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Abstract - The syntheses and the structural, spectroscopic, and chemical
properties of phosphirenes, phosphirene-transition metal complexes, and
silirenes are discussed and compared. Close analogies are noted in the

synthetic schemes and physico-chemical properties of the two types of
three-membered rings.

INTRODUCTION

Currently, the chemistry of the unsaturated three-membered heterocycles XC,R, can be consi-
dered as one of the most exciting area of heterocyclic chemistry. The intefest in these
species is derived from three main reasons : firstly, these cycles can serve to build a
series of 2T -aromatic and 4T-antiaromatic structures ; secondly, the properties of their
intracyclic X-C bonds are very peculiar (T -character, so-called "banana" shapes) ; thirdly,
through ring-opening and ring-expansion, these cycles are ideal starting points for the syn-
thesis of a wide range of other species. With the first-row heteroatoms, the search for these
rings has met with a limited success except in the case of boron. The nitrogen and oxygen
derivatives appear to be highly unstable. With the second-row heteroatoms, the search was
more successful, especially in the cases of silicon and phosphorus. The corresponding sili-
renes and phosphirenes are the subject of this report.

SYNTHESIS

One of the basic schemes for the synthesis of silirenes involves, at least formally, the
reaction of a silylene with a C=C triple bond. What is left open is the choice of the sily-
lene precursor. Some examples are given in eq. 1-3.
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It is striking to note that the only known access to phosphirenes involves the similar reac-
tions of electrea-deficient phosphorus species with alkynes. Once again, the choice of the
precursors is left open (eq. 4-6)
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In the first case, the phosphenium ion is, in fact,strictly isoelectronic with a silylene.
In the two other cases, the transient terminal phosphinidene complex may be compared to an
organometallic silylene (see ref. 10) since the phosphorus atom bears a strong positive
charge (ref. 11). An even more striking parallelism was observed in one case when a phosphi-
rane-phosphirene interconversion was described in strict analogy with the silirene synthesis
depicted in eq. 2 (eq. 7).
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On the contrary, no phosphorus equivalent of the other established route to silirenes is
known at the moment (eq. 8).
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PHYSICOCHEMICAL PROPERTIES

One silirene (ref. 17), one phosphirene (ref. 18) and one phosphirene P-complex (ref. 7) have
been investigated by X-ray crystal structure analysis. The corresponding data are collected
in Table 1. It immediately appears that, structurally speaking, phosphirene complexes are
closer to silirenes than free phosphirenes. On the basis of two rather unsophisticated cri-
teria i.e. the difference between the lengths of the exocyclic and intracyclic X-C bonds on
one hand, and the length of the C=C intracyclic bond on the other hand, it seems that elec-
tronic cyclic delocalization is higher in silirenes and phosphirene complexes than in free
phosphirenes. Theoretical calculations on phosphirene (ref. 19) and its P—Cr(C0O). complex
(ref. 11) rationalize this finding. P-complexation stabilizes the phosphirene ring by
suppressing the destabilizing nm interaction between the lone pair at phosphorus and the 7
bond. From a theoretical standpoint, phosphirene and silirene are built from interacting
heteroatomic (X) and acetylenic subunits. In the case of phosphirene (ref. 19), the HOMO
corresponds to a n_(P) - 7, (C=C) and the next occupied level to a p*(P) + m5 (C=C) combina-
tion. This orbital can be viewed as an asymetric combination of the two P-C "banana bonds.

It corresponds to an electronic transfer (o delocalization) from X to the m%(C=C) orbital
and thus induces a lengthening of the C=C bond (Fig. 1). A similar picture is observed in the
case of silirene (ref. 20). The role of the (3d-2p) T two-electron stabilizing interaction
appears to be minimal contrary to earlier predictions (ref. 21).
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b L0
% WCO Fig. 1. Interactions between a phosphinidene
and a C=C triple bond

From a spectroscopic standpoint, the most fascinating features of these two rings are the
remarkably large upfield shifts of the 47Si and ‘P resonances observed when comparing sili-
renes and phosphirenes on one hand, and "normal" silanes and phosphines on the other hand.
The chemical shifts are in the range -87 to -106 ppm (vs Me;Si) for siliremes (ref. 3) and
-146 to -192 ppm (vs H3PO4) for phosphirenes (ref. 6). This parallelism between the 29gi and
31p chemical shifts had already been noted in other instances (for example both 29gi and 31p
resonances are shifted to low fields in 7-sila- and 7-phosphanorbornadienes, see ref. 22 and
23).

