iodide was added to the filtrate. 
After standing overnight, the precipitate was collected and 

crys~allized from methanol. Yi~ld 55%. mp 279-280°. 

~2,2'-Biphenylenephenylbenzylphosphonium chloride 
2,2'-Biphenylenephenylbenzylphosphonium chloride was obtained 
by refluxing 1 g of 2,2'-biphenylenephenylphosphine and l g 
of benzyl chloride in 5 ml of chloroform for 1 hour. After 
addition of ether the precipitate was collected and crystal
lized from ethanol/ether. Yield 35%. mp 294-296°. 
c25H20 PC1 (386.8); calcd. C77.12 H5.26 P8.01; found C76.79 
HS.4!IP7.89 
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~2,2'-Biphenylenephenyl-p-nitrophenylphosphonium iodide 
2,2'-Biphenylenephenyl-p-nitrophenylphosphonium iodide was 
synthesized by adding a solution of 4 g of biphenylenephenyl
phosphine in 60 ml of ethyl acetoacetate to a solution of p
nitrophenyl diazonium chloride at pH 8; the diazonium solu
tion was obtained by diazotization of 3.5 g of 1-amino-4-ni

trobenzene dissolved in 50 ml of hydrochloric acid (1:1) by 
means of 2 g of sodium nitrite in 10 ml of water. The reac
tion mixture was stirred for 4 hours at room temperature. The 

water layer was washed with ether. After addition of sodium 
iodide to the water layer the precipitate was collected and 
crystallized from ethanol. Yield 5%. mp 283°. 
c24 H17o2NPI (509.3); calcd. C56.59 H3.36 N2.74 Pl.96; found 
C56.47 H3.27 N2.63 Pl.80 

~Tetraphenylphosphonium bromide 9 

A filtered solution of phenylmagnesium bromide was added to 4 
g of triphenylphosphine. The total volume of the solution was 
75 ml. Dry oxygen was passed over the surface of the vigo
rously stirred solution for 2 hours, and a solid soon started 
to form. Then a solution of hydrobromic acid (95 ml of 45% 
hydrobromic acid and 20.5 ml of water) was added. The preci
pitate was collected. Yield 22%. mp 297-300°. 

~Lithium tris-(2,2'-biphenylene)phosphate 10 

2.5 g of 2,2'-Diiodobiphenyl was dissolved in 30 ml of abso
lute ether, and 6.2 ml of n-butyllithium (20% hexane solution) 
was added dropwise at 0°. The solution was stirred for 3 
hours. Then a solution of 2.84 g of bis-(2,2'-biphenylene)
phosphonium iodide in 25 ml of tetrahydrofurane was added. 
The precipitate was collected, washed with absolute ether and 
dried in high vacuum at 80°for 2 days. Yield SO%. Decomp. 
247-250°. 
LiC 36H24P. 4.5C4H80 (818.9); calcd. C79.19 H7.38 P3.78; 

found C78.80 H7.52 P4.01 
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~Bis-(2,2'-biphenylene)biphenylylenephosphorane 

0.3 g of Lithium tris (2,2'-biphenylene)phosphate.4.STHF was 
dissolved in 30 ml of pure and absolute methanol and irradia
ted with a Philips SP 500 ultra-violet light source for 2 

hours. The precipitate was collected and crystallized from 
ethanol/benzene. Yield 801. mp 246°. 
c36H25 P (488.5); calcd. C88.50 HS.l6 P6.34; found C88.30 
H5.27 P6.25 

~P-chloro-2,2'-biphenylenephosphine 

7.8 g of 2,2'-Dibromobiphenyl was converted into the dilithio

compound in the usual way. This solution was added dropwise 

to a solution of 3.85 g of phosphorus trichloride in 100 ml 
of absolute ether. The solution was stirred for 1 hour. The 

ether was removed by distillation and the residue was treated 

with absolute benzene. The lithium chloride was filtered, and 

the filtrate concentrated by distillation. Then absolute 

ether was added again, and the mixture was well stirred. The 

precipitate was filtered under dry nitrogen to avoid hydroly

sis. 
c12 H8PC1 (213.5); calcd. C65.90 H3.66; found C65.31 H4.01 

* 
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SUMMARY 

The investigations described in this thesis focus attention 
to the bonding of phosphorus in organo-phosphorus compounds, 
in which the phosphorus atom is four, five, and six co-ordina

