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Abstract—The groups containing trivalent phosphorous belong to the second-kind substituents although
they possess a lone electron pair. B-Orientation of piperidine addition to vinyl-P"-compounds, ionization
constants of phosphorus-substituted benzoic acids or phenols as well as protophylic hydrogen exchange
reaction in tertiary phosphines are all indicative of this fact. We determined the o-Hammett- and o~-
constants and calculated o,- and oz-constants for Ph,P-, Ph,P(O), Ph,P(S} and Ph,N-groups. The
results show either no or minor p-n-conjugation effect and the presence of acceptor conjugation. The lone
electron pair of trivalent phosphorus displays a weaker p-n-conjugation than those of other third period
elements. The reason for this may possibly be an increased s-character on a lone pair of phosphorus
electrons, which agrees with the values of valence angles in P™-compounds.

INTRODUCTION

By ANALOGY with nitrogen and other elements having a lone pair of electrons, and
taking into account the location of phosphorus in the periodic system, the groups
containing trivalent phosphorus are usually considered to be ortho—para-orientating
substituents,! i.e. they are assumed to exhibit n-donor effect, which should be maximal
among the elemnts of the third period.

RZP > RS > Cl

Only a minor drop in n-donor effect compared with that for nitrogen is to be
expected, and the difference should be similar to that between oxygen and sulphur.

The present paper gives the experimental results of this problem.

Addition orientation of piperidine to vinyl-P™ compounds. When nucleophilic
reagents add to vinyl compounds of pentavalent phosphorus, B-orientation occurs
irrespective of the type of group attached to phosphorus.>

Unexpectedly, the same type of orientation also occurs for vinyl-P® compounds
although their reactivity is significantly lower than that for PV-compounds.®-3 The
addition of piperidine occurs, for example, only after prolonged heating of the react-
ants at 140-160°.

>PCH = CH, + C;H,(NH - >PCH,CH,NC H,,.

Qualitatively, vinyl-P™ compounds of the type X—CH==CH , form the following
series according to their reactivity towards piperidine.

BuO Bu Bu Ph JEuN
Buo P> P2>P— > B P> py Et2N> P—

(the listed substituents are X).
The most active are vinylphosphonites and vinylphenylphosphinites which react
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with piperidine without catalysts. Piperidine hydrochloride accelerates the reaction
but does not change the orientation. The substitution of both BuO groups for Ph
groups diminishes the activity of the double bond so that with or without an acid
catalyst the addition was not observed.* In the case of more the electropositive Bu,P
group, the addition with piperidine hydrochloride still occurs, probably due to the
formation of dibutylvinylphosphine hydrochloride. The addition was not observed
for tetraethyldiamidovinyl phosphonite with an acid catalyst, however, diethylamine
showing weaker reactivity was used as the amine. Therefore, trivalent phosphorus
orientates the addition in the same manner as silicon having no lone pair of electrons
which show B-orientation.®” Later Peterson® observed B-orientation for butyl
lithium acting on vinyl phosphines. B-Addition under the action of butyl lithium
which is a strong nucleophile was observed also for phenylvinylsulphide.®

TABLE 1. THE CONSTANTS FOR THE STUDIED SUBSTITUTED BENZOIC ACIDS

R

M.P. °C Published data Neutralization equivalent
R (solvent) M.P, °C Measured Calculated
p-Ph,P 156-157 156,13 156-158,'4 3050
(gl. AcOH) 156-158,'% 156-1571¢ 3056 3063
m-Ph,P 159-160-5 157,13 157-1604 304-6
(aqueous alcohol) 305-4
p-Ph,N 201-5-202-5 202-203!7 288-3
(gl. AcOH) 289-3 2893
m-Ph,N 187-188 186!7 2877
(gl. AcOH) 289-0
p-Ph,P(O) 268-269-5 270-271,14 273-274!$ 3208
{aqueous dioxan) 270-272,'¢ 263-265'* 321;5 3223
m-Ph,P(O) 232-232-5 232,13 230-23214 3218
(alcohol) 234-236% 3220
p-Ph,P(S) 177-178:5 181-182,'3 180-1821¢ 3378
(EtOAc-hexane) 153-15513 3376 3384
m-Ph,P(S) 171-172 3373
(EtOAc-hexane) 338:6

When considering the B-orienting effect of P™-containing groups one should re-
member that their total electron effect may be a sum of three effects—induction,
p-n- and p,—d,-conjugation. The inductive effect of phosphorus seems to be close to
zero since the electronegativity of hydrogen and phosphorus are equal according to
Pauling (2,1). The inductive effect of a phosphorus-containing group depends, in
general, on the substituents bonded to phosphorus: for (BuO),P and Ph,P groups
weak—1 effects may be supposed, for Bu,P group—a weak + I-effect.