TABLE 1. Structural data on silirenes andphosphirenes_XCzRé

X SiR, P-R P(R) —sW(CO)
c=C (4) 1.349 1.299 1.307
C-X (A) (mean) 1.820 1.820 1.789
X-R (A) 1.872 1.842 1.831
£cxc (°) 43.5 41.8 42.8
£XcC (°) (mean) 68.2 69.1 68.5
LCXR (°) (mean) 120.6 104.2 107.6

Ref. 17 18 7

CHEMICAL PROPERTIES

The chemistry of silirenes has been investigated more completely than the chemistry of the
recently discovered phosphirenes. As usual, the Si-C bonds appear to be more reactive than
the P-C bonds. Hence, silirenes readily react with alcohols [ref. 1-4, 13-16] whereas phos-
phirenes are almost unreactive except under UV irradiation or when activating groups are
bonded to the ring carbons [ref. 8] (eq. 9, 10).
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Similarly, numerous two-atom insertions have been described with silirenes (eq. 11).

R' R' R'
A
N/ + A= — y Z/ \ (11) (ref. 24-26)
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Generally, these reactions are carried out at R.T., under gentle heating or under UV irradia-
tion. In other cases, the insertion is catalysed by nickel or palladium salts (ref. 14,27,28).
The postulated mechanism involves the insertion of a zerovalent metallic moiety into the
three-membered ring (eq. 12). Such an intermediate (M =Ni) has been characterized in solution
very recently (ref. 39).
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N/ + ML, [ s} ”"2] —_— RIS' || , (12)
/5\ | Si
R R R ¥ R

M = Ni, Pd

L = PR,

When no external reagent is available, this insertion product yields the corresponding 1,4-
disilacyclohexa-2,5-diene (ref. 29, 30). The picture is somewhat different with phosphirenes.
In the absence of metallic catalyst, no insertion has been reported. The intermediate metal-
lic insertion product can be isolated and has been characterized by X-ray crystal structure
analysis in one case (ref. 31) (eq. 13).

Ph Ph p Ph

2 ~ Ph— P —ML, (13)

PK/\‘W(CO)S (C0)5 M = Pd, Pt

+ ML

Its stability lowers its efficiency as a catalyst. However, two very peculiar insertion reac-
tions have been discovered (ref. 32, 33) (eq. 14).
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Apparently, CO insertion can also be achieved at much lower temperature in the coordination

sphere of nickel. Another interesting reaction of silirenes is the silylene insertion (ref.
34) (eq. 15).

: 7 + [SiR}] ——  R—Si—Si—R' (15)
2\ ? |
R” R R

This silylene insertion is one of the processes taking place upon thermal degradation of
silirenes (ref. 35). A similar reaction has not yet been reported with phosphirenes but the
reason may be simply that there is no efficient and neutral technique to generate phosphini-
denes at moderate temperatures. Nevertheless, a formal insertion of phosphinidene has been
achieved by an indirect route (ref. 36) (eq. 16).

N o 2 =] @B"3P (16)
) +R'PC, = , ¢ — P,c1—*

/N T N

This scheme takes advantage of the presence of a lone pair at phosphorus. This lone pair,
although rather unreactive, imparts several specific properties to phosphirenes. Some of them
are detailed in eq. 17 (ref. 8).



Comparisons between the chemistry of phosphirenes and silirenes 997

Ph Ph
Sg S—
P
57 “ph
P Ph P Ph
Br,,AICI W‘—
22n3 ©
b oo MICISBr (17)
L PR \Br
h Ph Ph

Fe(C0),THF \Y_7/
P

P \Fe(c0)4

The pentavalent phosphirene derivatives are generally unstable and readily ring-open. Some
other specific properties of phosphirenes are depicted in eq. 18, 19 (ref. 8).

Me Me
Ph C0,Et Me Me 7500
/p\w ' 8 h Ph CO,Et (18)
p
(CO)g X Ph/\w(co)s (44%)
oh oh BuL i P c) @
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p

The Diels-Alder cycloaddition highlights the great thermal stability of phosphirene complexes
and the weak cyclic delocalization of the ring. Before leaving phosphirenes and silirenes,
one last question, concerning the potential aromaticity of silirenyl and phosphirenyl cations,
deserves examination. According to theoretical calculations (ref. 37), silirenyl cations, if
ever made, would not be aromatic. On the contrary, some indication exists that, when suppres-
sing the destabilizing nT interaction by P-complexation, the phosphirenyl cation benefits
from some extra-stabilization by cyclic delocalization (ref. 38) (eq. 20).

R R R
‘W ATCT N4 W W
L5 A1c1@] acl91—  (20)

(0C) vf/\crl ~CH,~C1 (oc)g’ \CHZ-CHZ (0C), w"\m
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