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Summary: Titanocene complexes of various electron-poor
alkynes react with PhPCIl, and PCIl; to afford the
corresponding 1-phenyl and 1-chlorophosphirenes. A
similar Ti to P transfer reaction occurs when dialkoxy-
titanium complexes of electron-rich alkynes are used.

Metallacycle transfer from zirconium or titanium to
group 13—16 elements is a convenient synthetic route
to various heterocycles that are sometimes hardly
available by classical methodologies.! Since the initial
discovery by Fagan and Nugent, who reported in 1988
the successful preparation of a 1-phenyl-2,3,4,5-tetra-
methylphosphole from the corresponding zirconacyclo-
pentadiene,? a number of transformations leading to
four-, five-, or six-membered rings have been reported.
Most of these transformations focused on phosphorus
heterocycles, in view of their importance as synthons
and ligands.® Four-membered rings such as 1,2-dihy-

T This article is dedicated to Prof. Edgar Niecke on the occasion of
his 60th birthday.
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drophosphetes were prepared independently by Doxsee
and Tumas from titanacyclobutenes and dichlorophos-
phines.* In 1996, we described the first transfer to a
six-membered ring through the synthesis of 1,3,2-
diazaphosphinines.> Surprisingly, although a number
of zircona- and some titanacyclopropenes are known, no
metallacycle transfer reaction to heteroatom-containing
three-membered rings has been reported so far (Scheme
l).6’7

The absence of such a method is of importance if one
considers the powerful synthetic potential of phos-
phirenes in phosphorus chemistry.8 Up to now, free
phosphirenes are essentially accessible either by the
direct condensation of dichlorophosphines with alkynes
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followed by the reduction of the corresponding phos-
phirenium salts® or by decomplexation of the corre-
sponding W(CO)s complexes.’® Another interesting
approach which gives access to a wide range of P-
functionalized derivatives relies on the chemistry of
P-chlorophosphirenes via nucleophilic substitution reac-
tions.’ Unfortunately, these latter compounds are not
available using the classical condensation of phospho-
rustrichloride with alkynes and their preparation in-
volves multistep processes requiring sophisticated start-
ing materials.1%412 Therefore, a new and direct access
to 1-chlorophosphirenes is desirable. The reaction of
metallacyclopropenes with phosphorus trichloride should
provide such an easy access to these P-chloro com-
pounds.

With the intention of developing a very simple method,
we focused our studies on titanacyclopropenes,® which
are known to be stable as 16-electron complexes, unlike
their zirconium counterparts.’* In general, titanacy-
clopropenes are obtained in moderate yields from alkynes
by condensation of titanocene, which is generated in situ
by reduction of TiCp,Cl, with magnesium.td To
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achieve a more efficient access, excluding further puri-
fication, we investigated the direct condensation of
alkynes with TiCp,Bu,, a convenient precursor for
titanocene.’® In a typical experiment,'® a solution of
TiCp,Cl;, in THF was reacted with 2 equiv of BuLi at
—80 °C for 1 h. After addition of the alkyne at —78 °C
and warming to room temperature, treatment of the
resulting red-brown mixture with RPCI, or PCl; af-
forded the corresponding phenyl- or chlorophosphirenes
with the concomitant release of the starting TiCp,Cl,.
After a simple extraction with dry hexane, the phos-
phirenes were isolated in good to excellent yields (65—
95% see Scheme 2).

Apparently this type of transformation cannot be
transposed to electron-rich alkynes. Indeed, the reac-
tion of [TiCp.] with 3-hexyne or tert-butylmethylacety-
lene, followed by quenching with PhPCIl, or PCls,
exclusively led in each case to the recovery of the
starting chlorophosphine and the alkyne. This is no
doubt due to the instability of the corresponding titana-
cyclopropenes. Such complexes are only stable when
one of the ligands at least is a pentamethylcyclopenta-
dienyl group.1#® To circumvent this limitation, we then
investigated the reactivity of a titanocene equivalent,’
the easily available transient complex [Ti(O-i-Pr)],
which has recently found numerous applications in
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organic synthesis.’® Worthy of note is the transient
formation of diisopropoxytitanacyclopropenes from Ti-
(O-i-Pr), and i-PrMgCl, evidenced by trapping reac-
tions.185 We thus investigated the reactivity of these
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dialkoxytitanacyclopropenes toward PhPCI, and PCl3.1°
As illustrated in Scheme 3, the synthesis of P-phenyl
derivatives can be carried out without any difficulties.
On the other hand, the procedure described here does
not allow the isolation of the corresponding P-chloro-
phosphirenes, since i-PrOMgCI, released during the
formation of [Ti(O-i-Pr);], reacts at the P—CI bond to
afford the corresponding isopropoxyphosphirenes.

In conclusion, we have developed a highly efficient
and simple method for the synthesis of a wide range of
phosphirenes. The ready availability of P-chloro deriva-
tives is an important result which paves the way for a
systematic study of P-functionalized phosphirenes. Fur-
ther developments in phosphorus chemistry, as well as
the extension of this type of metallacycle transfer to
elements of other groups, are currently under investiga-
tion and will be reported in due course.
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(19) A mixture of Ti(O-i-Pr)s (102 mol, 297 uL) and alkyne (103
mol) in 9 mL of Et,0 is cooled to —78 °C. Two equivalents of i-PrMgClI
(2.0 102 mol, 1 mL, 2.0 mol/L) is then slowly syringed in, and the
temperature is raised and kept for 1 h at —50 °C. One equivalent of
RPCI; (1073 mol) is then added and the mixture brought back to room
temperature. After 1 h, the mixture is filtered and the solution reduced
to dryness in vacuo. 1-Phenylphosphirenes are purified by fast column
chromatography using hexane as eluant. 1-isopropoxyphosphirene (12)
was distilled under vacuum using a bulb-to-bulb apparatus.