* The addition product could be obtained in the presence of catalytical amounts of sodium. (Results
obtained by I. G. Malachova).
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B-Orientation of non-catalytical addition suggests either the absence or negligibility
of the n-donor effect for trivalent phosphorus. Its electron-accepting influence upon
the polarization of the double bond in the starting molecule, or stabilization of transi-
tion state by trivalent phosphorus are probably caused by p,—d,-conjugation and by
inductive effect. The acid-catalysed B-addition may occur due to the formation of
corresponding phosphonium salt on account of acid-base equilibrium between amine
hydrochloride and vinyl-P™ compound.

These results show that only a small, if any, p-n-conjugation is present in trivalent
phosphorus compounds. This conclusion agrees with data on the intensity of valent
C=C-vibrationsin the Raman spectra of vinyl and allyl P™ compounds.'® Theincrease
in integral intensity of the double bond line, which is the indication of p-n-conjuga-
tion, was not observed in the spectra. This increase is clearly defined for nitrogen and
sulphur vinyl compounds while it was not observed for vinyl silanes. As to the spectral
properties of the double bond, vinyl-P™ compounds are not very different from
alkenes-I. The chemical as well as spectral properties of vinyl-P™ compounds show
that they resemble vinyl compounds of silicon rather than those of nitrogen or
sulphur.

Ionization constants for phosphorus-substituted benzoic acids. In order to study
quantitatively the electron effects of phosphorus-containing groups, we investigated
their influence upon the strength of corresponding substituted benzoic acids. We
synthesized some meta- or para-phosphorus-containing benzoic acids' ! 12 according
to the scheme:

(1) Ph MgBr
C1,PC4H,CN - 8- Ph,PCH,COOH
%
l
Ph,PC,H,CH, —%——szPC(,H‘COOH
S

I
Ph,PC,H,COOH R ,PC,H,COOH
meta- and para-Diphenylamino benzoic acids were also obtained for comparison.

IC(H,COOCH, %thcﬁmcoon

The constants of the synthesized compounds are listed in Table 1.

The apparent ionization constants for these acids in aqueous alcohols 1:1 and 1:4
(v/v) were determined by potentiometric titration with a glass electrode (Table 2). In
these solvents the ionization constants necessary for the calculation of pK, and
p-parameters in the Hammett equation were determined for several substituted
benzoic acids (Table 3). The correlation equations (Table 3) were derived using the
constants ¢ given by McDaniel and Brown.??

The correlation equations were used to calculate s-Hammett constants for Ph,P,
Ph,N, Ph,P(O) and Ph,P(S) groups (Table 2). The o-values obtained from the
ionization constants in aqueous alcohols 1:1 and 1:4 agree very closely. Using the
ionization constants for meta- and para-isomers in aqueous 1:1 alcohol we have
obtained rough o,- and gx-values by the Taft-Lewis and Roberts-Jaffe procedure.24

The positive o-constants indicate the acceptor nature of phosphorus-containing
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groups. The inductive effect of Ph,P groups is weak (a; = 0-05) which agrees with
phosphorus electronegativity. The groups containing pentavalent phosphorus show
larger inductive constants. The Ph,N group exhibited greater inductive effect than
Ph,P group, which is consistent with the electronegativity difference between
nitrogen and phosphorus (3-0 and 2-1, respectively, according to Pauling). The
resonance effects for phosphorus-containing groups, especially for the Ph,P group,
are of great interest. The latter, unlike the Ph,N group appeared to be in n-electron-
acceptor group despite the presence of a lone pair of electrons. Ph,N group is a n-donor
substituent aithough its mesomeric effect is siightly weaker compared to that of
Alk,N groups. The resonance effects of the substituents with pentavalent phosphorus
are positive and far exceed in value that of the Ph,P group.

