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Figure 1. ORTEP view of the structure of the [Re,Cl;(u-dppm),(CO)-
(CN-t-Bu),]* cation with methyl groups and phenyl rings omitted. The
thermal ellipsoids are drawn at the 50% probability level. Important
bond lengths (A) and angles (deg) are as follows: Re-Re = 2.379 (1),
Re;~Cly; = 2.496 (2), Re,~Cly = 2.538 (2), Re,~Cly = 2.404 (3),
Re,-P;, = 2.485 (3), Re;~Py; = 2.493 (3), Re;—Py; = 2.494 (3), Re,-Py,
= 2.468 (3), Re;~C, = 1.922 (9), Re—Cyy = 2.09 (1), Rey—Cyy, = 2.05
(1); Re;—Re,—Cly; = 161.9 (1), Re;-Re—Clj; = 168.3 (1), Re;—Re,—Clyy
=107.9 (1), Re;~Cy;;=Ny;; = 174 (1), Re;—Cy5-Npy, = 175 (1).

(#-C1) (p-CO) (u-dppm),C1;(CO),> Rey(u-Cl)(n-CO)(p-
dppm),Cl3(CNxyl),* [Re;(u-Cl)(4-CO)(u-dppm),Cl,(CO)-
(NCEt)]PFg,'? and [Re,(u-Cl)(u-CO){(u-dppm),Cl,(CO)(CN-
t-Bu]PF,.5 This Re-Re bond shortening in 3b, compared to the
bond length in the Re(u-CO)Re species, is in accord with the
presence of an electron-rich Re=Re bond, although it is weakened
(and lengthened) through back-bonding involving the = compo-
nents of the metal-metal bond and the =* orbitals on the terminal
CO and ¢-BuNC ligands. The change to an edge-sharing bioc-
tahedral structure leads to a lengthening in this bond of ca. 0.2
A; the effect is tantamount to the change in Re-Re distance that
occurs upon forming a doubly bonded dirhenium(III) complex
such as Re,(u-Cl),(u-dppm),Cl,.!* Thus, the formation of a u-CO
unit in these dirhenium complexes gives the same effect as a net
two-electron oxidation from Re,** to Re,®*. This is a consequence
of treating the CO ligand as forming a divalent bridge.

The structure of 2b most likely resembles that of 3b in possessing
terminally bound CO and 7-BuNC ligands, i.e. (CO)Cl,Re(u-
dppm),ReCl,(CN-#-Bu). We also find that CH,Cl, solutions of
2b react with nitriles and with xylyl isocyanide at room tem-
perature in the presence of TIPF, to yield complexes of stoi-
chiometry [Re,Cl;(dppm),(CO)(CN-¢-Bu)(L)]PFg, where L =
MeCN, EtCN, and xyINC (70-75% yield). These complexes
possess electrochemical properties that resemble those of 3b (see
ref 5) and IR spectral properties that accord with a structure very
similar to that of 3b, i.e. a terminal CO ligand and the -BuNC
ligand trans to L.!* The lability of the nitrile ligands L in these
complexes is demonstrated by the conversion of [Re,Cl;-
(dppm),(CO)(CN-z-Bu)(NCMe)]PF into 3b (70% yield) upon
its reaction with z-BuNC in dichloromethane. Accordingly, 3b
is a new structural prototype for dirhenium complexes that contain
m-acceptor ligands, and studies are under way to examine the scope
of this chemistry.
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Phosphinecarboxylate Ligands Formed by the Insertion of
Carbon Dioxide into Metal-Phosphido Bonds. Preparation
and Structural Characterization of

Tetrakis(di- tert -butylphosphinecarboxylato)dimolybdenum
Sir:

We recently demonstrated that amido (NR,) ligands are
stronger 7 donors than phosphido (PR;) ligands in structural and
spectroscopic studies of 1,2-M,[P(z-Bu),],(NMe,), M = Mo (1)
and W),! and next sought to compare NR, and PR, ligands on
the basis of chemical reactivity. The conversion of NR, ligands
to carbamate (O,CNR,) ligands by reaction with CO, is well-
known,? and we and others? suspected that PR, groups might also
undergo formal CO, insertion to give phosphinecarboxylate
(O,CPR,) ligands. We now report the preparation of the mix-
ed-ligand complex Mo,[O,CP(z-Bu),],(0,CNMe,),(NMe,),
(M=M) (2) from 1, and its unexpected decomposition to give

