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The cleavage of the C-N bond of pyridine derivatives is a
challenging task, and the homogeneous, metal-mediated C-N
bond cleavage of pyridines has been accomplished only with a
few, highly reactive early transition metal complexes.1

Bipy and phen have been known for more than one century.
These ligands form very stable, five-membered chelate rings
with transition metals. Complexes containing fac-
Re(CO)3(N-N) (N-N ) bipy or phen) fragments are particu-
larly stable and have been widely used in bioinorganic chem-
istry,2 supramolecular chemistry,3 and catalysis of CO2

reduction4 among other areas. Activation of their bipy or phen
ligands remains very rare,5 and cleavage of their pyridine C-N
bonds is unknown. Herein we disclose an activation of bipy
and phen ligands at Re(CO)3(N-N) fragments which, for the
bipy complex, ends in C-N cleavage of one of the pyridine
rings.

The compound [Re(CO)3(MeIm)(bipy)]OTf (1a) was pre-
pared by reaction of [Re(OTf)(CO)3(bipy)]6 with N-methylimi-
dazole. When 1a was treated with KN(SiMe3)2 in THF at -78°,
a neutral product was formed, as evidenced by shifts in the IR
spectra to lower ν(CO) values, which was too unstable for
isolation. The addition of MeOTf (excess) in CH2Cl2 afforded
a mixture from which the triflate salt 4 could be isolated.

Compound 4 was fully characterized, including an X-ray
structural determination (see Figure 1). The cationic complex
consists of a fac-ReI(CO)3 fragment bonded to the three nitrogen
atoms of a tridentate ligand. The latter can be described as a
central cyclopentadienyl bridgehead group and three different
N-donor arms: an N-methylimidazole, a pyridine, and a dim-
ethylamine. The most striking feature of this structure is the
fact that, in the overall reaction, one of the pyridine rings of
the bipy chelate underwent nitrogen extrusion to afford a 2,4-
cyclopentadienyldimethylamine unit. The facts that no similar
transformation was known, that pyridine C-N bond cleavage
took place under very mild conditions, and that the starting metal
complex is an easily available, very stable species prompted us
to further study this reaction.

Thus, when [Re(CO)3(MesIm)(bipy)]OTf (1c), the mesityl-
imidazole analogue of 1a, was allowed to react with KN(SiMe3)2

(Scheme 1), the neutral product 2c was stable enough for
isolation. The IR showed ν(CO) bands at 2005, 1893, and 1886
cm-1, consistent with the formation of a neutral compound. The
1H and 13C NMR spectra of 2c featured distinct signals for every
nucleus of the bipy moiety and for each of the three methyl
groups of the mesityl substituent. The three carbonyl ligands
appeared also as three singlets in the 13C NMR spectrum. These
features reflect the asymmetry of the molecule of 2c and
therefore indicate that the reaction involved a transformation
of the bipy ligand. The X-ray determination of the structure of

2c (Figure 2a) demonstrated the presence of a bond between
the C(2) carbon of the imidazole moiety and C(3) of bipy. As
a result, the latter has become an sp3-hybridized carbon, and
the aromaticity of the pyridine ring was lost. In solution, this is
reflected in a large upfield shift of three of the signals of the
bipy in 1H NMR (at 4.87, 5.52, and 6.34 ppm) and 13C NMR
(70.1 ppm for the sp3 C). The nitrogen atom adjacent to the
pyridine carbon that underwent the coupling is now part of an
amido ligand. The phenanthroline analogue of 1c,
[Re(CO)3(MesIm)(phen)]OTf (1d), reacted with KN(SiMe3)2 in
a similar way, affording complex 2d, whose spectral features
indicate isostructurality with 2c. The reactions of 2c,d with the
equimolar amounts of MeOTf in CH2Cl2 afforded stable
products 3c,d (Scheme 1), which were spectroscopically char-
acterized; in addition, the structure of 3d was determined by
X-ray diffraction (Figure 2b). The results showed that methy-
lation at nitrogen transformed the amido-like nitrogen of 2c,d
into an amine ligand in the cationic complexes of 3c,d.
Compounds 3c,d did not further react with MeOTf.