These results were later confirmed by other authors. The data on the o-Hammett
constants available for several phosphorus-containing substituents (mostly for para-
substituents) are given in Table 4. No chemical data on meta-substituents with
trivalent phosphorus are presently available. Data obtained by Schiemenz?*: 26 for
para-phosphorus containing group* are nearly the same as ours. For the p-Ph,P(O)

TABLE 4. 6-HAMMETT CONSTANTS FOR THE PHOSPHORUS-CONTAINING SUBSTITUENTS

Substituent o

p-Ph,P 019°; 0192%; —~001'S; 0337, 0-527
m-Ph,P o011

p-Ph,P(O) 0:53“; 050%%; 0-553'%; 044'¢; 06527; 007
m-Ph,P(O) 0:38°; 0422'%; 0-434'%; (48528

p-Ph,P(S) 047¢; 04926, 028'S; 065%7; 045%7
m-Ph,P(S) 0-29°

¢ Our data for aqueous alcohol (1:1).

group Monagle, et al.,'® also give a value close to these constants. Somewhat different
o-values were obtained by Baldwine, et al.,'® from the ionization constants for phos-
phorus-substituted benzoic or aryl phosphinic acids in aqueous tetrahydrofuran.
They are lower in value for all phosphorus-containing groups, probably, because of
the solvent. Positive but higher o ,-values for the Ph,P group were obtained from the
reactivity data of p-diphenylphosphinostyrene in its copolimerization with styrene
and methyl metacrylate.?” s-constants for m-Ph,P(O) were obtained by Monagle,
et al.,® and also by Bott, et al.2® These values differ insignificantly from qur data.
Alk,P groups are of considerable interest. Presently only the o,-value for the
Et,P group (0-03) determined by Stepanov, et al.,?° from the basicity of tetraethyl-
paraphenylenediphosphine is available. This value differs significantly from the
o,-value for the Me,N group (— 0-83). A number of o-Hammett constants for
phosphorus-containing substituents were obtained using the spectral methods
(IR spectra,2® 3° NMR-C!3 spectra®' and NMR-F!° spectra3? %), In general,
these data agree with the results obtained by chemical methods. Rakshys et al.33 34

* The improved values of the constants by Schiemenz are true.2®
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and Johnson and Jones*® calculated o; and o x-constants for phosphorus-containing
groups using NMR-F!? spectra for meta- and para-phosphorus-substituted fluoro-

benzenes. It follows from these results, that the inductive effect dominates in the

total electron effect of the substituents (for example 6; = 0-17 and 65 = — 0-01 for
Ph,P group). Therefore, there is a certain amount of discrepancy between the chemical
data and NMR-F!? results.

Ionization constants for phosphorus-substituted phenols. Since the electron-acceptor
properties of substituents in the benzene ring are most prominent in the electron-
donating reaction centre, we determined the ionization constants for several para-
phosphorus-substituted phenols and calculated the nucleophilic ¢~ -constants for
the corresponding substituents.36

TABLE 5. M.Ps OF PHOSPHORUS-SUBSTITUTED PHENOLS p-RC H ,OH

Substituent MP.,° M.P., °C
R °C (Published data)
Ph,P 114-115 113-114%
(benzene—petr.ether) 105-106%8
Ph,P(O) 250-251 (MeOH) 243-244%7
244-246%
241-5-242-5'%
Ph,P(S) 176:5-177-5 —
(benzene)
Ph,McP* 182-5-183-5 —
J- (i-PrOH)

“ Corrected values.

p-Diphenylphosphinophenol was obtained by the method of Senear et al37 Its
derivatives were synthesized3¢ according to the following scheme (the constants are
given in Table 5)

H.0, CH,l

0 S
]

I
Ph,P OH Ph,P Ph,P OH

The ionization constants for phosphorus-containing phenols in aqueous alcohols
(1:1 v/v) are listed in Table 6. The ionization constants for a number of para- or
meta-substituted phenols with known ¢~ - and o-constants were determined in the
same solvent (Table 7). On the basis of these data we derived the correlation equation
which was used for the calculation of ¢ ~-constants for phosphorus-containing groups



TABLE 6. [ONIZATION CONSTANTS (pK,) FOR p-SUBSTITUTED PHENOLS p-RC H OH IN AQUEOUS ALCOHOL (1:1 v/v, 25°) AND THE CORRESPONDING G~ - AND 0-CONSTANTS
FOR THE SUBSTITUENTS R

NN R pK, o~ o ° "o [
Published data
1. Ph,P 10-46 0-26 0-322%.26 019 007 0-16
Ph,P(O) 9-38 0-68 0-882%:26; 0680’8 0-53 015 0-35
084528
3. Ph,P(S) | 9-49 0-63 0732326 0-47 016 0-44
4. Ph,CH;P 7-82 1-28 1-0923-26 — — —

° Published data'®: pK, = 9-48.

