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ligand (E�As, Sb)**
John E. Davies, Lesley C. Kerr, Martin J. Mays,*
Paul R. Raithby, Peter K. Tompkin, and
Anthony D. Woods

The synthesis of organometallics containing naked Group
15 ligands has been a fruitful area of research for a number of
years. The E2 ligand is particularly well known, having been
observed in a wide range of complexes for both phosphorus
and arsenic, and with rather fewer examples for antimony and
bismuth.[1] In contrast to this plethora of homocomplexes, to
our knowledge there have been no reported examples of
structurally characterized complexes featuring heteroligands
such as PAs or PSb; indeed, there are very few reports of
structural characterization of the P ± Sb bond at all.[2] We now
report that the reaction of the anion [Mo2Cp2(CO)4(m-PH2)]ÿ

(2) with ECl3 (E�P, As, Sb) affords the tetrahedrane
complexes [Mo2Cp2(CO)2(m,h2-PE)] (3, E�P; 4, E�As; 5,
E� Sb) in moderate yields, presumably with concomitant
elimination of one equivalent of LiCl and two equivalents of
HCl.

Reaction of a THF solution of [Mo2Cp2(CO)4(m-H)-
(m-PH2)] (1), prepared by the literature method,[3] with 1
equivalent of tBuLi leads to an immediate color change from
orange to purple and essentially quantitative formation of
[Mo2Cp2(CO)4(m-PH2)]ÿ (2). Treatment of this solution with
one equivalent of ECl3 (E�P, As, Sb) results in a color change
back to orange (Scheme 1). Chromatography on silica with 1:1
hexane:dichloromethane as eluent affords a small quantity of
1 and the air stable derivatives 3 ± 5 as the only isolated
products. Complex 3 was identified by comparison of its IR
spectrum to that reported in the literature.[4] The new
complexes 4 and 5 were identified by IR and NMR spectro-
scopy, mass spectrometry, and microanalysis. Complexes 4
and 5 have been the subject of single-crystal X-ray diffraction
analyses.[5] The complexes crystallize in the space group P2/c
with two crystallographically distinct molecules in the unit
cell, like the diarsenic analogue [Mo2Cp2(CO)4(m,h2-As2)]
(6)[6] but unlike the diphosphorus complex [Mo2Cp2(CO)4-
(m,h2-P2)] (3).[4] The molecular structures of 4 and 5 are shown
in Figures 1 and 2, respectively. Selected bond lengths and
angles are given in Table 1. The PAs ligand of 4 shows a 50:50
disordering over the two sites; the interatomic separation of
2.2324(13) � is intermediate between those observed for the
diphosphorus and diarsenic complexes.[4, 6] Similar behavior is

Scheme 1. Synthesis of 3 ± 5.

Figure 1. Molecular structure of 4. E represents a P or an As atom.

Figure 2. Molecular structure of 5. E represents a P or an Sb atom.

observed for the PSb ligand in 5, where the separation is
observed to be 2.4699(14) �. The Mo ± Mo bond lengths of
3.0191(9) � in 4 and 3.0563(11) � in 5 are comparable with
3.038 � in 6[6] and 3.021 � in 3[4] and indicative of a single
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Mo ± Mo bond, as required for agreement with the eighteen-
electron rule.

Complexes featuring hetero-Group 15 ligands of this type
have not previously been prepared. We are currently inves-
tigating the range of naked-ligand and related complexes
preparable from the m-PH2 species in this manner and
comparing their reactivity to the reactivity of the known
homocomplexes with Group 15 ligands.

Experimental Section

All reactions were performed under an atmosphere of dry oxygen-free
nitrogen with solvents freshly distilled from the appropriate drying agent.

Synthesis of 5 : To a solution of 1 (0.497 g, 1.062 mmol) in THF (40 mL) was
added tBuLi (0.63 mL of 1.7m solution in pentane, 1.01 equiv.). The
solution immediately became purple. SbCl3 (0.244 g, 1.070 mmol) was
added,and the mixture stirred for 2 min. The solution became deep orange.
The solvent was removed under reduced pressure. The residue was
redissolved in the minimum quantity of dichloromethane and applied to
the base of TLC plates. Elution with hexane:dichloromethane (1:1)
afforded orange 1 (0.096g, 0.205 mmol, 19 %) and red-orange 5 (0.241g,
0.410 mmol, 39 %). Similar treatment of 1 with PCl3 or AsCl3 result in the
isolation of 3 and 4 in 29 % and 33 % yields, respectively. Selected
spectroscopic data: [IR (nÄCO cmÿ1) recorded in dichloromethane solution;
1H NMR and 31P NMR recorded in CDCl3 solution; 31P NMR chemical
shifts recorded relative to P(OMe)3 at d� 0.0 with positive shifts downfield.
For conversion to 85 % H3PO4 as a reference, d� 146.2 should be added to
the values given; calculated microanalytical values in parentheses]. 3 : nÄC0

1965vs, 1913vs; 31P NMR d�ÿ188.5, s. 4 : nÄC0 1959vs, 1908vs; 1H NMR d�
5.17, s; 31P NMR d�ÿ111.5, s; FAB MS 541 [M��1], 484, 457, 428 [M�ÿ
nCO, n� 2 ± 4]; microanalysis C 30.96 (31.08), H 1.76 (1.85). 5 : nÄCO 1949vs,
1900vs; 1H NMR d� 5.14, s; 31P NMR d�ÿ50.6, s; FAB MS 588 [M��2),
532, 504 [M�ÿ nCO, n� 2,3]; microanalysis C 28.45 (28.65), H 1.64 (1.72), P
5.31 (5.28)
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Table 1. Selected bond lengths [�] and angles [8] for 4 and 5.[a]

4 5

Mo(1) ± Mo(1a) 3.0191(9) 3.0563(11)
E(1) ± E(1a) 2.2324(13) 2.4699(14)
Mo(1) ± E(1) 2.6428(9) 2.6942(9)
Mo(1a) ± E(1a) 2.6428(9) 2.6942(9)
Mo(1a) ± E(1) 2.5468(10) 2.7972(9)
Mo(1) ± E(1a) 2.5468(10) 2.7972(9)

E(1)-Mo(1)-E(1a) 50.91(3) 53.42(3)
E(1)-Mo(1)-Mo(1a) 55.92(2) 57.80(2)
E(1a)-Mo(1)-Mo(1a) 52.96(2) 54.59(2)
E(1a)-E(1)-Mo(1) 66.67(3) 65.42(2)
E(1a)-E(1)-Mo(1a) 62.32(2) 61.16(2)
Mo(1)-E(1)-Mo(1a) 71.12(3) 65.42(2)

[a] Two independent, but not significantly different, molecules reside in
the unit cell. Values given refer to one molecule only.


