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N-Heterocyclic carbenes (NHCs) are now ubiquitous in organo-
metallic chemistry, largely due to their exceptional ability to impact
favorably in many catalytic processksiowever, there are now

several examples illustrating that NHCs are not necessarily an inert

class of ligands, being susceptible to—B activation at the
N-substituentsand reductive eliminatioAMoreover, the precursor

azolium salts are themselves subject to both normal (C2) and

abnormal (C4/5) activatiohCrabtree and Eisenstein have recently
discussed the possibility that C-bound imidazoles such azuld

have some existence in metalloprotein chemistry, where only the

N-bound tautomeR has so far been observed.
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Scheme 1. Formation and Conversion of C- and N-Bound
Tautomers 4 and 5
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IIPrHMey)(PPh),(CO)HCI (Figure 1). Comple® was subsequently
isolated by reaction of Ru(PBB(CO)HCI with IPrLMe, under
slower, lower temperature conditions (THF, %0, 6 days) and
similarly structurally characterized (Figure 1).

While most of the metrics associated with the Ru-ancillary
ligands vary little between the two structures, the expected widening
of the N—~C—N angle (103.91(15)cf. 111.3(2}) and contraction
of the Ru-CO distance (1.884(2) A cf. 1.844(3) A) on going from

Only a single example of this tautomerism (for the parent species 4 to 5 are most apparent. The proximity of H(1a) to Cl(1giand

where R= H) has been reported and involved an acid induced
transformation o to 1.5 We now report the first example of C- to
N-bound tautomerism in which an N-heterocyclic carbene is directly
involved. Moreover, the C-bound 1-isopropyl-4,5-dimethylimidazol-
2-ylidene complex4, Scheme 1) is formed by a remarkable metal
induced C-N bond activation reaction of an isopropyl substituted
NHC precursor. Bothd and the N-bound speci€s have been
isolated and structurally characterized.

Upon reaction of Ru(PRJy(CO)HCI with 2 equiv of IPr,Me,
(1,3-diisopropyl-4,5-dimethylimidazol-2-ylidene, Scheme 1) in THF
at 70°C for 16 h, a mixture of products was formed consisting of
the C—H activated carbene complex RiRiLMe,)'(PPh),(CO)H
3,2 Ru(PPR)3(CO)H,, 4, and 5 in a ratio of ca. 5:3.5:2:1,
respectively’.

Multinuclear 1- and 2-D NMR experiments confirmed tHas
the C-2 bound 1-isopropyl-4,5-dimethylimidazol-2-ylidene complex
Ru(C—I'PrHMe)(PPh),(CO)HCI, resulting from elimination of
propene from one of the NPr groups. ThéH NMR spectrum of
4 displayed a low-field singlet resonance®®.73 for the N-H
proton, which integrated in a 1:1:6:1 ratio with resonanced at
5.43, 0.51, and-14.78 for the methine, methyl, and RuH groups,

H(2) to CI(1) in 5 (H(lay--C(1) 2.41 A, H(2)--Cl(1) 2.49 A)
suggest the presence of hydrogen-bonding interactions, which
contribute to rationalizing the approximate coplanarity of the
heterocyclic ring and the nonphosphine ligands in both structures.
There was no evidence in either case for the presence of the
conformers generated by a T8®tation of the imidazole ring.

When the reaction of Ru(PBBCO)HCI with IPrLMe, was
repeated but under 1 atm ofHione of complexes, 4, or 5 were
formed. As H often reverses the intramolecular-E activation
of NHC ligands®1° this result implies that initial €H cleavage
plays a key role in the €N activation reaction to afford. In
accord with this, whe® was heated (16 h, 7CC) with 1 equiv of
an added “chloride source” (either Ru(RRCO)HCI or (PPN)-
Cl), 4 and5 were formed, along with some Ru(PHHCO)H,.

The propensity of PL,Me; to undergo “direct” C-H activatior?
also appears to be important. In earlier work, we noted that IEt
Me, (1,3-bis(ethyl)-4,5-dimethylimidazol-2-ylidene) is less prone
to C—H cleavage than the isopropyl carbene, requiring the presence
of a sacrificial alkene to accept the released'Hn accord with
this lower reactivity, analogous-N cleavage was not seen when
IEt;Me, was heated with Ru(PRR(CO)HCI, with only the

respectively. The formation of propene was also apparent in the substitution product Ru(IE¥e,)(PPh),(CO)HCI 6 being observed.

proton NMR spectrum. Conclusive evidence 4dveing a carbene

It is worth noting that the only other reported example ofC

containing complex was provided by the appearance of a triplet activation of an NHC ligand, described by Cloke and Caddick

C-2 resonance at 180.6 @Jcp = 15.6 Hz) in thel3C{!H} NMR
spectrum. In contrast, compleXx showed no such signal but
displayed a singlet at 136.5 consistent with the presence of an
imidazole C-H moiety.

Continued heating of the mixture for a total of 5 days (7%
resulted in complete conversion 5o which was shown by X-ray
crystallography to be the tautomeric imidazole compound Ru(N
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following the reaction of'Bu (1,3-bistert-butylimidazol-2-ylidene)
with a low valent Ni precursor, also involves prior-El activation,
although, in this case, the two processes could be followed
sequentiallyt!

To gain an insight into a possible mechanism for the conversion
of 410 5, a series of experiments was carried out on isolated samples
of 4 and observations were made as follows:
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