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should uncover further information about the fundamental im
portance of these processes. 
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Metal-metal multiple bonds' provide the basis for extensive 
reactivity, which includes redox reactions, cluster syntheses, ac
tivation of small unsaturated molecules, and cleavage reactions, 
yielding new or alternate syntheses of mononuclear compounds.2 

The reactions between W2(OR)6(M=M) compounds and alkyl 
or aryl nitriles R'C=N, which give nitrides, (RO)3W=N, and 
carbynes, (RO)3W=CR', are striking examples of the latter.3 We 
report here some observations on the reactions between M2-
(OR)6(M=M) compounds (M = Mo, W) and dimethylcyan
amide, Me2NC=N, which we believe provide insight into the 
reaction pathway leading to the metathesis of W=AV and C=N 
bonds. 

Hexane solutions of W2(O-J-Bu)6
4 and Me2NCN (1 equiv) 

react5 at room temperature to give a white precipitate of the linear 
polymer [(7-BuO)3W=N]/ and the hydrocarbon-soluble com
pound (7-BuO)3W=CNMe2. The reaction is complete within 
minutes. The carbyne compound is obtained in analytically pure, 
crystalline form by (i) filtering off the hexane-insoluble nitride, 
(ii) stripping the solvent from the filtrate, and (iii) sublimation 
at 25 0C, 10~4 torr. The molecular structure deduced from a 
single-crystal X-ray study7 revealed the weakly associated dimer 
shown in Figure 1. Through the agency of a pair of OR bridges, 
two TBP tungsten atoms are united along a common axial-
equatorial edge. The molecule has virtual Clh symmetry and a 
crystallographically imposed mirror plane containing the central 
[NC=W-M-O]2 unit. 

Addition of dimethylcyanamide (1 equiv) to Mo2(OR)6
8 com

pounds under directly analogous conditions gives 1:1 adducts 
Mo2(OR)6(M-NCNMe2), where R = 7-Bu,9 7-Pr9, and CH2-7-Bu. 
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Figure 1. Ball and stick view of the [(7-BuO)3W=CNMe2J2 molecule 
emphasizing the trigonal-bipyramidal coordination at each tungsten 
atom. Pertinent distances (A) and angles (deg) are W(l) -0(9) = 1.89 
(1), W(l)-0(19) = 1.95 (1), W(l)-0(23) = 2.42 (1), W(l)-C(3) = 
1.77 (2), W(2)-0(14) = 1.88 (1), W(2)-0(19) = 2.43 (1), W(2)-0(23) 
= 1.94 (1), W(2)-C(6) = 1.75 (2), N(4)-C(3) = 1.34 (2), N(7)-C(6) 
= 1.39 (2); ZW(1)-C(3)-N(4) = /W(2)-C(6)-N(7) = 179 (2), ZO-
(23)-W(l)-C(3) = /0(19)-W(2)-C(6) = 177 (1). 

Figure 2. ORTEP view of the Mo2(OCH2-J-Bu)6(M-NCNMe2) molecule. 
Pertinent distances (A) and angles (deg) are Mo-Mo = 2.449 (1), Mo-O 
(terminal OR) = 1.92 (2) (averaged), Mo(l)-O(20) = 2.146 (2), Mo-
(1)-N(3) = 1.908 (3), Mo(l)-C(4) = 2.014 (4), Mo(2)-O(20) = 1.999 
(2), Mo(2)-N(3) = 2.134 (2), N(3)-C(4) = 1.333 (4), C(4)-N(5) = 
1.324 (4); /Mo(l)-C(4)-N(5) = 167.0 (3), Z(3)-C(4)-N(5) = 127.1 
(3), ZC-N(5)-C = 120 (1) (averaged). 

Crystals suitable for an X-ray study were obtained for the neo-
pentoxide from hexane and thereafter revealed7 the fascinating 
molecular structure shown in Figure 2. Superficially, the central 
Mo2(M-NCNMe2) unit appears similar to that in Cp2Mo2-
(CO)4(M-NCNMe2),

10 as indeed was suggested9 for the compounds 
Mo2(OR)6(M-NCNMe2), where R = 7-Bu and /'-Pr, on the basis 
of IR and NMR spectroscopic data. However, in the structure 
of Mo2(OCH2-7-Bu)6(M-NCNMe2), we see (relative to 
Cp2Mo2(CO)4(NCNMe2)) (i) a much longer Me2NC-JV distance, 
1.333 (4) A (cf. 1.236 (9) A), comparable to that in pyridine and 
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ca. 0.2 A longer than the C = N distance in Me2NC=N,1 1 (ii) 
a smaller N - C - N angle, 127° (vs. 135°), and a larger Mo-C-
NMe2 angle, 167° (vs, 150°), and (iii) a planar central Mo2N-
CNC2 unit. The Mo-Mo distance, 2.45 A, is comparable to those 
seen in compounds containing Mo-Mo double bonds, e.g., Mo-Mo 
= 2.49 A in Mo2(Cw-Pr)6(Py)2(M-CO).12 

