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POLYPHOSPHORUS COMPOUNDS: RECENT PREPARATIVE AND STRUCTURAL
INVESTIGATIONS

MARIANNE BAUDLER
Institut fiir Anorganische Chemie der Universitit K&ln,
GreinstraBe 6, D-5000 Kéln 41, FRG

Abstract Several new types of alkalipolyphosphides (metalated
phosphorus hydrides), three-membered phosphorus ring compounds,
and polycyclic organophosphanes have been synthesized and
structurally characterized by means of 31p R spectroscopy.

POLYPHOSPHIDES WITH ISOLATED ANIONS

The reaction of P2H4 with n-BulLi or LiPH2 af forded the polyphos-

phide Li3P7.1 As has recently been found by 3lP NMR spectroscopic
monitoring, several lithium hydrogenpolyphosphides, such as

L1H8P7, L1H4P7, L1H5P8, L12H2P14, L1H2P7, L12HP7, and a compound

LixHsz not yet identified, are formed as intermediates. Most of
these compounds could be obtained pure at low temperature.2

3,4
2Py
as in the nucleophilic cleavage of white phosphorus with LiPH2 or
I 4,5 I 6 I 7 I 8
h 2Prer  MaPyr M Pyqe and MgPyg
are formed. Their Pn anions are conjuncto-phosphanes built up by

In the decomposition of Li at room temperature as well

sodium the polyphosphides M

Pg— end groups and P7- or P5_ middle groups.

The reaction of white phosphorus with sodium in boiling digly-

4CH, and NaP3CH2,

whereas with lithium dihydrogenphosphide in tetrahydrofuran LiP5 is

formed beside other polyphosphides.9 The pentaphosphacyclopenta-

me afforded small amounts of the compounds NaPS, NaP

dienide anion, the tetraphosphacyclopentadienide ion, and the tri-
phosphacyclobutenide ion are rings with unsubstituted P atoms of

coordination number two that are stabilized by mesomerism.
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‘o ‘\‘ [Na(diglyme),]* 6B31P) = +470,2 (sharp singlet)
N P ILTHR)

ba = +3621,6p = +355)

Eg:-__—_\P\B. JAB = JA'B" -484,0 Hz
( © ) iglyme),]* = -5054 H
&%~)%a, [Na(diglyme), Iagy 4 Hz

1% Ian = 533 Hz
H JAB' = JAQB = =36 Hz
,ﬁ“\ 5, = 22720
Pg" © 'R, [Na(diglyme),]® by = +2629
CH Jag = ~4847 Hz
2

THREE-MEMBERED PHOSPHORUS RING COMPOUNDS

In recent years numerous three-membered phosphorus heterocycles
could be prepared.3 Following the synthesis of diphosphiranes and
methylenediphosphiranes3 it has been found that diphosphiraneimines
are also stable enough for existence and isolation. The decisive
factor for their stabilization is an aryl substituent with one
bulky group in o-position to the nitrogen beside tert-butyl groups

on the phosphorus atoms.

f—Bu l'-Bu

“p—0p”

K(F-Bu)P-P(t-Bu)K + RN=CCly ————> \ /
-2KCl
N

R

R=24~1-BuyCeHy 6(31p) = -130,3, 4172} (26°C)
J(PP) = -38,1Hz

R= 2-1-BuCgH, 6(3'P) = -1299, -1708 (25°C)

Y(PP) = -38,3Hz

Starting from functionalized cyclotriphosphanes of the type
(PR) PX X = SnMea, Cl) the first 1, 1'-b1cyc10tr1phosphane
(t- BuP) P P(t~ BuP)2 has been synthesued Of the two possible
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configurational isomers, which differ from each other in the rela-
tive arrangement of the trans-oriented tert-butyl groups at the two
three~-membered rings, the sterically more favorable all-trans iso-
mer (C2 symmetry) is present as an enantiomeric pair. Thermolysis
of this compound (128°C) leads not only to disproportionation, but
also to isomerization resulting in 2,3,4,6-tetra-tert-butylbicyclo-

[3.1.0. Jhexaphosphane that has already been described earlier.'!

POLYCYCLIC ORGANOPHOSPHANES

The proved syntheses of polycyclic organophosphanes by dehalogenat-

ing RPCl, with magnesium in the presence of PCl, or of white phos-

2 3
phorus3 produce the higher members of the series P R and P R

n n-2 n n-4
with n > 10 only in very low yields. Therefore, a new approach in-
volving the thermolytic dimerization of smaller bicyclic compounds
has been developed. Thus, heating of the tert-butyl substituted
bicyclo[3.1.0]hexaphosphane resulted in good yields of the dodeca-
phosphane (t—Bu)SPB-P4(t-Bu)3 which is formed as a mixture of two

constitutional isomers.

2 Pg(t-Bu), ———2——> Pyp(F-Bulg

e &

As has been shown in our previous work, the nonaphosphanes
P9R3 have a P9 skeleton analogous to the hydrocarbon deltacyclane
and are formed as mixtures of two configurational isomers which
differ in their spatial arrangements of the substituent on PS.
Recently we have found12 that when crystallizing Pg(t-Bu)3 exclu-
sively the isomer of higher frequency precipitates, which on heat-
ing in solution is retransformed into the isomeric mixture., The

. . .. . . 5
dominating process therein is the change of configuration at P7;
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. . . . 8
besides a quasi synchronous inversionm occurs at P and P9 and pos-

sibly also at P5,P8,P9 as is evident from the 2-D 31P MMR exchange
Et

spectrum. The same inversion processes also take place in P

9°"3

even though at a lower rate.

Polycyclic organophosphanes are generally susceptible to at-
tack by atmospheric oxygen - especially in solution. As could be
demonstrated by the preparation and structural characterization of
the monoxides P6(t-Bu)40 and P7(t—Bu)50,13 the oxygen reacts ini-

tially with exocyclic addition to the intact polycyclophosphane.
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