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Unprecedented W2(0) quadruply bonded complex supported by π-
donor ligands† 

K. Ventura, J. R. Prat, L. M. Aguirre Quintana, A. Goos and D. Villagran*a

A quadruply bonded complex W2(DippF)2K2 with a W2(0) core was 

synthesized and structurally characterized. The observed W-W 

distance of 2.407(1) Å and DFT calculations are consistent to the 

unprecendented electronic structure in D2h symmetry of σ2π2π2δ2 

δ2δ*2 where the HOMO is the δ* orbital.  

The chemistry of W2 complexes has recently been the subject 

of renewed interest by many research groups due to its 

potential in small molecule activation reactions.1–7 However, in 

contrast to the rich chemistry of the other two group 6 

bimetallics (Cr2 and Mo2), the chemistry of W2 complexes has 

been characterized by their propensity to be easily oxidized. In 

fact, W2 compounds are so easily oxidized that tetragonal 

compounds bridged by guanidinate ligands are the most easily 

ionizable complexes measured to date, and have potential 

uses as strong reductants.1  

Bimetallic complexes bridged by π-acceptor ligands such as CO 

allow the formation of singly-bonded staggered complexes 

such as Mn2(CO)10, Re2(CO)10, MnRe(CO)10 and Co2(CO)8,8–10 

whose chemistry has been well-studied. These bimetallic 

complexes supported by π-acceptor ligands can be considered 

as being formed by two M(CO)5 fragments that are isolobal 

with the methyl radical and behave accordingly,8–10 yet no W2 

complexes of this type are known to exist. While π-acceptor 

ligands can help stabilize electron rich metals thanks to back-

bonding, ligands of increased basicity, such as π-donors, are 

needed to support bimetallic complexes with higher oxidations 

states. The most common ligands of this type are carboxylates, 

formamidinates, and guanidinates.5,11 The lowest oxidation 

state of W–W bonded complexes when bridged by π-donor 

ligands is W(II)–W(II). In contrast, dichromium and 

dimolybdenum bimetallic systems have been isolated with 

oxidation states of Cr(I)–Cr(I) and Mo(I)–Mo(I).  Currently, no 

ditungsten analogs are known, in part, due to the difficulty of 

their synthesis. While the W(I)–W(I) complex is still unreported 

(but still pursued by us and others), herein we report the 

synthesis and characterization of an even more highly reduced 

W(0)-W(0) bimetallic complex (Figure 1) supported by two 

DippF ligands (DippF =  bis-diisopropylphenyl formamidinate) 

and its precursors.  

The multi-step synthesis of the title compound starts with 

WCl6 as a starting material, which is reacted with W(CO)6 to 

form WCl4 as depicted in Scheme 1. Reduction of WCl4 with 

KC8 in the presence of stoichiometric amounts of the lithium 

salt of DippF, yields the bimetallic precursor 1 (26% yield) 

which has a W2
6+ core. A cyclic voltammogram (CV) of 1, Figure 

3, shows a reversible reduction at -1.28 V (vs Fc/Fc+) followed 

by an irreversible reduction at -1.89 V. A third reversible 

reduction event at -2.28 V is also observed.  

Figure 1. ORTEP diagram of 3 plotted at the 50% probability value. W(1)-W(1) 

distance 2.407(1) Å, W1-N(1) distance 2.08(2) Å.   
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Reduction of 1 with one equivalent of lithium metal in THF 

yields 2 in 99% yield (see Supplementary Information). 

Compound 2 has been characterized by x-ray crystallography, 

and has a W-W bond distance of 2.280(1) Å. This distance is 

consistent with a bond order of 3.5.12 NMR spectroscopy 

shows broad signals consistent with having a paramagnetic 

sample. EPR spectroscopy shows an anisotropic signal with g = 

1.86 (Figure S2) also in agreement with similar W–W 

complexes with bond order of 3.5.4,13 14 

Reduction of 1 in refluxing THF with excess potassium sand 

yields 3 in 14% yield (Scheme 1.V). Crystals grown at –10 °C 

from a concentrated solution of 3 in ether were analyzed 

under single-crystal x-ray diffraction. The structure of 3 is 

shown in Figure 1. The W–W bond distance of 2.407(1) Å is 

longer than the range of classical σ2π4δ2 quadruply bonded 

complexes (spanning distances between 2.155(2) Å and 

2.375(1) Å).15,16 The bond distances between the metal center 

and the N atom in the ligand are between 2.081(2) – 2.121(2) 

Å. The distances between the potassium cations and the 

isopropyl groups of the ligand fall in the range of 3.262(6) – 

3.303(4) Å. On the other hand the distances between the 

isopropyl groups and the W atoms are between 2.216(2) – 

2.223(6) Å.  