In view of the results with the mesitylimidazole complexes
discussed above, we returned our attention to the transformation
from 1a to 4, trying to find out if species akin to 2c and 3c

Figure 1. Molecular structure of the cation present in 4.

Figure 2. Molecular structure of 2c (a) and the cation of 3d (b).

Published on Web 04/09/2008

10.1021/ja801655d CCC: $40.75  2008 American Chemical Society5662 9 J. AM. CHEM. SOC. 2008, 130, 5662–5663



could be involved as intermediates. The putative neutral product
of the deprotonation of 1a displayed IR ν(CO) bands (2005,
1892, and 1884 cm-1) almost identical to those of 2c.
Furthermore, its 1H NMR spectrum displayed three signals in
the range of 4.96-5.53 ppm, attributable to the dearomatized
bipy hydrogens, very similar to those observed for 2c (see
above). As mentioned before, reaction of the methylimidazole-
derived intermediate 2a with MeOTf produced 4. Using a single
equivalent of MeOTf did not allow the isolation of a stable
product. However, when the analogue methylimidazole phen
complex [Re(CO)3(MeIm)(phen)]OTf (1b) was deprotonated
and the resulting intermediate was treated with MeOTf, the
monomethylated compound 3b could be isolated. Its spectro-
scopic characterization indicated a structure like those of 3c,d.
Compound 3b did not react with a second equivalent of MeOTf,
suggesting that the central aromatic ring of phen is an obstacle
for the rearrangement that ends in nitrogen extrusion.

The results discussed above suggest that the latter step in
the transformation from the N-methylimidazole bipyridine
compound 1a to the N-extruded compound 4 is a second at-
nitrogen methylation of a compound like 3c. In the absence of
mechanistic evidence, Scheme 2 shows a rationale for the
observed transformation.

In the previously known C-N activation processes referred
to in the introductory paragraph, the initial coordination of
pyridine in a κ2(C,N) fashion to the early transition metal center
disrupts pyridine aromaticity. In contrast, in our system, pyridine
dearomatization, along with generation of a highly nucleophilic
amido nitrogen (which will undergo subsequent methylation),
results from intramolecular attack of the carbeniate anion
generated by deprotonation of the imidazole ligand.

The C-C coupling between the C-deprotonated imidazole
and bipy stands in contrast with the reactivity reported in 2007
by Ruiz and Perandones.7 These authors found that deprotona-
tion of N-alkylimidazoles in Mn(CO)3(bipy) complexes similar
to 1a afforded, after subsequent reprotonation, a C-coordinated
N-heterocyclic carbene ligand. Our findings show that moving
from manganese to rhenium results in that the putative carbeniate
intermediate would attack the adjacent bipy or phen ligand,
presumably because the cleavage of the Re-N bond is more
difficult than that of Mn-N.

In summary, we have found that treatment of
[Re(CO)3(MeIm)(bipy)]OTf (1a) with the base KN(SiMe3)2

deprotonates the imidazole C2-H, and the so formed carbeniate
attacks C3 of the bipyridine ligand. The consequence is the loss
of aromaticity of the affected ring, which becomes an amide
ligand. Two successive methylations of the latter cleave the
C-N bonds of the ring, resulting in formation of an N-ligated
cyclopentadienyldimethylamine group. Since fac-
Re(CO)3(N-N) fragments are usually very inert, these results
lead us to think that carbeniates similarly generated by depro-
tonation of an N-alkylimidazole ligand could be used for
coupling reactions with electrophilic ligands other than bipy and
phen. Studies along this line are currently underway in our
laboratory and will be reported in due course.
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Rúa and Dr. Ignacio del Rı́o for help with X-ray work.

Supporting Information Available: Crystallographic data of
2c, 3d, and 4 and synthesis of 1-4. This material is available free
of charge via the Internet at http://pubs.acs.org.