ted. Studies concerning the different behaviour of phosphorus 
in these compounds are based on the syntheses of a number of 
new compounds which are used as precursors for free radicals 

leading to a more direct method of demonstrating the p -d 
1T 1T 

conjugation in the presence of aryl ligands. This research 

has been carried out on radicals such as the bis-(2,2'-biphe
nylene)phosphoranyl radical, in which the phosphorus atom is 

sp 3 hybridized, involving a tetrahedron like configuration. 
Even starting from a compound with a trigonal bipyramidal con

figuration, such as bis-(2,2'-biphenylene)hydrogenphosphorane, 
the coiresponding phosphoranyl radical -obtained after clea

vage of the equatorial hydrogen atom- has a tetrahedron like 

configuration. This result is an excellent demonstration for 

the mechanism of a change in hybridization in dependence of 

the nature of the ligands, which co-ordinate the phosphorus 
atom. An aryl ligand acts as an electron acceptor, which for

ces an intramolecular electron transfer, envisioned in a con

version of sp3d into sp 3 hybridization. Experiments carried 
out· at low·temperatures did not change the mechanism of this 

conversion. 

The observed Jahn-Teller effect -well known from ligand field 

theory of metal ions with orbital degeneracy- is a very inte 

resting physical aspect of these radicals. ESR measurements 

demonstrate a strong delocalization of the spin density in 

one half of the molecule. According to this mechanism deloca

lization of the spin density was also found after removing 
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the symmetry of the molecule. 

In this thesis a nice example of the chemical behaviour of 
ligand orientation is given. It appeared that the hydrogen 

atom in bis-(2,2'-biphenylene)hydrogenphosphorane reacts as 
proton or hydride donor in dependence of its orientation as 
ligand. The change of ligand permutation between an apical 

and an equatorial position leads to an essential change in 
chemical properties. 

Finally some photochemical conversions are studied in six co

ordinated organo-phosphorus compounds such as the tris-(2,2'
biphenylene)phosphate anion. The ortho position of the biphe

nylene ligand showed an enhanced basicity in the excited sta
te. 

* 
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SAMENVATTING 

Het in dit proefschrift beschreven onderzoek wil een bijdrage 
leveren aan het onderkennen van de aard van de binding van 
fosfor ingebouwd in organische molekulen. In de onderzochte 
verbindingen bevindt het fosforatoom zich in een vier-, vijf
en zesomringing. Het uiteenlopende gedrag van fosfor in dit 
type verbindingen is op verschillende manieren bestudeerd. De 
onderzoekingen zijn gebaseerd op de synthesen van een aantal 
nieuwe verbindingen, welke worden gebruikt als precursor voor 
de vorming van vrije radikalen. Hierbij wordt een meer direk

te bewijsmethode geleverd voor pn-dn konjugatie voor systemen 
met arylliganden. Het onderzoek is uitgevoerd aan radikalen 
zoals het bis-(2,2'-bifenyleen)fosforanylradikaal. In dit ra
dikaal is het fosforatoom sp 3 gehybridiseerd d.w.z. het be
vindt zich in een tetraedrische konfiguratie. Zelfs uitgaande 

van een verbinding met een trigonale bipyramidale struktuur, 
zoals in het bis-(2,2'-bifenyleen)waterstoffosforaan, werd na 
afsplitsing van het equatoriaal waterstofatoom een fosforanyl
radikaal verkregen met een tetraedrische geometrie. Dit re

sultaat toont zeer duidelijk aan dat de verandering in hybri
disatie afhankelijk is van de aard van de liganden die het 
fosforatoom omringen. Experimenten, uitgevoerd bij lage tem
peratuur, veranderden het mechanisme van dit verschijnsel 
niet. Het blijkt dat een arylligand zich als een elektronen

acceptor gedraagt, waarbij een intramolekulaire elektronen
overdracht wordt bevorderd. Dit leidt tot een overgang van 

een sp3d in een sp 3 hybridisatie. 