TABLE 7. IONIZATION CONSTANTS (pK,) FOR SUBSTITUTED PHENOLS RC,H,OH IN AQUEOUS (1:1 v/v, 25°) AND THE CORRESPONDING ¢~ (OR g) CONSTANTS FOR THE SUB-

STITUENTS R
R p-CH,; p-CH,0O H p-Br pl  p-COOMe m-NO, Ac p-NO, Equations
pK, 11-46 1141 1121 10-47 10-42 9-49 9-25 908 787 lgK, = —11-12 + 2:569-¢~ £ 0-07
g =432 +0383 -1g K, + 004
pK, 11-60%° 11-50%° 11-16%° 10-57*° — — 92540 906%° 7-893° r 0998
(published data) 11-72'8 11478 10-60'8 — — 93518 79518
¢ (oro) —015%  —013% 0 0-25%° 02764  0-64° 07123 0-84%7 1:24%°

¢ g~ -value for p-COQE13® was used.

0£9s
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(Table 7). These 6~ -constants are listed in Table 6; in the same Table we gave for
comparison the corresponding o-constants, 6 ~o- and oz-values together with
¢~ -constants obtained by Schiemenz from half-neutralization potentials for phos-
phorus-substituted dimethyl anilines.2%: 26 Our data differ slightly from the results
obtained by Schiemenz and also from those by Bott, et al.,2® who studied alkaline
decomposition kinetics for phosphorus-substituted trimethylbenzylsilanes. The
difference is probably due to the difference in the reaction series. For one of the reac-
tion series our results for the Ph,P(O) group coincide with the value reported by
Monagle, et al.'®

It appears that the o~ -constants for phosphorus-containing substituents are
positive and are higher than the corresponding o-constants, and this indicates the
effect of direct polar conjugation with the reaction centre. In the case of Ph,P group,
the difference 6~ -¢ for phenols is 0-07 and for substituted dimethylanilines it is 0-13
according to the data by Schiemenz. Therefore, the electron-acceptor effect of direct
polar conjugation of trivalent phosphorus with the electron-donating reaction centre
although weak is clearly revealed.

Protophilic deuteroexchange of certain deuterated arylphosphines. We have studied*
protophilic hydrogen exchange kinetics for several deuterated arylphosphines.*2~44
The electron-acceptor effect of the Ph,P group is evident from the rates of exchange
in deuterated Me groups of diphenyl-m- or p-tolyphosphines. The exchange in the
para-Me group appeared to proceed 25 times as fast as that in the meta-Me group
(t.-BuOH-diglime, t.-BuOK, 120°). These data indicate the conjugation in a transition
state arising during the exchange and probably possessing the carbanion structure.

Ph Ph_ _
\ - \
— — -— P= = CH
Ph" @ Hs P @ :

The Ph,N group as opposed to the Ph,P group decreases*? the exchange rate in
the para-Me group compared with that in the meta-position which agrees with its
+ M- and — I-effects. The partial rate factors for the exchange at ortho-, meta- or
para-positions of triphenylphosphine and triphenylamine also revealed the essential
differences between nitrogen and phosphorus electron effects.

p-n-Conjugation and hybridization of a lone pair of electrons. The above arguments
support the conclusion that the Ph,P and other groups containing trivalent phos-
phorus must be regarded as second-kind substituents. As mentioned, the electron-
acceptor properties of trivalent phosphorus may be accounted for by p,-d,-conjuga-
tion and either the absence or negligibility of oppositely directed p-n-interaction.

The first effect was repeatedly discussed in the literature*® and applied to explain
the properties of P™-compounds. In particular, the experimental support for the
d-orbital resonance is provided by the ease of metallation of methyl*® or benzyl
groups*” bonded to trivalent phosphorus and also by high isotope exchange rates
in P-Me groups compared with those in N-Me groups. Not only intra- but also some
intermolecular interactions seem to be caused by the vacant d-orbitals. For example,
triphenylphosphine in contrast with triphenylamine forms the complex compound

* Together with E. Yakovleva and A. Shatenshtein.
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with hexamethylbenzene*® and exchanges a phenyl radical for a tolyl radical under
the action of p-tolyllithium*® forming probably an intermediate compound
[Ph,PC,H,CH,—p] Li*. However, the d-orbital conjugation effect alone cannot
completely account for the meta-orienting effect of trivalent phosphorus since
p.—d.-conjugation takes place also with sulphur and chlorine which are, nevertheless,
ortho—para—orientating.

