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Rings and Cages from Ph3PC and PCI or AsCI
Units
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Butenandtslr. 9, D-81377 Miinchen. Germany

Like the combination of PCI and AsCI with imino units leads to chlorophosphazanes and
chloroarsazanes (RNECl)2i3_4, their combination with ylidediyl units results in the oligomenc

d ( P I ^ C E C l ^ . which tend, however, more to ionic structures.

Keywords: 1,3-diphosphetanes; 1,3-diarsetanes; 1,3,5-triphosphinanes; 1,3,5-triarsinanes;
1,3,5,7-tetraphosphabarrelanes; 1,3,5,7-tetraarsabarrelanes

Amines and ylides are isoelectronic molecules. For their mutual con-
version a carbon atom and a group 15 atom (N, P) have to interchange
their positions. In the ylides this way one positive (nuclear) charge is
moved from the center to the substituent and away from the electron lone
pair. Ylides are consequently stronger bases than amines. In the same
sense ylides provide substituents (ylidyl substituents) analogous to amino
groups, however more effective as donors than those. This has been
proved for an number of examples [1-8].
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Finally an ylidediyl unit is isolobal to an imino group and may in
combination with other divalent units likewise serve as a versatile
building block of rings.

The reaction of primary amines with phosphorus or arsenic trichloride
has been studied for more than hundred years and yields chloro-
phosphazanes and chloroarsazanes (RNECI)n, n = 2, 3, 4, that (as far as
their structures are known) are monocyclic non-ionic compounds with
alternating RN and PCI or AsCl units [9].

The corresponding reactions of triphenylphosphonium bis(trimethyl-
silyl)ylide with PCI} [10] and AsClj [11] yield the compounds
(PhjPCECl),, in which ylidediyl units take the place of imino groups.
They are analogous in composition and molecular size to the cyclo-
phosphazanes/arsazanes. They show, however, a stronger and with n
increasing tendency to ionize; as a consequence they also partly deviate
in structure.

Me3Sr SiMe3

ECI,
-Me3SiCI

c~

Cl I'.*,
For n = 2 four-membered rings (1,3-diphosphetanes [12] and -diar-
setanes) are found with the two chlorine subsituents at the same side of
the ring. In case of E = P long distances c/PCl = 220 and 225 pm are
observed [10], and if one chlorine atom is replaced by an electron
donating substituent, the other PCI bond dissociates [13].
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Cl

PPhj
As

cr ci

The compounds readily take up HCI. In the arsenic compound the HCI
in fact adds to one of the AsC bonds: While the AsCl bond at the not
directly involved arsenic ring member is already long, </AsCI = 234 pm,
the concerned As atom approaclies vj/-tbp coordination with even longer
and rather different axial AsCl bonds, JAsCA = 241 and 278 pm [11],

Ph3P'

I c r

With n = 3 the compounds form six-membered rings (1,3,5-tri-
phosphinane [13] and -triarsinane rings). In solution the covalent
molecules are in equilibrium with the ionic form. For the arsenic com-
pound in the crystal the ionic form is found with AsCU" as the anion. The
AsCl bonds left in the cation point to opposite sides of the ring and are
once more rather long , t/AsCI = 235 pm. The arsenic atom that has lost
the chloride, compensates this loss of electrons by increasing the bond
order to the neighboring carbon ring members. These bonds are short,

= 184 pm, as compared to 192 pm of the adjacent AsC bonds in the
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ring and to 196 pm for single bonds in general, and they are similar to
those in arsabenzene, t/AsC = 185 pm.

The compounds with n = 4 are ionic in solution and in solid state. They
do not form the expected eight-membered ring, but a cage of alternating
units (1,3,5,7-tetraphosphabarreIane [14] and -tetraarsabarrelane). While
in case of n = 3 the dissociation of an PCl/AsCI bond is accompanied by
the formation of PC/AsC rc-bonds, in case of n = 4 an additional PC/AsC
o-bond is formed, giving rise to a bicyclic structure. The PCI and AsCl
bonds left in the cations, </PCl = 235 pm and dAsCl = 249 pm, are by far
the longest ones observed so far for a three-coordinate, pyramidal
phosphorus or arsenic atom.

Cl—i-E
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The tetraphosphabarrelane cation is readily chlorinated at its bridgehead
phosphorus atom. The resulting dication is not stable in solution,
however. It rearranges by converting the bicyclo[2.2.2]octane to the
bicyclo[3.3.0]octane structure, in which a PC bond has been lost and a PP
bond has been formed. This structure presents the initially expected
tetrachloro-l,3,5,7-tetraphosphocane ring with - as consequence of the
2e-oxidation - an additional transanular PP bond.

The discussed EC1 bond lengths may be compared to those in the
trichlorides, PCI3: 204 pm, AsClj: 216 pm. Their elongation observed in
all the compounds (Ph3PCECl)n is explained by negative hyper-
conjugation, i.e. by charge transfer from the ylide pz orbital to the a*
orbital of the EC1 bond. In particular the bonds are always longer than
those found in chlorocyclophosphazanes/arsazanes, e.g. (rBuNECI)2,
iiPC\ = 211 pm and c/AsCI = 225 pm.
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