Mo,[O,CP(¢-Bu),], (MiM) (3). To our knowledge 3 is the first
homoleptic O,CPR; complex and the first O,CPR, complex to
be structurally characterized. The structure of 3 reveals important
differences in the bonding capabilities of O,CPR; and O,CNR,
ligands.

Phosphido—amido complex 1 and excess CO, react rapidly to
give 2 as a yellow precipitate (54%) according to eq 1. Complex

hexane

l,Z'MOZ[P(I'BU)Z]z(NMez)4 + 4C02 -
1
MOz[OzCP(I'BU)z]2(202CNM02)2(NM°2)2 e))

2 has been characterized by spectroscopic and elemental analyses.*
The lack of any »c—q in the IR spectrum indicates that O,CP-
(t-Bu), and O,CNMe, ligands are bound in a n? fashion. NMR
data show that the two O,CP(¢-Bu), ligands, the two O,CNMe,
ligands, and the two NMe, ligands are chemically equivalent,
respectively, and that each bears diastereotopic alkyl groups.
Various geometries are consistent with these data, and the
structure of 2 is likely to be similar to known structures of related
carbamate complexes.’
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Figure 1. ORTEP view of M0,{O,CP(#-Bu),]4+2C4H, (3-2C¢Hs). Selected
distances (A): Mo-Mo = 2.092 (3), Mo—O(av) = 2.107 (9), O-C(av)
= 1.27 (1), and O,C-P(av) = 1.860 (5).

Our attempts to crystallize 2 have been frustrated by its slow
decomposition in solution at ambient temperature, giving several
new species (by NMR monitoring). We initially considered the
instability might result from reversible CO, insertion and dein-
sertion, but 2 does not undergo exchange with 13CO, over the
course of several weeks. One decomposition product readily
crystallizes in small amounts (0.08-0.10 molar equiv based on
2) from C¢Hg, and has been identified as Mo,[O,CP(t-Bu),]4
2C¢H, (3-2CcHg) by spectroscopic analyses,’ and X-ray crys-
tallography.” Thus, the decomposition of 2 involves both ligand
exchange and redox chemistry. Complex 3 can be prepared
directly from Mo,[P(t-Bu),],[u-P(t-Bu),],,% and CO, (in ca. 25%
yield based on MoCl,).?

(6) Data for 3: *P{'H} NMR (ppm, C¢D) 51.0 (s); 'H NMR (3, C¢Dg)
1.47 (d, 3Jup = 11.6 Hz, 72 H); *C{'H} NMR (ppm, C¢Dy) 192.5 (d,
1Jep = 31.3 Hz, O,CP); IR (cm™, KBr) 1469 m, 1438 m; dec pt
213-245 °C.
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The molecular structure of 3:2C¢Hj is shown in Figure 1, and
important distances are listed in the caption. The compound
adopts the familiar paddlewheel geometry for Mo,(0,CX),4
species,'” with benzene solvate molecules in axial positions at
distances precluding significant bonding interactions (the closest
solvate Mo-C distance is 3.11 A).!!  Of special interest are
parameters for the u,n*-0,CP(¢-Bu), ligands. Configurations at
P are grossly pyramidal, as shown by the sums of angles about
P atoms, 310.2-313.4 (6)°. The P-CO, distances of 1.86 (1) A
are normal P-C single-bond lengths.!? This contrasts with typical
parameters for p,n%-O,CNR, ligands, which describe planar
configurations at N and short N-CO, distances, resulting from
effective delocalization of N lone pairs into CO, «* frame-
works.>»1?  The net effect is stronger metal-ligand bonding via
O-to-M = donation in O,CNR; complexes. The lack of this effect
in 3 is presumably a reflection of inherently poor P-C r overlap.’*
Further studies are in progress.!3
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