The absent or negligibly weak effect of p-m-conjugation which we stipulated in
discussing the reasons for B-orientation of piperidine addition to vinyl-P™ compounds
has been confirmed by various chemical methods. Our data also provides a means of
estimating the p-n-conjugation strength. The difference in oz-values for Ph,P and
Ph,P(O) groups on the one hand from the increase in p,—d,-conjugation on account
of positive charge at the tetracoordinated phosphorus atom and the contracted
d-orbitals, and, on the other hand, from the absence of p-n-conjugation which may
possibly be present in the case of trivalent phosphorus. We could not evaluate the
contributions made by each of these effects, but the total contribution, i.e. the differ-
ence between ogg-values for these groups is as small as 0-12, which indicates the
p-n-conjugation effect to be probably zero. This is confirmed by physical data, e.g.
NMR-F!? study of phosphorus-substituted fluorobenzenes reported by Taft and
Rakshys3? shows that phosphorus has the weakest n-donor effect of all the period
III elements. The opposite signs of dipole moments for aromatic phosphines or
amines are also indicative of the weak tendency of phosphorus to p-n-conjugations:
in the first case the negative pole of a dipole is phosphorus, in the second—the phenyl
centre.’® Therefore, the qualitative order of mesomeric effects of the third period
elements should be as follows:

RS ~ Cl » R,P

Perhaps this rearrangement is due to the weaker overlap of 3p-2p-orbitals as com-
pared with that of 2p-2p-orbitals. This must then be valid for all the elements of the
period III. But phosphorus shows a sharp fall of p-r-conjugation as compared with
sulphur and chlorine, which cannot be accounted for on this basis alone.

To account for the “‘abnormal” properties of a lone pair of electrons in phosphorus,
two of the authors together with Bochvar!!3! proposed that the weak tendency of
trivalent phosphorus to p-w-conjugation is caused by the hybridization of the orbital
of a lone electron pair. A lone pair of electrons is known to involve a certain amount
of p-character when forming a n-bond; the electrons in the s-state are incapable of
conjugation since the overlap integral between s- and p,-orbitals is zero.>? Therefore,
p-n-conjugation becomes stronger the greater the amount of p-state involved in the
hybridization of a lone pair electrons.

The relation between hybridization and participation of the lone pairs in conjuga-
tion should definitely be revealed by the elements of group V possessing in the triva-
lent state a single lone pair of electrons which may be an unhybridized s-pair in some
cases.

In order to estimate approximately the hybridization of a lone pair, one may
apply the relationship between the hybridization of atomic orbitals and the valence
angles at a heteroatom in a molecule.’? We have to assume that o-bonds are formed
only by s-p-hybrid orbits and that they are not bending bonds. The contribution
of d-orbitals to the formation of s-bonds is generally thought to be small and neg-
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ligible.* d-Orbitals are, however, responsible for n-bonding of substituents to phos-

phorus. Such an approach is used in a number of investigations of P™ and PV com-
pounds.33-6!
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F1G. 1 p-Character on a lone pair of electrons as a function of the valence angle.

Fig. 1. gives the p-character of an orbital occupied by a lone pair of phosphorus
electrons or by that or another element E as a function of the valence angle X-E-X
in a pyramidal molecule EX,.

The analytical expression for this function was obtained®! by applying the ortho-
gonality condition to the hybrid atomic orbitals:

P = 3cosg 0%,
cos -1

This relationship accounts for the weak tendency of the lone pair of phosphorus
electrons to p-n-conjugation. Indeed, the space geometry of phosphorus compounds
of the type PX,%% (X = Hal, Ak, Ar, OAIK) gives the valence X-P-X angle to be
about 100°.%%- 66 This angle remains constant in various cyclic compounds (for
instance, in cyclopolyphosphines, phosphorus anhydride). In phosphine and tri-
cyanophosphine the valence angles are nearly 90°, in primary and secondary phos-
phines they gradually increase approaching 100°. The angles at the P atoni vary little
even in the case of substituents able to conjugate with a lone pair of electrons. Thus
C-P-C-angles are very close for triphenyl- and trimethyl phosphine. The same is
true of tricyano- and trisilylphosphines®’ whose valence angles are close to those for
phosphine.

