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PHOSPHORUS COMPOUNDS IN LOWER COORDINATION STATES.
ELECTRICAL PROPERTIES AND FEATURES OF STRUCTURE

E.A.ISHMAEVA, I.I.PATSANOVSKY, V.D.ROMANENKO*,

and L.N.MARKOVSKY*

Kazan State University, Lenin Str. 18, Kazan 420008,
USSR

*Institute of Organic Chemistry of the Ukrainian Acad-
emy of Sciences, Murmanskaya Str. 5, Kiev 252094, USSR
Abstract PI and PII-derivatives have been investi-
gated by electrical and electrooptical methods for the
determination of the main parameters of multiple phos-
phorus bonds, polarity and polarizability, and on
their basis spatial and electronic structure of these
compounds has been studied. Experimental data on po-
larity and polar}zabi}igy of phosphaalkynes PsCR,
phosphaalkenes R P=CR“R”, p?osphazenes, diphosphenes,
arsa- and stibaphosphenes R PsER”“ (E = N, P, As, Sb)
have been obtained. Polarities of PaC, P=C and P=E
bonds have been determined. Multiple PsC and P=N bonds
have considerable anisotropy of polarizability.

I II

The progress obtained in the synthesis of P~ and P com-
pounds contributes to the fact that in modern physicochemi-
cal investigations it is the study of the structural fea-
tures and properties of these compounds, as well as learn-
ing the nature of the phosphorus multiple bonds, that are
stressed. Our work is devoted to the research into pl and
PII derivatives by means of dipole moments and the Kerr

effect.
I. Phosphaalkynes, one-coordinated phosphorus compounds

3,3-Dimethyl-1-phosphabutyne (CH3)3C-CaP (I) and 1-adaman-
thylphosphaethyne Ad-CsP (II), have been studied by methods
of dipole moments and the Kerr effect.

Analysis of experimental dipole moments (I) 1.24D, (II)
1.58D and literary data on polarity defined by microwave
spectroscopy for PI derivatives R-CsP R=H, CH3, F, v,
H2C=CH, HC=C, results in the conclusion that the P=C triple
bond is weakly polar, whereas the slight changing interval
of this value (O.7iO.2D towards the carbon atom) indicates
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its weak sensitivity to variation of the substituent R at
Csp—atom. We can only note a s;ight tendency of increasing
m(P=C) within these limits with the growth of - I-effect of
1’2. The determination of experimental molar
Kerr constants t-Bu-CaP (104+10" 12 e.s.u.) and Ad-CsP
(110:10"12 e.s.u.) has enabled to find molecular aniso-
tropies of polarizability (y): 5.30 (I) and 3.80 (II) a3, 3
The calculated parameters of P=C bond polarizability are:

Y (PsC) = 5.31 &%, b, = 8.21 a3, Thus, the anisotropy of

the molecule t-BuCsP (I) is determined mainly by the aniso-

substituent R

tropy of the PsC triple bond. The comparasion of P=C and
N=C triple bonds (phosphaalkenes, nitriles) in the aspect
of our research testifies that alongside with available
analogs there are considerable differences expressed in the
inverse polarity of these bonds [m(CaN) ~ 2D] and in the
greater polarizability of the PaC bond. This, in its turn,
is reflected in a different chemical behaviour of phospha-
alkynes and nitriles in reactions of electrophilic and
nucleophilic addition and complex formation.5

II. Polarity, polarizability and conjugative effects in
dicoordinated phosphorus compounds.

Polarity of P=C double bond has been determined from the
literary data on dipole moments of simplest phosphaalkenes
and Aa-phosphabenzenes H2C=PH, F2C=PH, CSHSP' p—MeCsH4P.
The bond is almost nonpolar in phosphaalkenes (0.02D) and
slightly polar in phosphabenzenes (0.5D). Thus, when the
multiplicity of the carbon-phosphorus bond increases and
the hybridization of both atoms from sp3 to sp changes
simultaneously, its polarity, which on the whole remains
rather low, decreases and reaches the conversion of the
moment to the Csp atom in PI compounds: m(C—P)6~ 0.7 >

> m(C--P) ~ 0.5 > m(C=P) ~ O > m(CuP) ~ -0.7D.

