
Subscriber access provided by American Chemical Society

Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036

Communication

Stable, Three-Coordinate Ni(CO)
2

(NHC) (NHC = N-Heterocyclic Carbene)
Complexes Enabling the Determination of Ni−NHC Bond Energies

Reto Dorta, Edwin D. Stevens, Carl D. Hoff, and Steven P. Nolan
J. Am. Chem. Soc., 2003, 125 (35), 10490-10491• DOI: 10.1021/ja0362151 • Publication Date (Web): 08 August 2003

Downloaded from http://pubs.acs.org on March 29, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

• Supporting Information
• Links to the 20 articles that cite this article, as of the time of this article download
• Access to high resolution figures
• Links to articles and content related to this article
• Copyright permission to reproduce figures and/or text from this article

http://pubs.acs.org/doi/full/10.1021/ja0362151


Stable, Three-Coordinate Ni(CO) 2(NHC) (NHC ) N-Heterocyclic Carbene)
Complexes Enabling the Determination of Ni -NHC Bond Energies

Reto Dorta,† Edwin D. Stevens,† Carl D. Hoff,‡ and Steven P. Nolan*,†

Department of Chemistry, UniVersity of New Orleans, New Orleans, Louisiana 70148, and
Department of Chemistry, UniVersity of Miami, Coral Gables, Florida 33124

Received May 19, 2003; E-mail: snolan@uno.edu

Recent developments in the use ofN-heterocyclic carbenes
(NHC) as ancillary ligands in organometallic chemistry and
homogeneous catalysis have drawn attention to this class of
compounds as an attractive alternative to the ubiquitous tertiary
phosphines.1 Several beneficial uses of NHC-modified organo-
metallic systems2 in ruthenium-mediated olefin metathesis,3 iridium-
catalyzed hydrogenation,4 and palladium cross-coupling5 chemistry
are now well recognized. The most frequently encountered NHCs
are presented in Figure 1.

To achieve a deeper understanding of the fundamental steric and
electronic factors characterizing these ligands and to afford a direct
comparison with a large array of tertiary phosphine data,6 we have
carried out a substitution reaction involving NHC ligands with Ni-
(CO)4.7 Treating a hexane solution containing IMes (1) or SIMes
(2) with a slight excess of Ni(CO)4 led to evolution of CO and to
isolation of the off-white complexes Ni(CO)3(IMes) (8) and Ni-
(CO)3(SIMes) (9) in high yield according to eq 1.8,9 The A1 carbonyl
stretching frequency (cm-1) of complexes8 and 9 confirms the
electron richness of the NHC ligands.10

Surprisingly, when the sterically most demanding IAd (6) or
ItBu (7) was reacted with Ni(CO)4, we observed formation of
orange/red solutions.1H and13C NMR spectral data did not permit
unequivocal structural assignment. However, significant infrared
shifts to lower frequencies were observed, indicating a possible
different composition than Ni(CO)3(NHC) for these complexes.
Indeed, elemental analysis data for the orange microcrystalline
materials supported a Ni(CO)2(NHC) stoichiometry. To unambigu-
ously confirm the structure of these products, single crystals of both
complexes were grown by slow evaporation of saturated diethyl
ether (for10) and pentane (for11) solutions. ORTEP diagrams of
Ni(CO)2(IAd) (10) and Ni(CO)2(ItBu) (11) are presented in Figure
2. Both complexes show only slightly distorted trigonal structures
with Ni-C(NHC) bond distances of 1.9528(16) Å (10) and
1.9569(11) Å (11).11

These two complexes, isolated in high yields (88% for10 and
96% for11) according to eq 2, are rare examples of three-coordinate
nickel carbonyl systems.12

To obtain the sought after carbonyl stretching frequencies
associated with Ni(CO)3(IAd) and Ni(CO)3(ItBu), both10 and11
were reacted with CO in a high-pressure FTIR cell.13 Under 1 atm
of CO, no significant amount of Ni(CO)3(NHC) complex is
observed even at low temperature. The Ni(CO)3(NHC) is most

likely inherently unstable with respect to disproportionation.14 Both
complexes,10 and 11, react with CO to produce Ni(CO)4, the
microscopic reverse of eq 2. We reasoned the equilibrium associated
with eq 2 could be investigated to afford thermodynamic parameters
and allow access to the Ni-NHC (NHC ) IAd, I tBu) bond
dissociation energy (BDE). Under equilibrium conditions,15 a
variation of the equilibrium constant can be monitored. Infrared
results for IAd are presented in Figure 3.

The van’t Hoff plot shows a linear relation (R2 ) 0.99) and
provides a∆H of +10.2 ( 0.3 kcal/mol and a∆S of 41( 3 cal/
(mol K) for the equilibrium involving IAd. Using the Ni-CO bond
energy values for the first and second CO dissociation from Ni-
(CO)4,16 a Ni-IAd BDE value of 43( 3 kcal/mol is calculated. A
similar treatment of the ItBu complex leads to a Ni-ItBu BDE value
of 39 ( 3 kcal/mol. The relative BDE values are in accord with
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Ni(CO)4 + NHC f Ni(CO)3(NHC) + CO (1)

Ni(CO)4 + NHC f Ni(CO)2(NHC) + 2CO (2)

Figure 1. Common unsaturated and saturated NHCs.

Figure 2. ORTEP views of Ni(CO)2(IAd) (10, top) and Ni(CO)2(ItBu) (11,
bottom).
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the infrared data that indicate that IAd (A1 νCO for Ni(CO)2(IAd)
) 2007.2 cm-1) is a better electron donor than ItBu (A1 νCO for
Ni(CO)2(ItBu) ) 2009.7 cm-1). On the basis of the Ni-CO BDE
values used in our calculations, the two Ni-NHC BDE values are
estimated to be accurate, in an absolute sense, to(5 kcal/mol.17

These two Ni-NHC BDEs represent the first experimentally
determined report of such values. Noteworthy is the fact that
equilibria are not established between the saturated Ni(CO)3(NHC)
complexes and CO, even at elevated pressures of CO.18 These
different reactivity profiles of Ni(CO)2(NHC) and Ni(CO)3(NHC)
complexes again highlight the very unique nature of complexes10
and11.19

Throughout the recent NHC literature, general statements are
made about the strength of M-NHC bonds, but none have so far
been measured on an absolute basis. Recent accounts of the
M-NHC bond being relatively labile have appeared.20 We suspect
that when sterically bulky NHCs are employed, a significant driving
force leading to dissociation is a relief of steric pressure around
the metal center. This tendency of four-coordinate NiL4 complexes
is well known from the pioneering work of Tolman with phosphine
ligands.6 In the case of the NHC ligands, the presumed Ni(CO)3-
(NHC) (NHC ) IAd, I tBu) complexes also display this tendency.
Loss of CO yields the unsaturated Ni(CO)2(NHC) compounds
shown in Figure 2. Dissociation of IAd (or ItBu) establishes the
reversible equilibrium shown in Figure 3. More detailed investiga-
tions on the reactivity and catalytic uses of complexes10, 11, and
their Ni(CO)3(NHC) congeners are ongoing.
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Figure 3. Temperature variation ofKeq monitored by FTIR.
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