References
(1) (a) Bailey, B. C.; Fan, H.; Huffman, J. C.; Baik, M.-H.; Mindiola, D. J.

J. Am. Chem. Soc. 2006, 128, 6798–6799. (b) Pool, J. A.; Scott, B. L.;
Kiplinger, J. L. Chem. Commun. 2005, 2591–2593. (c) Bonanno, J. B.; Veige,
A. S.; Wolczanski, P. T.; Lobkowski, E. B. Inorg. Chim. Acta 2003, 345,
173–184. (d) Kleckley, T. S.; Bennet, J. L.; Wolczanski, P. T.; Lobkowski,
E. B. J. Am. Chem. Soc. 1997, 119, 247–248. (e) Gray, S. D.; Weller, K. J.;
Bruck, M. A.; Briggs, P. M.; Wigley, D. E. J. Am. Chem. Soc. 1995, 117,
10678–10693. (f) Gray, S. D.; Smith, P. D.; Bruck, M. A.; Wigley, D. E.
J. Am. Chem. Soc. 1992, 114, 5462–5463. (g) Strickler, J. R.; Bruck, M. A.;
Wigley, D. A. J. Am. Chem. Soc. 1990, 112, 2814–2816. (h) Lane, R. M.;
Thomas, D. W.; Cary, L. W. J. Org. Chem. 1979, 44, 4964–4966.

(2) (a) Ishikita, H.; Soudackov, A. V.; Hammes-Schiffer, S. J. Am. Chem. Soc.
2007, 129, 11146–11152. (b) Reece, S. Y.; Seyedsayamdost, M. R.; Stubbe,
J.; Nocera, D. G. J. Am. Chem. Soc. 2006, 128, 13654–13655. (c)
Gabrielsson, A.; Hartl, F.; Zhang, H.; Lindsay Smith, J. R.; Towrie, M.;
Vlcek, A., Jr.; Perutz, R. N. J. Am. Chem. Soc. 2006, 128, 4253–4266. (d)
Belliston-Bittner, W.; Dunn, A. R.; Nguyen, Y. H. L.; Stuehr, D. J.; Winkler,
J. R.; Gray, H. B. J. Am. Chem. Soc. 2005, 127, 15907–15915.

(3) (a) Deye, J. R.; Shiveley, A. N.; Goins, S. M.; Rizzo, L.; Oehrle, S. A.;
Walters, K. A. Inorg. Chem. 2008, 47, 23–25. (b) Uppadine, L. H.; Keene,
F. R.; Beer, P. D. Dalton Trans. 2001, 2188–2198. (c) Ashton, P. R.; Balzani,
V.; Kocian, O.; Prodi, L.; Spencer, N.; Stoddart, J. F. J. Am. Chem. Soc.
1998, 120, 11190–11191. (d) MacQueen, D. B.; Schanze, K. S. J. Am. Chem.
Soc. 1991, 113, 6108–10.

(4) (a) Hayashi, Y.; Kita, S.; Brunschwig, B. S.; Fujita, E. J. Am. Chem. Soc.
2003, 125, 11976–11987. (b) Koike, K.; Okoshi, N.; Hori, H.; Takeuchi,
K.; Ishitani, O.; Tsubaki, H.; Clark, I. P.; George, M. W.; Johnson, F. P. A.;
Turner, J. J. J. Am. Chem. Soc. 2002, 124, 11448–11455. (c) Johnson,
F. P. A.; George, M. W. W.; Hartl, F.; Turner, J. J. Organometallics 1996,
15, 3374–3387. (d) Kutal, C.; Corbin, A. J.; Ferraudi, G. Organometallics
1987, 6, 553–557. (e) Sullivan, B. P.; Bolinger, C. M.; Conrad, D.; Vining,
W. J.; Meyer, T. J. J. Chem. Soc., Chem. Commun. 1985, 1414–1416.

(5) (a) Cuesta, L.; Hevia, E.; Morales, D.; Pérez, J.; Riera, V.; Rodrı́guez, E.;
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