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summary 

The nature and efficiency of transmission of electronic effects of substituents 
through the bridging phosphorus atom in systems of the Ar,PC,H,F-4 type have 
been investigated by “F NMR. Correlation of the obtained data on the fluorine 
chemical shifts in triarylphosphines with those in the corresponding triaryl- 
methanes and tetraarylsikmes indicated that the bridging phosphorus atom 
shows a higher transmitting ability than carbon and silicon. On the basis of the 
data on two-parameter correlation of the fluorine chemical shifts with the 
inductive (or) and resonance (a,) parameters of the substituents in the aromatic 
rings for systems with bridged phosphorus, carbon, silicon, tin, nitrogen, and 
bismuth atoms it has been established that phosphorus occupies an intermediate 
position between nitrogen and bismuth as regards the nature of transmission 
of electronic effects, i.e. interactions through the P-C,, bonds occur both by 
an inductive and, to some extent, a resonance mechanism. 

The distinguishing feature of the electron structure of the elements of Group 
VB in the trivalent state is the presence of a lone electron pair in their valency 
shells which can, in principle, undergo resonance interactions with adjacent 
n-electron systems and impart to these atoms properties of increased electron 
transmittance. Judging by the available data, in the case of diary1 and triaryl 
derivatives of Group VB elements this property is indeed manifested by nitro- 
gen, an element of the second Period [1,2], and is entirely absent in the case 
of antimony and bismuth, “heavy” elements of Periods IV and V [2,3], which 
behave similarly to the carbon atom [1,2]. 

Therefore it seemed of great interest to investigate the nature of transmission 
of electronic effects of substituents through the bridging trivalent phosphorus 
atom in the triarylphosphine system, for which purpose it was proposed to apply 
“F NMR, as before [1,3]. 
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For this purpose me synthesized a number of model compounds of the type 
Ar,PC,H,F-4 (where _Ar = 4(CH,),NC,H,, 4CH,C,H,, 3-CH3C,Hd, C,H,, 
4-F&HA, 3-FCsHI, 4-CICAHA, 3-Cl&Ha, 3.4-CI,CaH3, 3,4,5-Cl&H,) and deter- 
mined the fluorine chemical shifts in these relative to internal fluorobenzene in 
0.2 M solutions in CHC13 (Tabie I)_ 

Consideration of the da+a obtained shows that the fluorine chemical shifts 
in the dieryl-p-fluorophenylphosphines investigated substantially depend on the 
nature of the substituents in the aromatic rings. The range of variation of the 
chemical shifts in going from acceptor.substituents to donor ones is 5.6 ppm.[ 

To establish the nature of transmission of electronic effects through the bridg- 
ing fluorine atom we correlated the fluorine chemical shifts with the polar con- 
stants of the substituents in the aromatic rings, which characterize the electronic 
effect of a.mono- and polysubstituted atomatic E&G-~ in the presence (o [4]) 
OT in the absence (a” 151) of resonance interactions of the substituent in the 
aromatic ri_ng 6ith the indicator centre (Table 2). 

F’rom the data of Table 2 it follows that in passing +om the constants IZoo to 
Eo the quality of the correlation dependences obtained improves slightly, but 
the difference detected is not so pronounced as in the case of diaryl-p-fluoro- 
$henylmethSnes, for which the fluorine chemical shifts yield appreciably better 
correlation with the constants &I” than with the constants Zo, or.ln the case of 
diar$l-p-fluorophenylamines, for which the situation is reversed 121. Therefore 
k this case it cannot be asserted with confidence that the constants IT reflect 
best the electronic effects of the substituents on the fluorine-chemical shifts in 
the indicetor fluorophenyl grouping and, hence, the transmission of electronic 
effects through the phosphorus bonds - aromatic carbon occurs both by an 
inductive and a resonance mechanism-_ 

To verify this hypothesis we compared with the aid of the statistical criterion 
of the equality of two values [ 6],- the transmitting abilities of the bridging phos- 
phorus, carbon, end silicon atoms in diary&p-fluorophenylphosphines end the 
previously-investigated diaryl-p-fluorophenylmethanes [2] and-in triaryl-jAluoro- 
&enylsilanes- [-‘73 (Table 2)_ -In comparing the values of p characterizing the 
ease of transmissions of electronic effects in organophosphorus and organosilicon 
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systems vkt(iok,into~ consideration that the .bridgi$ silicon atom, -as disting- 
uis&d ffoin phosphorus, transmits the effect of three+ &d not tk, varied .. 
substituents.~T@efo~e, if the &&tivity pi%i&ple is valid and &o if the. trans- 
mitting abilities of. the phosphorus and silicon atoms had- been..equal, the value 
of-t& coefficient p for the-former should have been Z/3 of the silicon coeffi- 
cient,namely -2.45~-~ O-16, The substantially higbervalue of-the slope@ = 

-3.35 f O-28)-of the correlation line actually obtained, seems to indicate that 
the phosphorus atom posse&es a higher efficiency with respect to transmission 
of electrome effedtsof the substituents than the silicon atom. This is also sup- 
ported by the larger-than-unity value of the coefficient p = 1.35_* 0.14 (due 
allowance being made for the correction of’1.5 introduced according to the 
additivity principle) for the correlation dependence, which establishes the 
relationship between the fluorine chemical shifts in triarylphosphines and 
tetraarylsilanes. 

