
5502 

Eaton, Can. J. Chem., 52, 2454 (1974); (d) R. Weissgerber and K. E. 
Schwarzhans, Z. Naturforsch., 31b, 208 (1976). 

(4) (a) J. S. Taylor, J. S. Leigh, Jr., and M. Conn, Proc. Natl. Acad. Sci. U.S.A., 
64, 219 (1969); (b) J. S. Leigh, Jr., J. Chem. Phys., 52, 2608 (1970). 

(5) See, for example, (a) A. A. Medshidov, Yu. G. Mamedova, R. B. Lyuborskii, 
and L. N. Kirichenko, Teor. Eksper. KNm., 6, 133 (1970) (p 124 in trans­
lation), (b) C. Veyret and A. Blaise, MoI. Phys., 25, 873 (1973); (c) R. A. 
Zelonka and M. C. Baird, J. Am. Chem. Soc, 93, 6066 (1971); (d) G. I. Li-
khtenshtein, Yu. B. Grebenshchikov, P. Kh. Bobodzhanov, and Yu. V. Ko-
khanov, Molek. Biol., 4,682 (1970) (p 550 in translation); (e) V. N. Parmon, 
A. T. Nikitaev, G. M. Zhldomirov, and K. I. Zamaraev, Zh. Strukt. Khim., 13, 
400 (1972) (p 378 in translation). 

(6) See, for example, (a) J. Oaks, Nafure, 231, 38 (1971); (b) A. D. Keith and 
W. Snipes, Science, 183, 666(1974). 

(7) K. M. Salikhov, A. B. Doctorov, Yu. N. Molin, and K. I. Zamaraev, J. Mag. 
Res., 5, 189 (1971), and references therein. 

(8) D. Wilbur and R. Kreilick, J. Chem. Phys., 52, 1643 (1970). 
(9) L. L. Funck and T. R. Ortolano, lnorg. Chem., 7, 567 (1968). 

(10) Elemental analyses were performed by Spang Mlcroanalytical Laboratory 
or Galbraith Laboratories. 

(11) (a) R. J. Abraham, "Analysis of High Resolution NMR Spectra", Elsevier, 
New York, N.Y., 1971; (b) R. A. Hoffmann, S. Forsen, and B. Gestblom, NMR 
Basic Principles Progr., 5, 1 (1971). 

(12) K. L. Schepler, W. R. Dunham, R. H. Sands, J. A. Fee, and R. H. Abeles, 
Biochim. Biophys. Acta, 397, 510 (1975). 

(13) (a) J. Owen and E. A. Harris in "Electron Paramagnetic Resonance", S. 
Geschwind, Ed., Plenum Press, New York, N.Y., 1972, p 427; (b) G. L. 
McPherson and L. M. Henling, Phys. Rev. B, in press. 

(14) For leading references, see: (a) T. D. Smith, and J. R. Pilbrow, Coord. Chem. 
Rev., 13, 173 (1974); (b) T. D. Smith, J. F. Boas, and J. R. Pilbrow, Aust. 
J. Chem., 27,2535(1974). 

(15) E. K. Metzner, L. J. Libertini, and M. Calvin, J. Am. Chem. Soc, 96, 6515 
(1974). 

(16) Visiting Professor, University of Denver, 1975-1976. Permanent address: 
University of Essex, England. 

P. M. Boymel, J. R. Chang, D. L. DuBois 
D. J. Greenslade,16 G. R. Eaton* 

Department of Chemistry, University of Denver 
Denver, Colorado 80208 

S. S. Eaton 
Department of Chemistry 

University of Colorado at Denver 
Denver, Colorado 80202 

Received February 25,1977 

Scheme I 

P ^ CH ^ P h z 

I I 
X—Pd Pd—X + CO 

/ N H A 
Ph2 Ph2 

1 
+ 

CNR 

P ^ ^CH 2 x / P h 2 

v P P 

^ P d j>er 

R 

Ph2
 CH2 Ph2 

RNC- "V 

^ ,CH2^ S 
x ? F x 

Pd ^ P d ^ 

,P A P / s ° s \ 
Ph2 CH2 Ph., 

RNC. 