Het waargenomen Jahn-Teller effekt -bekend uit de ligandveld

theorie van metaalionen, waarvan de energieniveau's in de 

grondtoestand ontaard zijn- is een zeer belangrijk fysisch 
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verschijnsel dat deze radikalen vertonen. ESR rnetingen toon
den een sterke delokalisatie van de spindichtheid in een 

helft van het molekuul aan. Ook voor die molekulen waarin de
ze symmetrie werd opgeheven werd een delokalisatie van de 
spindichtheid gevonden. 

In dit proefschrift wordt tevens een interessant voorbeeld ge

geven,waaruit blijkt welke belangrijke rol de ruimtelijke 

orientatie van de liganden speelt. Het bleek dat het water
stofatoom in bis-(2,2'-bifenyleen)waterstoffosforaan kan rea
geren als proton of als hydride donor, afhankelijk van zijn 
orientatie als ligand. Hieruit blijkt dat permutatie tussen 

een apikale en equatoriale positie gepaard gaat met essen
tiele verschillen in chemische eigenschappen. 

Tenslotte werden enige fotochemische omzettingen in zesom
ringde fosforverbindingen bestudee~d, waarb bleek dat de 
basiciteit van de orthoplaats van het bifenyleensysteem van 

tris-(2,2'-bifenyleen)fosfaat in de aangeslagen toestand 
zeer sterk toeneemt. 

* 
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STELLINGEN 

1 
Daar Hogeveen geen rekening houdt met de sterke mate,waarmede 
in een twee-fasen systeem transportverschijnselen de snelheids
konstanten voor de H-D uitwisseling tussen 2-D,2-methylpropaan 
en sterke zuren beinvloeden, komt hij tot onjuiste konklusies 
ten aanzien van de uitwisselingsreaktie in de zuurfase. 

2 

H.HOGEVEEN en C.J. GAASBEEK, Rec. Trav. Chi:m., ~~ 319(1968) 
H.HOGEVEEN, C.J.GAASBEEK en A.F.BICKEL, Rec.Trav.Chim.,~,379(1969) 
P. van PELT en H.M.BUCK, Rec. Trav.Chim.,!!_?,IOS7(1973) 

De konklusie van Schulz, dat in het addukt van trimethylfosfi
ne en fosforpentafluoride een direkte fosfor-fosfor binding 
aanwezig is, lijkt aanvechtbaar. 

C. W. SCHUlZ en R. W. RUDOLPH, J.Am.Chem. Soc. ,!tl, !898(1971) 

3 
De veronderstelling van Hellwinkel, dat wederzijdse beinvloe
ding van kation en anion in het optisch aktieve ionenpaar bis
(2,2'-bifenyleen)fosfonium tris-(2,2'-bifenyleen)fosfaat bij 
de reaktie tussen dit komplex en dilithiumbifenyl zou kunnen 
leiden tot een asymmetrische induktie, is onjuist. 

D.HELLWINKEL en H.J.WILFINGER, Phosphorus,b87(!972) 

4 
De door een aantal auteurs beschreven tweewaardig positieve 
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A.E. vanderHOUT-LCDDER, J.W. deHAAN, L.J.M. vande VEN en 
H.M.BUCK, Rec. Trav.Chim. ,!!_?,1040(1973) 

De konklusie van Olah, dat een fenylsubstituent in een carbe
niumion de positieve lading beter delokaliseert dan een cyclo
propylsubstituent,wordt door de 13-C NMR metingen onvoldoende 
ondersteund. 

G.A.OLAH en P.W.WESTERMAN, J.Am.Chem.Soc.,~,7530(1973) 

6 
De door Bentrude gegeven alternatieve verklaring voor de de
lokalisatie van het ongepaarde elektron in het bis-(2,2'-bi
fenyleen)fosforanyl radikaal, met behoud van de trigonale 



bipyramidale struktuur van het radikaal, wordt niet door ESR 
experimenten ondersteund. 

7 

W.G.BENTRUDE, J,J,L.FU en P.E.ROGERS, J,Am.Chem.Soc.,!!§,3625(1973) 
R.ROTHUIS, J.J.H.M.FONTFREIDE en H.M,BUCK, Rec.Trav.Chim.,!!,?, 
1308(1973) 

De methode, welke Lamparter gebruikt teneinde met behulp van 
een experiment de intrinsieke diffusiecoefficienten in de vijf 
fasen van het systeem Pd-Ti te bepalen, is onjuist. 

8 
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