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NOVEL CHAIN AND RING POLYPHOSPHORUS COMPOUNDS

MARIANNE BAUDLER
Institut flr Anorganische Chemie der Universitit
Kdln, GreinstraBle 6, D-5000 K&ln 41, FRG

Abstract Compounds with a skeleton of phosphorus
chains or rings have been rare until recently, as
they are in general highly reactive. Nevertheless,
considerable progress has been achieved in this
field lately, especially regarding three-membered
phosphorus ring compounds, metalated phosphorus
hydrides and polycyclic organophosphanes.

THREE-MEMBERED PHOSPHORUS RING COMPOUNDS

In recent years, numerous triorganocyclotriphosphanes
have become accesgible as pure substances on various
synthetic routes. However, the reaction behaviour of
these compounds has only scarcely been studied.
We have found that triorganocyclotriphosphanes,

(RP) (R = i-Pr, t-Bu), react with metal carbonyl-te=
trahydrofuran complexes, M(CO) _THF (M = Cx, W), yield=
ing the novel mononuclear and glnuclear cyclotriphos=

phane-carbonylmetal complexes (RP) (CO) (R = i-Pr,
t-Bu; M = Cr, W) and (i-PxP) r (CO) ?spectlvely
Their structures have been efuc1datea gy P-NMR spec=

troscopy and X-ray structure analysis. The P, ring
functions as a 2- or a 4-electron donor, respectively,
and iE also behaves as a m-acceptor comparable to
PhBP.

The first spirocyclic phosphorus three-membered
ring compound (t—BuP)ZSi(t—BuP) has been synthesized
by cyclocondensation of K(t-Bu)g—P(t—Bu)K with silicon
tetrachloride. The crystalline compound is formed as a
mixture of two isomers, which can be isclated separa=
tely and which differ from each other in the relative
arrangement of the trans-oriepted tert-butyl groups at

the two three-membered rings. By heating

(t-BuP) _Si(t-BubP) for one hour at about 14OOC, a dime=
rization occurs yIelding the new silaphosphane

(t-BuP) _Si,.. In this dispirocyclic compound a three-,

a four- ang a five—me%bered ring are linked by two ad=
jacent silicon atoms.

57



10: 04 30 January 2011

Downl oaded At:

58 M. BAUDLER

R R
g pP—-P
RR PR — PR
2 I Ng| msomssec, RF \l. l/
/ |\ ——— I / | — |\
RP PR RP\p PR
R

R=¢{-Bu

The synthesis of the spirocyclic compound
(t-BuP) ,C(t=-BuP) has also been achieved. As an inter=
mediate in the reaction of K(t=-Bu)P-P(t-Bu)K with CCl4,
the diphosphirane (t-BuP) ,CCl, has been identified.
Like (t-BuP)2Si(t—BuP)2 t%e carbon spirocycle is also
formed as a mixture of two steric isomers, of which the
more stable one could be isclated as colorless cryss=
tals. According to the results of X-ray structure ana=
lygis, the endocyclic bond angles are 72 on carbon and
54" on phosphorus.

METALATED PHOSPHORUS HYDRIDES

The reaction of P H4 with n-Buli or LiPH ields the
polyphosphide Li g as the final product. Before this
compound precipitates, a red-orange o©il appears which
consists essentially of Li HP_. Other intermediates of
the reaction are the highly réactive monolithiated
phosphanes LiHBP ' LiH4P , and LiH P_, which uld be
identified and s%ructuraily characterized by P-NMR
spectroscopy. For instance, LiH P_ is the monolithium
salt of cyclopentaphosphane, P_H_. Dilithium hydrogen
heptaphosphide is alsoc formed in“various reactions and

9PH, 9 P H,
4 2 n-BuLi
+2Li P
- 11 PH, 2BuH /] PH33 7
+ HX
—tEX_ P
LiHPy —Tp . PH Li,HP, TLIiX a7
oty PHy
¥ 2 LiPH, +2LigP,
_2PH
3
P7}'13 p7H3

can be isolated_in the pure state. Like dihydrobulls=
valene, the P_H " {ion is capable of a degenefate Cope
rearrangement between two valence tautomers.

At room temperature Li HP, decomposes with the
formation of dilithium hexadecaphosphide, which has
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been characterized by its P-NMR spectrum. This poly=
phosphide is also abtained by the reaction of white
phosphorus with LiPH2 (1.92:1) in boiling tetrahydro=
furan.

Li_P_ reacts with methylbromide (1:2) to give
LiMe P7, which can be converted by acetylacetone into
dimeghyl—heptaphosphane(3), P_Me _H. With
Cl(t-Bu)P-P(t-Bu)Cl a cyclocondensation takes place
yielding Li(t-Bu) ,P_, which subsequently gives

29

P9(t—Bu)2H.

POLYCYCLIC ORGANOPHOSPHANES

The structures of organo-substituted polyphosphorus
compounds with condensed ring systems constitute the
decisive key to understanding the complex structures

of the polycyclic hydrides Pan_2 (n 2 4, m = 1-7),
which because of their low solublTities and poor crys=
tallizability have not yet proved amenable to NMR or
X-ray investigation. The breakthrough in the production
of polycyclic organophosphanes on a preparative scale
came with the discovery of ?igected and generally ap=
plicable synthetic methods. '’

A series of novel organophosphanes with 9 or more
than 9 P atoms has been §Ynthesized and structurally
characterized either by P-NMR spectroscopy or by X-
ray structure analysis. Of particular interest are the
triorgano-nonaphosphanes, P_R,, because of their marked
thermal stability and tendency towards formation. Ac=
cording to the spectroscopic findings, these compounds
possess a P_-skeletop analogous to that og Bhe hydro=
carbon deltacyclane. OQur results to date ' are summa=
rized in Table I. Of particular interest are the find=
ings in the series P_R_, where besides the phosphorus
skeleton with a structure analogous to noradamantane,
an additional constitutional isomer of lower relative
frequency could be detected, whose structure is analo=
gous to the hydrocarbon brexane. The compounds P, R
so far prepared do not possess a skeleton analogous to
adamantane but exhibit a P O—framework, which is built
up by a norbornane unit ané a five-membered ring linked
by a common zero bridge. The polycyclic organophospha=
nes of'tbe formula P R4, PllRS' P1%R4{ and P13RE show
very similar properties because of their extremely
close structural relationships. All the compounds are
formally derived from a central P_ - and P_-group, re=
spectively, by one or two additional two-atom bridges,
giving new five-membered rings and therewith structures
of relatively high thermodynamic stability.
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TABLE I New polycyclic organophosphanes
FRmi
n
R PaRs | PioRs | PioRs | PnRs | PiaRs | RaRs
a b
ve | A @S
o QRA (S
i-Pr @ P EONISE & 5@3&
8 EENISSSNES PSS
a: lsomer mit noradamantan-analogem Gerist
b: Isomer mit brexan-analogem Gerist
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