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Insertion of the P=C-Functionality of (Pentamethylcyclopentadienyl)(dicarbonyl)[1,3,3-
tris(trimethylsilyl)-n1-1,2-diphosphaallyl]iron into a CsMes C—-H Bond: Formation of a
Chelating (n'-P, n5-C5)-3-Tetramethylcyclopentadienyl-1,2-diphosphapropanido Ligand
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Heating a methylcyclohexane solution of [(n5-CsMeg)(CO),Fe—P(SiMe3)-P=C(SiMesz),] 1 gives rise to the insertion
of the P=C-moiety into the CH-bond of a ring methyl group forming the chelate complex
{n3-CsMe,CH,P[CH{SiMe3),]P(SiMe3)Fe(CO),} 5 which is trapped by (Z-cyclooctene)Cr(CO)s and fully

characterized as its Cr(CQO)s adduct 6.

Transition metal complexes of low-coordinated organophos-
phorus compounds are attractive molecules, which display an
interesting and versatile chemistry.! Recently, we have
demonstrated that n3-phosphaallyl iron complexes rearrange
to metallophosphaalkenes by treatment with (Z-cyclooctene)-
Cr(CO)s or Fey(CO)y.2 The nl-diphosphaallyl complex (n3-
CsMes)(CO),Fe-P(SiMe;)-P=C(SiMes), 1 was converted by
the chromium reagent into the first v3-ferradiphosphaallyl
complex 2 and small amounts of the first v3-1,2-diphos-
phaferrocene 3.3

The related sandwich complex 4 was obtained by Niecke
and Schmidt from the thermal reaction of the n!-diphospha-
allyl complex (n5-CsHs)(CO),Fe-P(SiMe;)-P=C(SiMes);.*
Complex 1, however, behaved differently upon heating, and
here we report the novel insertion of a P=C-function into an
aliphatic CH-bond of the CsMes ligand.

In a typical experiment a methylcyclohexane solution of
(n3-CsMes)(CO),Fe-P(SiMe;3)-P=C(SiMe;), 1 was heated at
85°C for 5 h. Crude 5§ remained after filtration and evapora-
tion to dryness as a brown tar. All attempts to obtain an
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analytically pure material failed. In order to obtain a
crystalline derivative of 5 which would allow full
characterization, a slight excess of (Z-cyclooctene)Cr(CO)s°
was added to the reaction mixture at room temperature and
stirring continued for 15 min. After filtration the solution was
evaporated to dryness and the solid residue was washed with
n-pentane and diethyl ether. The orange-yellow powder was
recrystallized from toluene at —30°C to give crystalline 6 in
59% yield. In benzene solution at 20 °C slow dissociation of
the Cr(CO)s unit with the occurrence of 5 was observed.

The composition and constitution of 6 are deduced from
satisfactory elemental analyses, spectroscopic data,t and an
X-ray structure analysis.} The doublets in the 3P NMR
spectrum of 5 at § 23.3 and ~83.4 (1Jp,, 171 Hz) are shifted to
low field by complexation and imply diphosphane structures
for 5 and 6.

Only four signals for the ring methyl protons and a multiplet
at & 3.25 representing two protons indicated that one Me
group of the CsMes ring took part in the reaction. From IR
evidence of 6 we concluded the presence of a Cr(CO)s group
attached to a powerful donor ligand. This was confirmed by
X-ray analysis which displays a dicarbonyl iron complex with
the chelating (n5-C,n!-P)-3-tetramethylcyclopentadienyl-1,2-
diphosphapropan-1-ido ligand. The five-membered metalla-
heterocycle defined by the atoms Fe P(2) P(1) C(2) C(1)
adopts an envelope conformation with the CH(SiMe;), and
SiMes substituents in equatorial positions and trans-orien-
tated. The Fe-P bond of 2.377(2) A is close to the upper

t Selected spectroscopic data for 5: 3'P{IH}NMR (methylcyclohex-
ane) (ref. 85% H3PO,): & ~83.4 (d, Upp 171 Hz, PFe), 23.3 [d, Upp
171 H, PCH(SiMes)a].

6: 3'P{1H} NMR (C¢D¢): & —62.6 (d, Jpp 234 Hz, PFe), 49.0 [d,
ljpp 234 Hz, P—CH(SiMe;)z]; 31p NMR (C6D6): 5 —62.6 (dm, lJpp
234 Hz, PFe), 49.0 (dd, Jpp 234; 2Jpy 25 Hz, PCH(SiMe3),; 'H NMR
(CsDg): 00.19[d, 4Jpy 1.2 Hz, 9H, C(SiMes)], 0.38 [s, 9H, C(SiMe3)],
0.72 (d, 3Jpy 3.7 Hz, 9H, PSiMe3), 1.07 (s, 3H, CsCH3), 1.10 (s, 3H,
CsCHa), 1.82 (s, 3H, CsCHj3), 1.84 (d, 4Jpy 1.0 Hz, 3H, CsCH3); 2.08
(m, 1H, CHSi,), 3.25 (m, 2H, PCH,); IR vya/cm~! (KBr): 2045,
2007, 1957, 1911, 1891 (CO).

