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Complexes with a Metal Phosphorus Triple Bond
— a Novel Class of Highly Reactive Compounds

MANFRED SCHEER, PETER KRAMKOWSK],
MICHAEL SCHIFFER, BRIAN P. JOHNSON and EVA LEINER

Institute of Inorganic Chemistry, University of Karlsrule,
D-76128 Karlsruhe, Germany

A novel approach to highly reactive phosphido complex intermediates of the type
[L,M=P—MY (CO)5] (M’ =Cr, W) is achieved v1a the Cp‘ migration from a ¢-bound situa-
tion at a P atom in a phosphinidene complex [Cp P{W(CO);5};] to the n -coordmahon at the
transition metal. Consequently those compounds show a high “side-on™ reactivity. Their
reaction behavior with phosphaalkynes, alkynes and nitriles leads to novel metala-phos-
phaheterocycles, Furthermore, the use of the corresponding As analogue [cp* As{W(CO)s},]
yields via thermolysis reaction the tetranuclear tungsten clusters, which indicate besides the
formation Pf the triple bond intermediate [Cp (CO);W=As—W(CO)s] the occurrence of a
second Cp eliminated intermediate [As{ W(CO)s},].

Keywords: P ligands; As ligands; phosphinidene; cyloadditions; cyclizations; multiple bonds
INTRODUCTION

Complexes with a metal-phosphorus triple bond are a new class of

compounds [1]. In complexes of the type [L.M=P] A the triple bond is
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sterically protected by bulky amido ligands as found for complexes 1 [2]
and 2 [3,4], respectively. Therefore, these compounds reveal exclusively
»end-on“ reactivity [4,5]. Our synthetic goal has been directed towards
the alkoxide substituted complexes of the type [L.M=P—-M(CO);] B
{6]. Thus, in complexes 3 [7] and 4 [8] the lone pair of the phosphido
ligand coordinates to a Lewis-acidic carbonyl complex. The RO ligands
are very flexible and thus, the metal-phosphorus triple bond remains
accessible. In contrast to complexes A those isolable compounds show a

high ,,side-on" reactivity.
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RESULTS AND DISCUSSION

Recently we developed a novel approach to complexes of type B as
highly reactive intermediates [9]. The principle of their generation is
based on a migration of a 6-bound Cp* at the phosphorus atom to give a
n’-coordination mode at the transition metal. In the absence of any
reactive substrate, the intermediate stabilizes itself by dimerization to
yield complex 5 (Eq. 1) [9].
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The trapping reaction chemistry of the highly reactive triple bond
intermediate offers novel synthetic routes to a large variety of
unprecedented metala-phosphaheterocycles. Thus, thermolysis of the
phosphinidene complex [Cp*P{W(CO)s}:] in the presence of /BuC=P
yields a novel cyclo-diphosphabutencne ligated complex 6 (Eq. 2). By
passing the phosphido complex intermediate of the type
[Cp*(CO);W=P—-W(CO)s] a formal [2+2] cycloaddition occurs to give

under participation of one molecule CO complex 6.
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The thermolysis reactions of {Cp*P{W(CO)s}.] in the presence of
different alkynes lead for PhC=CPh to complex 7 and for tBuC=CMe to
complex 8 as the major products (Eq. 3). Both compounds indicate the
formal cycloaddition reactions of the phosphido complex intermediate
with the corresponding alkyne. The resulting four membered ring
derivatives need a capping complex fragment for their stabilization.
Thus, for the formation of 7 an external tungsten carbonyl group,
whereas for 8 a second molecule of the triply bound intermediate was
needed [10].
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The use of MeC=CMe leads to complex 9, which can be regarded as a
trapped intermediate on the pathway of the n'-n® migration of the Cp*

ligand [11].
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Additionally, reactions of [Cp*P{W(CO)s},] with nitriles, such as
MeCN and PhCN, were carried out at ambient temperatures. As
products novel phospha-pyrimidene (10) and azaphosphindole (11)
derivatives were obtained, which indicate the unusual insertion reaction
of the nitriles into the P-C bond at the phosphinidene complex and

additionally CH-activation reactions even at mild conditions.
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The concept of the Cp* migration was furthermore extended to the
heavier homologue of phosphorus, by using [Cp*As{W(CO)s}:] as
starting material [12). Here, via its thermolysis reaction the tetranuclear
tungsten clusters 12 and 13 are formed as the major products (Eq. 5).
These products show the occurrence of the arsenido triple bounded
intermediate C as well as another intermediate D, resulting from a Cp*
elimination process. Intermediates C and D undergo tetramerization
reactions to form the cluster products. Furthermore, photolysis of
[Cp*As{W(CO)s}2] results in the As, ligand containing complex 14,
which shows that the second pathway prevails under these conditions.

CO
ocC.. co

/

Al\/

—0—’
-3c0 W—“*@
/W(CO), CO co
'As ( —
W(CO 12 (5)
)s W(CO)s

N
-Cp*
®)= wicoy W(CO)s W
\D / As
hv 2x
- *W(CO)s"
As
@/\\As
Acknowledgments

We thank the Deutsche Forschungsgemeinschaft and the Fonds der

Chemischen Industrie for comprehensive financial support.

References

[1] for reviews compare: M. Scheer, Angew. Chem. Int. Ed. Engl. 33, 1997 (1995); Coord.
Chem. Rev, 163, 271 (1997).



12: 52 28 January 2011

Downl oaded At:

184

[2)
(3]

[41
[51

[6]

7]
(8]

9]
[10]

[t1]
(12]

MANFRED SCHEER ez al.

C.E. Laplaza, W, M. Davis, C. C. Cummins, Angew. Chem. Int. Ed. Engl. 34, 2042
(1995).

N. C. Zanetti, R. R, Schrock, W. M. Davis, Angew. Chem. Int. Ed. Engl. 34, 2044
(1995).

M. Scheer, J. Miiller, M. Hiser, Angew. Chem. Int. Ed. Engl. 35, 2492 (1996).

J. A. Johnson-Carr, N. C. Zanetti, R. R. Schrock, M. D. Hopkins, J. Am. Chem. Soc.
118, 11305 (1996).

M. Scheer, K. Schuster, T. A. Budzichowski, M. H. Chisholm, W, E. Streib, J. Chem.
Soc., Chem. Commun. 1671 (1995).

M. Scheer, P. Kramkowski, K, Schuster, Organometallics 18, 2874 (1999).

P. Kramkowski, G. Baum, U, Radius, M. Kaupp, M. Scheer, Chem. Eur. J. 5, 2890
(1999).

M. Scheer, E. Leiner, P. Kramkowski, M. Schiffer, G, Baum, Chem. Eur. J. 4, 1917
(1998).

M. Schiffer, M. Scheer, Chem. Eur, J. submitted.

M. Schiffer, M. Scheer, J. Chem. Soc., Dalton Trans. 2493 (2000).

B. P. Johnson, M. Schiffer, M. Scheer, Organometallics 19, in press (2000).