In addition, on the basis of the tabulated quantitative data.(Table 2) it can 
be asserted with 95% confidence that the bridging phosphorus atom (p(-P-) = 
-3.35 t- 0.28) exceeds the methine group (P(-CH-) = -2.68 t 0.35) as well 
in ita transmitting ability. 

S-kce transmission of the electronic effects through the aliphatic carbon-aro- 
matic carbon bonds occurs mainly by an inductive mechanism [Z,S], the better 
transmission properties of phosphorus as compared with the methine group 
may be attributed to the contribution of the resonance interactions to the 
overall mechanism of transmission of electronic effects through the bridging 
phosphorus atom. The possibility of partial transmission of electronic effects 
in the triarylmethane series by direct interaction between the electron systems 
of the aromatic rings [9] and the absence of such interaction in compounds of 
the triphenylphosphine type [IO] must result in a still greater difference of the 
true transmitting abilities of the aliphatic carbonaromatic carbon and phos- 
phorusaromatk carbon bonds. 

Proceeding from the fact that phosphorus and silicon atoms are the closest 
neighbours in the Period III and possess identical vacant 3d-orbitals, which (as 
shown for tetraarylsilanes 171) do not take any substantial part in transmission 
of electronic effects, it may be assumed that in the case of the bridging phos- 
phorus atom the lone pair takes some part in resonance interactions. 

At the same time, in discussing the possible causes for the increased trans- 
mitting~ability of phosphorus as compared with silicon and carbon one must 
take into account the fact that the polarizability of the electron shell of phos- 
phorus is slightly higher, as witnessed by the atomic refraction data [ ll]. Thus 
it is impossible to give preference exclusively either to the contribution of the 
resonance interactions, or to the increased polarizability of the electron shell, 
which explain the behaviour of the bridging phosphorus atom, on the basis of 
the data of one-parameter correlation treatment. 

Therefore we applied the method of two-parameter correlation of fluorine 
chemical shifts with the inductive and resonance parameters of the substituents 
in the aromatic rings jl2] for the systems with bridging atoms of phosphorus, 
carbon,-silicon, tin [13], nitrogen, and bismuth (Table 3). ln applying this 
method we found an interesting regularity in the values of A, which characterize 
the relative contribution of the resonance component to the overall transmission 
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of electronic effects through the element--aromatic carbon bonds. 
Thus, for all the bridging atoms (C, Si, Sn, Bi) through which (as was established 

previously) the electronic effects are transmitted mainly by an inductive mecha- 
nism, the value of X remains practically unchanged and is equal to 0.56-0.58. 
The value of h found exceeds unity (h = 1.06) for the bridging nitrogen atom, 
in the case of which the resonance interactions due to conjugation of the lone 
pair with the aromatic rings are of great importance for the transmission of the 
electronic effects_ Finally, for phosphorus the value of X is approximately equal 
to the arithmetical mean of the two indicated values (h = 0.89). 

Form the above data it can be assumed that as to the character of transmis- 
sion of electronic effects the bridging phosphorus atom in triarylphosphines 
occupies an intermediate position between nitrogen, on the one hand;.and 
bismuth, on the other, and interactions through the phosphorus-aromatic carbon 
bonds proceed both by an inductive and,-to some extent, by a resonance mech- 
anism. It is probably due to this that phosphorus shows an increased transmis- 
sive ability as compared with the nontransition elements of Periods III and 
higher of Groups IVB and VB_ 

In conclusion it should be noted that in order to improve the statistical vali- 
dity of our conclusions it would undoubtedly be of interest to investigate the 
transmission of the electronic effects in systems of the triarylboron type and in 
aryl derivatives of germanium, arsenic, and lead. 

Experimental 

19F NMR spectra were taken on an R-20 Hitachi-Perkin-Elmer spectrometer 
(56.4 MHz) at 34°C. All measurements were made for dilute solutions at a con- 
centration not exceeding 0.2 M_ The fluorine chemical shifts were determined 
with the use of the substitution method [ 141. The experimental error in determ- 
ining the fluorine chemical shift did not exceed +O_l ppm. The solvent was chloro- 
form, which was purified by the standard procedure and distilled over phosphorus 
pentoxide. 