t Crystal data: Cy7H,CrFeO,P5Si; 6, M = 732.7, monoclinic space
group P2i/n, a = 9.673(3), b = 21.662(7), ¢ = 16.824(5) A, f =
92.74(2)°, V = 3521.1(1.7) A3, Z = 4, MMo-Ka) = 0.71069 A,
u(Mo-Ka) = 0.95 mm~—1. The structure was solved by direct methods
and refined by full-matrix least-squares refinement to a current R =
0.056, based on 3250 reflections with F, = 4.00(F). Atomic
coordinates, bond lengths and angles, and thermal parameters have
been deposited at the Cambridge Crystallographic Data Centre. See
Notice to Authors, Issue No. 1.
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Scheme 1 Reagents and conditions: i, methylcyclohexane, 85°C, 5 h;
ii, methylcyclohexane, (Z-cyclooctene)Cr(CO)s, 20 °C, 15 min
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Fig. 1. ORTEP view of the structure of 6 in the crystal, important
bond lengths (A) and angles (°) are: Cr-P(2) 2.545(2), P(2)-P(1)
2.252(2), P(2)-Si(1) 2.278(2), P(1)-C(2) 1.870(6), P(1)-C(11)
1.869(5), C(2)-C(1) 1.495(8), Fe-C(1) 2.116(5), Fe-C(3) 2.111(5),
Fe-C(5) 2.110(6), Fe-C(7) 2.124(5), Fe-C(26) 1.779(6), Fe-C(27)
1.777(6): Fe-P(2)-P(1) 97.2(1), Fe-P(2)-Si(1) 108.6(1), Fe-P(2)-Cr
121.9(1), Cr-P(2)-Si(1) 103.4(1), Cr-P(2)-P(1) 128.3(1), P(2)-P(1)-
C(2) 99.5(2), P(2)-P(1)-C(11) 103.9(2), C(2)-P(1)-C(11) 103.9(2),
P(1)-C(2)-C(1) 109.1(4), C(2)-C(1)-Fe 125.9(4), C(1)-Fe-P(2)
88.6(1)

end of the range of 2.12 to 2.39 A, which is reported for Fe-P
distances in low-valent iron carbonyls.6 The pentacarbonyl-
chromium fragment is coordinated to metallated phosphorus
atom P(2) in an axial orientation. The Cr-P distance of
2.545(2) A is close to the sum of the covalence radii of Cr0
(1.48 A)7 and P (1.10 A)8 and well comparable with the Cr-P
distances of the side-on ligated Cr(CO)s group in 7, whereas
the end-on coordinated Cr(CO)s moieties give rise to Cr-P
bonds ranging from 2.387-2.411 A.9 The remarkably long
Fe-P and Cr-P contacts in 6 are due to the steric encum-
berance in the molecule.

The formation of 6 can formally be viewed as the insertion
of the P=C group into the CH bond of one methyl substituent
at the CsMes ring. Such an insertion is novel in phosphaalkene
chemistry, but has precedent in the chemistry of phosphenium
ions, 10 A3-dioxophosphoranes!! and A3-dithiophosphoranes.12



1184

We thank the Deutsche Forschungsgemeinschaft, Bonn,
the Fonds der Chemischen Industrie, Frankfurt and the BASF
AG Ludwigshaven for support of this work.

Received, 18th May 1992; Com. 2/02585J

References

1 J. F. Nixon, Chem. Rev., 1988, 88, 1327; R. Appel, in Multiple
Bonding and Low Coordination in Phosphorus Chemistry, ed. M.
Regitz and O. J. Scherer, Thieme Verlag, Stuttgart, 1990, p. 157.

2 L. Weber, E. Liicke, A. Miiller and H. Bogge, Z. Anorg. Allg.
Chem., 1990, 583,91; L. Weber, V. Nolte, H.-G. Stammler and B.
Neumann, Chem. Ber., 1991, 124, 989.

3 L. Weber, R. Kirchhoff, R. Boese and H.-G. Stammler, J. Chem.
Soc., Chem. Commun., 1991, 1293.

J. CHEM. SOC., CHEM. COMMUN., 1992

4 E. Niecke and D. Schmidt, J. Chem. Soc., Chem. Commun., 1991,
1659.

5 F.-W. Grevels and V. Skibbe, J. Chem. Soc., Chem. Commun.,
1984, 681.

6 L. Weber, M. Frebel and R. Boese, Z. Anorg. Allg. Chem., 1992,
607, 139 and literature cited therein.

7 F. A. Cotton and D. C. Richardson, Inorg. Chem., 1986, 5, 1851.

8 L. Pauling, in Grundlagen der Chemie, Verlag Chemie, Wein-
heim, 1973, p. 170.

9 J. Borm, L. Zsolnai and G. Huttner, Angew. Cherm., 1983, 95,
1018; Angew. Chem., Int. Ed. Engl., 1983, 22,977; Angew. Chem.
Suppl., 1983, 1477.

10 A. H. Cowley and S. K. Mehrotra, J. Am. Chem. Soc., 1983, 105.
2074; D. Gudat, M. Nieger and E. Niecke, J. Chem. Soc., Dalton
Trans., 1989, 693; E. Lindner and G. A. Weil3, Chem. Ber., 1986,
119, 3208.

11 J. I. G. Cadogan, A. H. Cowley, I. Gosney, M. Pakulski and S.
Yaslak, J. Chem. Soc., Chem. Commun., 1983, 1408.

12 A. H. Cowley and M. Pakulski, Terrahedron Lett., 1985, 25,2125.