The combined analysis of dipole moments of phosphazenes
(ITII-VI) and diphosphene (VII): (Me3Si)2N-P=N—Bu-t (I1I1),
(Me3Si)2N-P=N—SiMe3 (IvV), 2,4,6-t-Bu,C_H,-P=N-Bu-t (V),

37672
2,4,6-t~Bu,C.H,-P=N-SiMe, (VI), 2,4,6—t-Bu3C6H2P=PN(SiMe3)2

37672 3
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(VI) has permitted to determine the moments m(R-PII) and
m(P=N). The values of m(P=As) and m(P=Sb) have been found
in the dipole moments of the compounds (VIII-X) 2,4,6-t~
Bu3C6H2P=EN(SiMe2Bu-t)2, E=pP (VIII), As (IX), Sb (X). Ana-
lysis of the dipole moments of the molecules (III-X) (their
polarity is not high: 1.7-2.7D) testifies to the local-
ization of the P=E double bond in these systems, and the
m(P=E) value decreases regularly in the row E = N, P, As,
Sb, whereas the conversion of polarity is observed: m(P=N)=
= 2.2%0.2, m(P=P)=0, m(As=P)=0.9%0.2, m(Sb=pP)=2.4%0.2.’
Many PII compounds contain substituents able to conjugate.
However, detection and study of np_, and PPy conjugation
with the P=E bond in these molecules encounter difficul-
ties. Evidently conjugative effects are expressed in
bis(dialkylamino)methylenephosphines (AlkzN)2 C=PR, R=H,
Ph, Me3Si (their polarity increases to 3.5-4.0D), and
especially in diphosphabutadiene (MezN)2C=P—P=C (SiMe3)2
(5.0D) . The conjugation of the nitrogen lone pair with the
C=P double bond is revealed by dipole moment exaltation

(Ay ~ 2.5-3.0D and 5D for diphosphadiene) that corresponds
to the electron transfer from AlkZN—groups ~ 0.2 5.8 n,p,-
Conjugation is realized to such an extent in the recently
studied trans-phosphaalkenes AlkzN-C(R)=P(Ph), R=H, Me.

The inverse polarization of the C=P bond in C-aminomethyle-
nephosphines (CcS+ Pé_), and bis(trimethylsylil)methylene-
phosphines (Me,S1),C=PR %~ p%*), R = t-Bu, Ph, (Me,S1)

N (4 ~1.0-1.5D), C1, Br, I (u ~ 2.5D) is the result of
differences in the character of electronic interaction in
these compounds.

Conjugation in iminophosphines R N—P=N—PBu2—t and

2
R N—P=N-P(S)Bu2-t, R,N: (Me3Si)2N, c-2,2,6,6—Me4C5H6N is

2 2
not detected.
The discovered exaltation of dipole moments in diphosphenes
1—Pr2NP=PC6H2Bu3-2,4,6—t and c~2,2,6,6-Me4C5H6NP=PC6HzBu3—
~-t-2,4,6 (Au ~ 0.9D) may be interpreted as a result of
n,p"—conjugation Rzﬁlpf?—. However, this effect contributes

but little to the stabilization of diphosphenes in compari-
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son with that in C-alkylaminomethylenephosphines.
The study of some phosphazenes RP=NBu-t, R: (Me3Si)2N,

15 _ e 1,
2,4,6—t—Bu3C6H2 and R P = NCGHZBu3 t-2,4,6, R : (Me3Si)2N,

c—2,2,6,6-Me4C5H6N by the Kerr effect has enabled us to
state the value of the P=N bond anisotropy of polarizabil-
ity (3.5-4.0 A3), to detect cis-configuration

MezNP=NC6H2Bu3—t-2,4,6 in solution (as well as in crystal),

and the orthogonal orientation of Ar-groups in these mole-
cules.

Thus, for the first time polarities and polarizabilities of

I

multiple phosphorus bonds in P~ and PII compounds have been

determined and regularities of their change have been
analyzed. Conjugative effects, as well as steric factors,
have been shown to be of importance in the stabilization
of the PII compounds.
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