Though crystallography is rarely a reliable method for the 
elucidation of reaction pathways,13 we do believe the molecular 
structure of Mo2(OCH2-I-Bu)6(M-NCNMe2) provides some insight 
into the metathesis reactions involving W = W and G = N bonds. 
In Mo2(OCH2-I-Bu)6(M-NCNMe2), the Mo-Mo and Me2NC-JV 
bonds appear poised for metathesis, and it is difficult to imagine 
that this is prevented because of a kinetic barrier. We suggest 
that the reaction M = M + - C = N — M = N + M = C - pro
ceeds for tungsten because of thermodynamic factors and that 
these are not favorable for molybdenum. This metathesis reaction 
can be viewed as an oxidative cleavage reaction wherein the 
(W=W)6 + unit is oxidized to two W6+ units. As such, the reaction 
provides another example of the greater susceptibility of W-W 
multiple bonds toward oxidations relative to Mo-Mo multiple 
bonds.14 

Further studies of these interesting reactions and compounds 
are in progress.15 
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Our examination of the reaction chemistry of polyhydride 
complexes, MHx(PR3L, (x > 3), has relied principally on pho
tochemical1 and oxidative2 methods in order to enhance the re
activity of these coordinatively saturated species. We have more 
recently been attempting to produce polyhydride species of the 
first row transition metals since these metals (a) often violate the 
18-electron rule as synthesized and (b) exhibit more rapid reaction 
rates than their heavier analogues. This report suggests that such 
a goal is indeed realizable, incorporating vanadium in a bimetallic 
polyhydride aggregate. 

Reaction of a THF slurry of [V2(M-Cl)3(THF)6] 2Zn2Cl6
3 with 

PMePh2 (2 equiv/mol of V), followed by addition of LiBH4 (2 
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Figure 1. ORTEP view of the inner coordination spheres of V2Zn2H4-
(BH4)2(PMePh2)4. Unlabeled atoms (primed) are related to those given 
by a crystallographic center of symmetry lying between the two vanadium 
atoms. Selected structural data: V-P3 = 2.548 (1), V-P4 = 2.529 (1), 
V-Hl = 1.80 (5), V-H2 = 1.85 (5), Zn-Hl = 1.70 (5), Zn-H2' = 1.59 
(5), Zn-H3 = 1.78 (5), Zn-H4 = 1.82 (5) A; /P3-V-P4 = 106.4 (0)°, 
ZH1-V-H2 = 159 (2)°. 

mol/mol of metal) at 25 0C yields a green solution. Vacuum 
removal of solvent leaves a red residue, which can be recrystallized 
from benzene/pentane to give a 50% yield (based on Zn) of dark 
red air-sensitive crystals. This material is homogeneous by two 
spectral criteria: It shows a broad 11BI1H) resonance at -30.6 ppm 
(in C6D6 at 25 0C) and a broad 31Pj1H) resonance at +22.7 ppm 
(in toluene-rf8 at -80 0C). The infrared spectrum of the red 
product shows bands characteristic6 of TJ2-BH4 units. An X-ray 
diffraction study7 shows this material to contain centrosymmetric 
molecules of formula V2Zn2H4(BH4)2(PMePh2)4 (Figure 1). The 
structure may be described as a diamond-shaped V2Zn2 aggregate 
(a squashed butterfly) with four edge-bridging hydrogens. The 
?;2-borohydride hydrogens and the hydrogens bridging V to Zn 
furnish tetrahedral ligation about zinc. The formal oxidation states 
Zn(II) and V(I) follow naturally. 

An alternative description of this molecule, and one which 
permits reliance on existing theory,8 considers it to be composed 
of the unit V2H4(PMePh2)4

2~ with eclipsed hydride ligands bridged 
end-to-end by two electrophilic Zn(BH4)* counterions. Support 
for this dissection of the molecule (which deemphasizes Zn-V 
bonding) comes from comparison of the Zn-V distances (2.633 
(2) and 2.656 (1) A) to the sum of the covalent radii of these 
metals (2.50 A). This model, which is predated by the lithium 
bridging seen in Li4Cr2Me4^THF9 and Li4Cr2(C4H8)4-4THF,10 

reduces the bonding problem to that of a d4-d4 M2X8*" dimer. The 
observed V-V distance of 2.400 (2) A is longer than the ~2.3 
A found among Cr2(O2CR)4L2 complexes8 and cannot be con
sidered a quadruple bond. Since the distance essentially duplicates 
that of the V=V double bond in Cp2V2(CO)5 (2.46 A),11 we 
suggest the bonding described by I, where the pair of d-electrons 

(Ph2MeP)2H2V=VH2(PMePh2)2
2-

I 

withheld from metal-metal bonding is drawn explicitly. An al
ternative rationale for this depiction is that the large ZV-V-P 
(126.1° and 127.0°) in the planar V2P4 unit destabilizes one V-V 
ir orbital (it becomes V-P c-antibonding) to an energy above both 
the 8 and 8* orbitals. The resulting electron configuration is 
(<r)2(irl)

2(5)2(5*)2(ir2)°; the lone pairs of I thus correspond to the 
filled 8 and 8* orbitals. 

Aspects of the unusual synthesis of this Zn2V2 aggregate, as 
well as its utility in hydrogen transfer, are under investigation. 
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