\ ^ C H 2 ^ / 

\ 
+2CNR 
< > 

+2X~ 

.CNR 
'd ^Pd" 

/ rVu / rv_ Ph, CH2 Ph2 

- P d -
V 

R 
N 
C 

-Pd-

2 + 
-3CNR 

-CNR + 2Ph2PCH2PPh2 

"N-R C 
N 
R 

Insertion of Isocyanides and Carbon Monoxide into 
Metal-Metal Bonds. Preparation and Structure of 
[Pd2<CNCH3)3[(C6H5)2PCH2P(C6H5)2]2][PF6]2 

Sir: 

Recent suggestions1 that polynuclear metal complexes may 
exhibit heretofore unobserved modes of catalytic activity have 
stimulated interest in the behavior of such complexes and 
particularly those complexes (e.g., Os3H2(CO)io2 and (r;5-
CsHs)2Mo2(CO)4

3) containing unsaturated metal-metal 
bonds. Here we report some addition reactions of two coordi-
natively unsaturated palladium(I) dimers. The most con­
spicuous feature of these reactions is the expansion of the 
palladium-palladium distance which occurs upon formation 
of an isocyanide or carbon monoxide bridge. In contrast, with 
most other complexes containing monohapto, doubly bridging 
carbon monoxide or isocyanide ligands, these ligands span two 
metal centers which are generally thought to be connected by 
a direct metal-metal bond.4 

When a dichloromethane solution of the phosphine bridged 
palladium(I) dimer Pd2(dpm)2X25 (1, X = Cl, Br) (dpm, 
Ph2PCH2PPh2) is exposed to 1 atm of carbon monoxide, 1 
equiv of carbon monoxide is absorbed and the dark red crys­
talline complex Pd2(dpm)2(CO)X2 (2) may be isolated. This 
product contains only a bridging carbonyl (ceo 1704 cm - 1 , X 

= Cl). Carbon monoxide addition to 1 is readily reversed. 
Refluxing a dichloromethane solution of 2 or heating solid 2 
at 56 0 C under vacuum causes it to revert to 1. Although nu­
merous examples of reversible carbon monoxide bonding to 
terminal sites in metal complexes are known, to our knowledge 
this is the first case in which reversible carbon monoxide 
bonding to a bridging position occurs. 

Addition of isocyanides to 1 proceeds similarly to produce 
Pd2(dpm)2(CNR)X2 (3, R = CH3 , C6H11 , C6H5 , p-
CH3C6H4 ; X = Cl, Br) (Scheme I). However, the addition of 
isocyanide has not yet been reversed. The infrared spectra of 
the crystalline yellow orange products indicate that only 
bridging isocyanide ligands are present in the products (VCN 
1624-1677 cm - 1 ) . Related isocyanide complexes are obtained 
when Pd2(CNR)6(PFe)2 (4, R = CH 3 or />-CH3C6H4)6 is 
treated with dpm. Crystalline 1:2 electrolytes of the stoichi-
ometry [Pd2(dpm)2(CNR)3][PF6]2 (5) are obtained. Solution 
infrared spectra of these cations reveal the presence of both 
terminal (CCN 2183-2231 cm - 1 ) and bridging (J>CN 1640-1680 
cm" ' ) isocyanide ligands. Complexes of the types 3 and 5 are 
interconverted by exchange of terminal ligands. Addition of 
halide ion to solutions of 5 causes 3 to precipitate. Although 
3 has extremely limited solubility, it readily dissolves in acetone 
or acetonitrile in the presence of an excess of isocyanide to form 
5. 