DFT calculations were performed on a geometry optimized 

dianionic model of 3 to gain insight into its electronic 

structure. The top six highest occupied molecular orbitals of 

the model of 3 shows that they all are metal based (Figure 2). 

Starting from HOMO-5 and going up in energy until the HOMO, 

we see the molecular orbital manifold of bimetallic systems 

with D2h symmetry,5,17–19 namely a σ-orbital (HOMO-5, 93% 

metal character), two π-orbitals close in energy (but not 

degenerate) (HOMO-4 and HOMO-3, 82 and 96% metal 

character, respectively), a distorted δ-orbital composed by two 

dx
2 orbitals (HOMO-2, 87% metal), a second δ-orbital formed 

by two dxy orbitals (51% metal), and finally a δ* antibonding 

orbital as the HOMO (79% metal). The HOMO has a large s 

orbital contribution to the MO (22% s orbital character vs 20% 

d orbital character) also consistent with previous calculations 

on similar W2 systems.20 This molecular orbital manifold shows 

that the net bond order of this system is four and it is 

consistent with the experimentally observed long W–W 

distance. The electronic spectrum of 3 shows a broad signal 

from 600 to 350 nm (Figure S7) suggesting the availability of 

low-lying excited states.21  

Scheme 1. Synthetic pathway for W2(DippF)2K2 

Figure 2. Molecular orbital diagram plotted at the 0.04 isodensity value for a 

dianionic model of 3. 
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The strong π interactions between the metal and the ligand 

are described pictorially in Figure 4. The π system of each 

DippF ligand yields three orbitals composed of different 

combinations of the NCN pz orbitals, namely a bonding 

combination (all pz orbitals in phase), a non-bonding (no pz 

character in the central C atom) , and an antibonding orbital 

combination (left side of Figure 4, from bottom to top). Since 

there are two DippF ligands, the in-phase and out-of-phase 

interactions of each are expected.  In an idealized D2h 

symmetry each combination has the following Mulliken labels: 

b3g, b1u for bonding, au, b2g for non-bonding and b3g, b1u for 

antibonding. The bonding and nonbonding orbitals are 

occupied, while the antibonding orbital is not.22  

The out-of-phase combinations of the bonding, non-bonding 

and antibonding (b3g, au, and b3g respectively) interact with 

one set of the δ and δ*.  The ligand based antibonding b3g 

interacts with the b3g δ orbital. The empty π* b3g stabilizes the 

delta b3g in a back-bonding interaction. In the potassium salt  

of the deprotonated DippF ligand the carbon-nitrogen 

distances of the NCN π system are 1.312(3) and 1.319(3) Å.23 

When DippF is associated to the ditungsten core, W2,  in 3 

those distances increase to 1.37(3) and 1.36(3) Å, suggesting 

that the b3g antibonding ligand orbital is occupied, and 

consistent with the depicted molecular orbital in Figure 4.24  

Three signals of different intensity were observed in the 

Raman spectrum of 3 (Figure S3). We assigned these vibrations 

with the aid of DFT calculations. Strong signals at 343.7 and 

421.8 cm–1 are attributed to ligands vibrations while a signal 

centered at 299.4 cm–1 corresponds to the tungsten-tungsten 

vibration which is in the range of quadruply bonded systems.13  

To the best of our knowledge, compound 3 is the first example 

of a M2 core with a metal center in the zero oxidation state 

with π-donating ligands. Moreover, the low oxidation state of 

the metal centers makes this an unprecedented electron rich 

metal core. We are currently working on oxidizing 3 to yield 

the W(I)-W(I) analog to those of the Cr2 and Mo2 quintuply 

bonded complexes,5,17,19 as well as exploring its reactivity.  
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Figure 3. Cyclic voltammogram of 1 depicting two reversible redox events and one 

non-reversible oxidation. 

Figure 4. Molecular orbital depicting ligand-metal interactions of compound 3   
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