Tris(p-fluorophenyl)phosphine was obtained by reacting p-fluorophenylmag- 
nesiumbromide with phosphorus trichloride [ 151. Unsymmetric diaryl-p-fluoro- 
phenylphosphine and, in particular, the diphenyl- and bis(m-fluorophenyl)-p- 
fluorophenylphosphine described in the literature [ 161, were obtained by the 
reaction of the corresponding arylmagnesiumbromides or aryllithium with 
p-fluorophenyldichlorophosphine, synthesized from phosphorus trichloride 
and fluorobenzene in the presence of AlCl, [ 171. 

The purity of the compounds investigated and the intermediate products was 
controlled with the aid of fluorine NMR, mass spectroscopy, and thin-layer 
chromatography on aluminium oxide. 

Below we give typical examples of syntheses of diaryl-p-fluorophenylphos- 
phines. The analytical data and the physical characteristics of the compounds 
obtained are given in Table 4. 

Bis(p-dimethyIaminophenyI)-p-fluorophenylphosphine 

A solution of 1.97 g (0.01 mol) p-fluorophenyldichlorophosphine in 20 ml 
abs. ether was added in an atmosphere of dry argon, on cooling, to a solution 
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of pYdjmethyla+nophenyllithium in 50 ml abs. ether obtained from 0.45 g 
(0.064 g-at) Li-and_ 6.4-g (0.032 mol) p-bromodimethylaniline. After stirring 
for 40 min at room temperature the reactionmixture was decomposed with a 
saturatid aqueous solution of NH&l. The ether layer was separated and extract- 
ed with an excess of dilute HCI (1 : 1). The hydrochloric acid extract was 
neutrahzei with concentrated NH40H and repeatedly extracted with chloro- 
form, and the organic layer was separated and dried with Na,SO,. On removal 
of the solvent a green oil was obtained which crystallized on treatment. with 
MeOH. Upon crystallization 1.1 g of a white powderlike substance with m-p. 
136-38°C (MeOH) was isolated. 

Bis(p-folyl)-p-fluorophenyiphosphine 
A solution of 1.97 g (0.01 mol) p-fluorophenyldichlorophosphine in 20 ml 

abs. ether was added in an argon atmosphere to a solution of p-tolylmagnesium- 
bromide in 50 ml abs. ether obtained from 5.13 g (0.03 mol) p-bromotoluene 
and 0.72 g (0.03 mol) magnesium and cooled to -5O“C. The temperature of the 
reaction mixture was gradually brought up to room temperature, and stirring 
was continued for 1 h. After boiling for 2 h the reaction mass was decomposed 
with a saturated aqueous solution of NH&l, the ether layer was separated and 
dried with Na2S04, the ether was removed, and the residue was distilled in vacua 
in an atmosphere of dry argon. 0.95 g light yellow oii with a b-p. of 217-27”C/ 
2 mmHg was obtained, which crystallized after chromatographing in a thick 
layer of A1103 (eluent, petroleum ether : ethylacetate = 50.1, _R, = 0.6). Bis(p- 
tolyl)-p-fluorophenylphosphine was isolated as white crystals with a m-p_ of 
67-9”C (MeOH). 

Bis( 3,4,5-trichlorophenyl)-p-fluorophenylphosphine, bis(m-chlorophenyl)- 
p-fluorophenylphosphine, and bis( 3,4-dichlorophenyl)-p-fluorophenylphosphine 
were obtained in a similar way. 

Bis(m-tolyl)-p-fiuorophenylphosphosphine 
A solution of 4.9 g (0.031 mo:) m-bromoSoluene in 20 ml abs. ether was added 

in an atmosphere of dry argon to a suspension of 0.43 g (0.062 g-at) Li in 30 ml 
abs. ether. After stirring for 40 min the unreacted lithium was filtered and a 
solution of 1.97 g (0.01 mol) p-fiuorophenyldichlorophosphine in 20 ml abs. 
ether was added to the filtrate cooled to 0°C. After boiling for 2 h the reaction 
mixture was decomposed with a saturated aqueous solution of NH,Cl, and the 
ether layer was dri,ed with Na2S04. Upon removal of the solvent and distilla- 
tion in vacua in an atmosphere of dry argon at 220-3O”C/X mmHg 2.4 g of 
bis(m-tolyl)-p-fluorophenylphosphine was obtained, which after chromatograph- 
ing on A1203 (eluent, petroluem ether: ethylacetate = 50 : 1; R, = 0.7), appeared 
as a light yellow transparant oil. 

Bis(p-chlorophenyl)-p-fluorophenylphosphine 
A solution of 5.75 g (0.03 mol) p-chlorobromobenzene in 20 ml abs. ether 

was added gradually in an argon atmosphere to a solution of butyllithium in 
50 ml abs. ether obtained from 3.9 g (0.042 mol) butyl chloride and 0.7 g (0.1 
g-at) Li and cooled to -5O-70°C. After stirring for 1 h at the same temperature 
a solution of 1.97 g (0.01 mol) p-fluorophenyldichlorophosphine in 20 ml abs. 
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