Because of the low CN or CO stretching frequencies ob­
served in the infrared spectra of these bridged complexes 2, 3, 
and 5, an x-ray structural determination of 5 was undertaken 
to obtain precise structural data on one member of this group. 
Crystals of [Pd2(dpm)2(CNCH3)3](PF6)2 were obtained as 
an acetone solvate by slow diffusion of diethyl ether into an 
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Figure 1. An ORTEP drawing of Pd2(CNCH3)3(dpm)22+ showing the 50% 
thermal ellipsoids. 

Figure 2. Bond distances and angles with the Pd2(CNCHs)3 planar 
unit. 

acetone solution of 5. Crystal data (85 K): orthorhombic, space 
group Clmb (no. 39); cell dimensions a = 18.933 (2), b = 
27.498 (2), c = 11.713 (2) A; V = 6098.4 A3; pexPti 298 K = 
1.48 g/cm3 for Z = 4;MMOKQ

 = 8.15 cm-1. Intensity data were 
collected at 85 K on a Picker automated four-circle diffrac-
tometer using Mo Ka radiation. A 40-s o> scan of the most in­
tense part of the peak at a scan speed of 0.5° min-1 was used. 
A background curve was measured as a function of 20. A total 
of 2092 reflections were collected in the range 28 < 45°. The 
structure was solved and refined isotropically for all atoms 
except hydrogen atoms by Patterson, Fourier, and least-squares 
methods to a final R index of 0.080 using 1990 reflections 
having/net > 2<r(/net). 

An ORTEP drawing of the cation is shown in Figure 1. A 
crystallographic mirror plane passes through the two palladium 
atoms and three isocyanide ligands. Above and below each 
palladium atom, and essentially normal to the plane at this 
point, are the four phosphorus atoms of the two dpm ligands. 
The palladium to phosphorus distances averages 2.31 (I)A. 
A third coordination site for each palladium atom is occupied 
by a nearly linear, terminal methyl isocyanide, while the fourth 

is a shared, bent, methyl isocyanide bridge. The coordination 
about each palladium is nearly planar with the two squares 
connected at one corner by the bridging isocyanide. The pal­
ladium-palladium distance is 3.215 (2) A. This distance should 
be compared to the Pd-Pd distances in complexes lacking 
bridging carbonyl or isocyanide ligands: 1 (2.699 A),5 

Pd2(CNCHs)6
2+ (2.531 A),7 and Pd3(CNCH3)6(PPh3)2

2+ 

(2.5921 A).8 Similarily the Pt-Pt distances in the carbonyl or 
isocyanide bridged complexes are shorter than the Pd-Pd 
distance in 5: (M2-Z-BuNC)3(Z-BuNC)3Pt3 (2.632 A),9 

Pt4(PPhMe2)4(M2-CO)5 (2.790 and 2.752),l0 and 
Pt3(PPh2Bz)3(M2-CO)3 (2.65 A)." A conventional 16-electron 
count for each square planar palladium center can be achieved 
for 5 without invoking the presence of a metal-metal bond. 

Other interesting aspects of the cation geometry can be 
appreciated from a drawing of the atoms in the plane of sym­
metry (Figure 2). The bent isocyanide ligand bridges the two 
palladium atoms symmetrically. Its C-N distance is signifi­
cantly longer than those of the terminal isocyanides. 

On the basis of the observed structure of 5, we expect that 
2 and 3 also contain related structural units with long Pd-Pd 
distances. The interrelationships of complexes 1 to 5 are shown 
in the accompanying scheme. 

Although most V-carbonyl and rj'-isocyano bridging ligands 
span metal centers which are generally acknowledged to be 
directly bonded, current theories on the bonding in such 
bridging units do not demand the presence of a direct metal-
metal bond. In the present case the flexibility of the bridging 
dpm ligand contributes to the product stability by allowing for 
the expansion of Pd-Pd distance while minimizing steric in­
teraction between ligands in the coordination spheres of the 
two palladium centers. 
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