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Recent developments in the use Nfheterocyclic carbenes R

AN AN
(NHC) as ancillary ligands in organometallic chemistry and L= N\/:/N oA NC/N R
homogeneous catalysis have drawn attention to this class of =
compounds as an attractive alternative to the ubiquitous tertiary

; . o R L L

phosphined. Several beneficial uses of NHC-modified organo- 2.4,6-trimethylphenyl IMes (1) SIMes (2)
metallic systeni&in ruthenium-mediated olefin metathe3isidium- 2,6-diisopropyl IPr 3) SIPr (4)
catalyzed hydrogenatichand palladium cross-couplihghemistry cyclohexyl ICy (5)
are now well recognized. The most frequently encountered NHCs adamantyl 1Ad (6)
are presented in Figure 1. tert-butyl I'Bu (7)

To achieve a deeper understanding of the fundamental steric andFigure 1. Common unsaturated and saturated NHCs.
electronic factors characterizing these ligands and to afford a direct
comparison with a large array of tertiary phosphine date, have
carried out a substitution reaction involving NHC ligands with Ni-
(CO),.” Treating a hexane solution containing IMd3 ¢r SIMes
(2) with a slight excess of Ni(CQ)ed to evolution of CO and to
isolation of the off-white complexes Ni(Cgf)Mes) (8) and Ni-
(COX(SIMes) Q) in high yield according to eq &2 The A; carbonyl
stretching frequency (cm) of complexes8 and 9 confirms the
electron richness of the NHC liganés.

Ni(CO), + NHC — Ni(CO)(NHC) + CO (1)

Surprisingly, when the sterically most demanding 1A8) 6r
I'Bu (7) was reacted with Ni(CQ) we observed formation of
orange/red solutiondH and3C 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(CQNHC) for these complexes.
Indeed, elemental analysis data for the orange microcrystalline
materials supported a Ni(C&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 (fot1) solutions. ORTEP diagrams of Figure 2. ORTEP views of Ni(COXIAd) (10, top) and Ni(COYI'Bu) (11,
Ni(CO),(IAd) (10) and Ni(COX(I'Bu) (11) are presented in Figure  pottom).
2. Both complexes show only slightly distorted trigonal structures

with Ni—C(NHC) bond distances of 1.9528(16) A(Q) and likely inherently unstable with respect to disproportionafibBoth
1.9569(11) A (1).1* . L . complexes,10 and 11, react with CO to produce Ni(CQ)the
These two complexes, isolated in high yields (88%X0rand  icroscopic reverse of eq 2. We reasoned the equilibrium associated
96% for11) according to eq 2, are rare examples of three-coordinate ity eq 2 could be investigated to afford thermodynamic parameters
nickel carbonyl systems. and allow access to the NNHC (NHC = IAd, I'Bu) bond
. . dissociation energy (BDE). Under equilibrium conditidhsa
Ni(CO), + NHC = Ni(CO),(NHC) + 2CO @) variation of the equilibrium constant can be monitored. Infrared

. ) . results for IAd are presented in Figure 3.
To obtain the sought after carbonyl stretching frequencies 4 van't Hoff plot shows a linear relatiorR{ = 0.99) and

associated W'th_ N'(CQ_OIAd) _and Ni(CO)(I'Bu), both10 and11 provides aAH of +10.2+ 0.3 kcal/mol and a\S of 41+ 3 cal/
were reacted with CO in a high-pressure FTIR &linder 1 atm (5| k) for the equilibrium involving 1Ad. Using the NiCO bond
of CO, no significant amount of N'(CQN_HC) complex 1S energy values for the first and second CO dissociation from Ni-
observed even at low temperature. The Ni(&RHC) is most (CO),,'% a Ni—IAd BDE value of 434 3 kcal/mol is calculated. A

t University of New Orleans. similar treatment of theéBu complex leads to a Nil'Bu BDE value

* University of Miami. of 39 + 3 kcal/mol. The relative BDE values are in accord with
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Ni(CO), + IAd == Ni(CO),(IAd) +2 CO
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Figure 3. Temperature variation dfeq monitored by FTIR.

the infrared data that indicate that |Ad {Aco for Ni(CO),(I1Ad)

= 2007.2 cm?) is a better electron donor thaiBu (A; vco for
Ni(CO),(I'Bu) = 2009.7 cm?). On the basis of the NiCO BDE
values used in our calculations, the two-NNHC BDE values are
estimated to be accurate, in an absolute sensg¢5té&cal/molt’
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 N§GIBIC)
complexes and CO, even at elevated pressures oféCDese
different reactivity profiles of Ni(CQYNHC) and Ni(CO)}(NHC)
complexes again highlight the very unique nature of compléges
and11.1°

Throughout the recent NHC literature, general statements are

made about the strength of MNHC bonds, but none have so far

been measured on an absolute basis. Recent accounts of the

M—NHC bond being relatively labile have appeaf@tive 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 ;ibmplexes

is well known from the pioneering work of Tolman with phosphine
ligands® In the case of the NHC ligands, the presumed Ni(§£0)
(NHC) (NHC = IAd, I'Bu) complexes also display this tendency.
Loss of CO vyields the unsaturated Ni(GOYJHC) compounds
shown in Figure 2. Dissociation of IAd (ofBlu) establishes the
reversible equilibrium shown in Figure 3. More detailed investiga-
tions on the reactivity and catalytic uses of complex@sl1, and
their Ni(CO)(NHC) congeners are ongoing.
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