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We report that the standard electron-reservoir comple}Cle the arene in the presence of aluminum chloride. Upon contact with
(7%-CeMeg)], 1,* can be conveniently used with air to deprotonate a stoichiometric amount df under ambient conditions in THF in
weak acids, via the intermediacy of superoxide radical anipn.O  the presence of ai2H"Cl~ and3HCI~ cleanly give high (virtually
This is exemplified here with the deprotonation of imidazolium quantitative) yields of the soluble carbenes within a few seconds,
salts, generating N-heterocyclic (NHC) carbenes. Imidazoles arevisible by the quick color change from deep-green to yellow. In
universally known for their key roles in metalloenzymes, and their the meantime, the yellow salt*CI~ precipitates. The carbenes
alkylated derivatives, imidazolium salts, have now become popular formed in this way are characterized By and 13C NMR when
ionic liquids used for “Green Chemistry” conditiohBleprotonation these reactions are carried out in Tld§(eq 1).
of these salts has been shown by Arduengo to yield isolable and We know thatl reacts with Q to give the deep-red complex
relatively stable NHCsZ and 3) when the heterocycle nitrogen  [Fe'Cp(;°-CsMesCHy)], 5,17 a base whose conjugated agidPFe~

atoms bear suitable substituefts. has a [, value of 28.2 in DMSCG#8close to that oft-BuOK.
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A renaissance of carbene chemistry has resulted from this dis- However, the reaction 02H*Cl~ and 3HTCIl~ with 1 in the
covery* with that of Bertrand of the stabilization of non-NHC car- presence of air does not give the deep-red color5pfeven
benes, the firstisolated carbertda.particular, NHC carbenes were  transiently, but an off-white solution of the carbene. We also know
introduced in catalysis in the late 90s with olefin metathesis and that the mechanism of the reactionlofvith O, proceeds by electron
hetero-cross-carbetcarbon-coupling reactiorfsThe property of transfer from Feto O, to give the transient intermediate contact
excellent o-donors, nonw-acceptors of these ligands has thus ion pair [F&Cp@®-CeMes), O*7],17 in which the Q*~ aniorigd
brought them to the very forefront of organometallic chemistry and deprotonates a methyl group, yielding the double-bonded exocyclic
catalysis, especially because they can replace phosphines that armethylene. The stoichiometry is 0.25 mol @elding 0.5 mol BO
not environmentally benign. In addition to the key exceptional elec- at room temperature and 0.5 moj} @elding 0.5 mol HO, at—78
tronic properties and very favorable Green Chemistry aspects of °C. Thus, the base that deprotona2éstCl~ and3H*CI~ in THF
NHC carbene ligands, othér§ have shown that they provide re- can be @~ (whose basic properties are enhanced by the fast
markable Grubbs-type, so-called second-generation ruthenium olefindismutation of HQ), after fast metathetic ion exchange between
metathesis catalysts [RuGFCHPh)(bisN-mesityl-NHC)] and their the two contact ion pairs (eq 2):
multiple efficient derivatived? More recently, Nolan has consider-

ably developed the efficiency of a variety of€ and C-N cross- =71t =\ _ <71 I N
coupling reactions (Heck, Suzuki, Stille, Sonogashira, Cefriu &% or| . [ n_N:(N_H. m} {&%CHSCI + [ H-NTN—H ]
Kumada, Niyama, amination) of Pd complexes bearing a single 150 180 .
NHC carbene or 3.1 Gonlact fon pair contacton palt yelow fosprtonston
Usually, the imidazolium salt is utilized in situ, but this does RN ANR (2)

not allow for good control of the metatarbene stoichiometry,
especially because of the duality of complexation modes. Indeed, Alternatively, the deprotonation of the sa®d*CIl~ and3H*CI~
Crabtree has shown that the “normal” symmetrical coordination can be carried out usingj and air under ambient conditions in
mode can switch to another nonsymmetrical carbene coordif&tidén.  various solvents, such as pentane, benzene, toluene, and ether, in
Moreover, Nolan reported in 2004 that these two complexation which these salts are not soluble. Then, the deep-red col&r of
modes can selectively form depending on the reaction conditions immediately appears upon contact with air, and the heterogeneous
and that their reactivity behaviors in catalysis are diffef€nt. deprotonation takes place in about30 min at ambient temper-
Therefore, it is essential to control and optimize the conditions of ature, depending on the solvent (Scheme 1).
deprotonation of imidazolium salts to NHC carbenes viewing the  Indeed, a stoichiometric amount 5flso deprotonatezH+Cl~
central role of these ligands in catalysis. and 3HTCI~ quantitatively in any of these solvents or instanta-
The use ofl with O, provides a clean method for this purpose. neously in THF under ambient conditions, yielding the carbene and
1 is easily available in high yields as greeblack crystals upon the yellow precipitate oL *CI~.
monoelectronic reduction with Na/Hg in THF or glyme at ambient The functionalization of NHC carbenes is useful for the deriva-
temperature of its Pel8-electron monocationic fornl{PFs~ )8 tization of NHC carbene-containing catalysts with organic or
that can be synthesized in large scales upon heating ferrocene withinorganic polymers en route to supported recoverable catalysts; thus
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In conclusion, this study shows the first use of an electron-
the new imidazolium saldH*Cl~ was synthesized (Supporting  reservoir complex and air for clean deprotonation. Efficient
Information). Reaction of-BuOK with 4H*CI~ does not provide  deprotonation of the imidazolium sa#i*Cl~ and3H*CI~ to the
fast deprotonation, but development of a green color correspondingstable carbeneg and 3 best proceeds under ambient conditions
to a green charge-transfer complex (e 8)hose’H NMR peaks using the electron-reservoir compléxand air in a variety of
are close to those of the starting material, and the-Uig spectrum  solvents, whereas the reactionlofiith air to give the basg should
is shown in Figure 1 in the Supporting Information. be carried out in THF before deprotonation4bd*Cl- in order to

e take into account the sensitivity to air of the functional carbéne

FiMes ok Thus, this study is the first one demonstrating thista very useful
© N!‘Me neutral base whose acidic form is removed from the reaction
+ | + e . . - . .
H—NYN—R + o MUK ——= | R=N{ N—R 3) medium (thus recyclable) after deprotonation by precipitation. This
ot cr CI

use of5 is essential, when the deprotonation yields a fragile species,
* Groen charge-ranster compix and can potentially be genera'llze'd to many _other systems.
et glgﬁggguﬂ‘gegfoﬁg%on Nc_>te Adde_d. after ASAP Pgbllcatlon. Productlon error publlsheq
previous revision of Supporting Information March 18, 2006; Editor
We notice that other electron-rich reagents, such as cobaltoceneapproved at acceptance Supporting Information published April 4, 2006.

also give a blue-green charge-transfer complex upon reaction with ~ Supporting Information Available: = Syntheses and NMR spectra
2H*CI~ or 4H*CI- (eq 4; see the UMvis spectrum in the of 2—4 and6, and U\/-vis spectra of the colored charge-transfer products

of donors with4H*Cl~. This material is available free of charge via the
Internet at http://pubs.acs.org.

4H*CI", R = mesityl
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