The valence angles in analogous nitrogen compounds are generally larger and are
nearly tetrahedral in ammonia and alkylamines.®®-?7 The substituents capable of

* Some authors believe that d-orbitals participate in the formation of hybrid o-bonds.62~%4.
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p-n-conjugation produce sharp changes in nitrogen valence angles as opposed to
phosphorus. For example, phenyl, nitro-or-carbonyl groups increase the valence
angle by approximately 10 degrees making it almost 120° in some cases.

Using the diagram, Fig. 1, one can estimate the hybridization character for the
lone pair in these compounds. Generally the amount of p-character of a lone pair
of electrons is 40-50°%/ which corresponds to the valence angle 100 + 1°. This amount
is further lowered for secondary and especially for primary phosphines. The phos-
phine lone pair is an almost unhybridized s-pair. Lone pairs of tricyan- and trisilyl-
phosphines have also an almost complete s-character.

Lone pairs of nitrogen compounds with similar structure involve a higher degree
of p-character (70%, and more) becoming almost pure p-pairs when substituents
capable of p-n-conjugating are involved. It then clarifies the origin of the different
electron influence of diphenylphosphino and diphenylamino groups upon the benzoic
acids ionization constants and isotope exchange rate for the corresponding tolyl
substituted derivatives. A still sharper difference in hybridization (10-20%, of p-charac-
ter against 90%;) is observed for cyano and silicon substituents bonded to phosphorus
or nitrogen. In these compounds phosphorus lone pairs seem to be incapable of
p-m-conjugation.

The phosphorus pyramidal configuration is fairly stable as indicated by the high
activation energy for the racemization of optically active phosphines (about 30
kcal/mole for (+)-methylpropylphenyl phosphine’®). The increase in amount of
p-character of a lone pair and hence the change in valence angles requires energy
which is not compensated by p-rn-conjugation energy because the latter even in most
favourable cases (conjugation of amino group with the phenyl ring) does not exceed
10 kcal/mole” being considerably lower for the phosphino group. It now becomes
clear why phosphorus valence angles do not increase even if substituents capable of
conjugating with a lone pair of electrons are involved. The above relationship
between the phosphines optical activity and a weak tendency of phosphorus lone pair
to p-m-conjugation is evidently typical not only of phosphorus. The absence of
p-m-conjugation (or its negligibility) should be expected for those types of compounds
whose asymmetrical molecules can exist in optically active form in spite of the central
asymmetric atom possessing a lone pair of electrons. This criterion may be applied
to the study of p-n-conjugation when the data on molecular geometry are not available.
From this viewpoint the weak tendency to p-mn-comjugation due to the enhanced
s-character of a lone pair of electrons must be expected for the compounds of arsenic,
antimony, bismuth, for sulphonium salts or sulphoxides. The diminished tendency
to conjugation was observed also for certain amines with ‘“‘abnormal” valence
angles.*

Based on an idea of low p-contribution of the lone pair of phosphorus electrons
one may possibly explain a number of peculiar properties of P™ compounds.

For instance, the lack of aromatic properties shown by phosphols®? may possibly
be due to the enhanced s-character on the lone pair of phosphorus electrons.’! A
similar explanation was suggested by Schindlbauer®® on the basis of UV spectral
analysis and the data on dipole moments for isomeric tri(tolyl)phosphines. The
hybridization of a lone pair of an element, of course, exerts a strong influence upon its

* Several examples of this kind are reported.®%-8*
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basicity, nucleophilicity, dipole moments and spectral parameters of the compounds.
This has been discussed by many authors.?%- 84-87 A number of peculiar chemical
and physical properties observed for acyl phosphides®®~°° may probably also be
accounted for by the enhanced s-character on the lone pair of electrons.

Finally, our results on the orientating effect of trivalent phosphorus and the results
obtained by other authors are inconsistent with the conclusions recently published
by the SCF method.®! These calculations require that phenylphosphine, diphenyl-
phosphine and triphenylphosphine form the following series according to the electron
density distribution in the ring: ortho > para > meta. Therefore the calculations
require trivalent phosphorus not to be different from the ortho—para-orientating groups
if the effect on the electron density distribution in the benzene ring is considered.
However, this is inconsistent with the existing chemical data.
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