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NEW ADVANCES IN THE CHEMISTRY OF THE PHOSPHIRENE RING

F. MATHEY

Laboratoire CNRS-SNPE, 2-8 rue Henry Dunant, 94320 Thiais,
France

Abstract : Some recent developments of the chemistry of phos-
phirenes are reviewed. They include two new syntheses of the
ring, a preliminary investigation on the reactivity of 1-
chlorophosphirenes and various ring expansions.

The phosphirene ring occupies a very peculiar position among
phosphorus heterocycles. Firstly, it is by far the most strained
carbon-phosphorus heterocycle ever described in the literature. As
a consequence, its intracyclic P-C bonds are bent and show anabnor
mal reactivity. Secondly, it forms the basis of a whole series of
potentially aromatic 27m- and antiaromatic 4T-systems containing
phosphorus. Thirdly, it is an ideal synthon for building larger
heterocycles. Thus, since its discovery in our laboratoryl, we
have devoted a lot of efforts to the study of this ring and we
wish to summarize here our latest results in this field.

The initial synthesis of this ring1

started from phosphole P-
complexes and consequently was rather sophisticated. Since then we
have devised an alternate synthesis which uses more classical

starting product52 :

® Ph
1 ‘H. BlO, -picoline —
(EN) pp—H )= 32 . §P7 (60%)
H(CO) 2) PhC=CH w/\
(0C) W NEE,

We think that the first step of the mechanism of this synthesis

involves the attack of positive bromine at a nitrogen lone pair.

Then, the abstraction of a proton by a-picoline leads to a termi-
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nal phosphinidene complex which reacts as usual with the acetyle-
nic compound to give a phosphirene

Br@ ?7 ?r -

(EtzN)zi’-H —— Et N—-PNEL ——-—[EtZN-Pau(CO)S] + Et,N-Br
W(C0)g W(CO)g l PRCECH
phosphirene

More recently, we have found3 an even simpler synthesis of terva-
lent phosphirenes which relies on the in situ reduction of the

Hogeveen's adducts4

R' R* ' R'
o B |
RPC1, + R'C2CR' + AICl, — AlC)
2 3 )
P® R.T. p
/\ /
oo R

This route is obviously the shortest one for the non functional

compounds but it does not work when R=O0OR", NR), Cl, etc..

ot
In order to have an access to potentially aromatic phosphire-
nyl cations, we needed to prepare l-chlorophosphirenes. Ve have
devised two methods for preparing their tungsten camplexes. The
first one relies on the HCl cleavage of the P-N bond of l-amino-
phosphirene complexes prepared as described here befgre. The second

one starts from 1-B-chloroethylphosphirene complexes

R R R
‘W— AICT,, CHCT, - W
My, Tt m,@ 2"4 P
25°C, 15 min.
/\ /\
(0C)gW \:"z -CHpC (oqsw @c (C)H  C

It seems clear that the driving force for this abnormal loss of
ethylene is the "aromaticity" of the complexed phosphirenyl cation.
At the present time, attempts at decamplexing these chloro species
have given unsatisfactory results. The reduction of these camplexed
chlorophosphirenes has been successfully achieved using magnesium
and a source of proton in THF. The chemistry of these P-unsubsti-
tuted species is described elsewhere? Noteworthy in the context of
this lecture is the fact that the complexed phosphirenyl anions

seem to be highly unstable (the opening of the ring takes place
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upon metalation by n-BulLi at -70°C).

R
N/ m. T N N\ /
R P

ultrasonic irradiation /\
(OC)SN C1 (OC)5N H

From a completely different standpoint, various ring expansions
have been observed which can be related to the weakness or (and)
to the T-character of the P-C intracyclic bonds (for a theoretical
discussion on this topic, see ref 7). The first one was observed

when heating phosphirene metal carbonyl complexes for long periods

of time8
R' R! R' R
X/ A, 160°C —_—
[CET T —\ Moo
,{\ (OC)5H/R (8 to 43%)
(oc)M R
The second one was observed when heating l1-allylphosphirene com-
9
plexes
R. R‘ Rl
; ; L,
H/ p 110-160°C R /p (19 to 58%)
(OC)S e/ 14-23 h (OC)SN

We believe that these two ring expansions have a common mechanism
transiently involving an insertion of the metal into the ring

R, R R

' . R—p S50 — /L—L
R__ R R _ R co/ o) R *(C_o)\so
\ / ||>—£(c0)5

P, / R' R'
R/ \M(c0)5 R Xk‘ R y
R—R - R“Z i
“u(co), A
K N(co)g

Then, the second step wouldbe aclassical insertion of carbon mono-
xide or olefin into a transition metal-carbon bond. In collabora-
tion with J.F. Nixon, we have demonstrated that it is indeed very

easy to insert a transition metal such as platinum into the inter-
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nal P-C bonds of phosphirenesloz

Ph Ph Ph Ph
\w/ ML, }=£ M= Pd, Pt
4 I w2 L= PRy
ol W(C0) W(C0)g

Finally, we have also been able to formally insert phosphinidenes

1
into the phosphirene ring 1

R’ R' R R R! R’
— o Bu,P
N/, e, —— § 3 P/m ® L Pl Pl oo 3, Pl __PI
/P 2 @P— @\ R" ( \Ru
R

In such a way, we have an easy and versatile access to a wide
range of new 1,2-diphosphetenes.

It seems quite obvious that numerous other developments of
the organic and coordination chemistry of phosphirenes will take

place in the near future.
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