


similar stoichiometric reaction was performed with the Ni(I)–alkyl
complex 1b (eqn. (4)). Reaction of 1b with a five-fold excess of
alkyl halide indeed led to formation of octane in 90% yield relative
to the nickel starting material. Further stoichiometric experiments
show that addition of 5 equivalents of heptylzinc bromide to1b in
THF led to the formation of tetr adecane as the only observed
organic product in 36% yield relative to nickel.

The results presented above argue against a transmetallation
reaction affording a Ni(II )–dialkyl complex in the catalytic
chemistry involving terpyridyl ligands and are at least consistent
with a possible Ni(I) to Ni( III ) redox pathway to yield alkane.
Catalytic runs with the newly derivatized terpyridyl ligand are
described in Table 1. The simple substitution of tpy with tpy9was
found to dramatically increase the yields of product for both alkyl
bromide and alkyl iodide substrates (entry 1vs.2, and entry 3vs.
4). We argue that the major reasonfor the difference in reactivity

between the tpy and tpy9 metal complexes is the improved
solubility of the t-butyl substituted derivative. The effect of
changing ligand/catalyst loading from 0.05% to 5% was investi-
gated, and it was found that at concentrations¡0.5% the yields of
cross-coupled products were comparable (albeit lower) between
tpy and tpy9 (see Supporting Information{ ). Kickelbick and
Matyjaszewski noted similar solubility effects in the ability of
substituted terpyridines to better control copper mediated atom
transfer radical polymerization reactions over the unsubstituted
ones.14 Interestingly, complex2a is a moderately effective catalyst
for the cross-coupling of alkyl iodides (entry 7), signifying the
conversion of2a to a catalytically active species under the reaction
conditions. More mechanistic studies are needed to unravel the
true details of the catalysis, and access to the well-defined
organometallic terpyridyl complexes reported herein should
further aid in these endeavors.

Finally, we were curious to see if we could prepare a Ni(II )–alkyl
halide complex containing b-hydrogens using the tpy9 ligand.
Reaction of 1-iodo-3-phenylpropane with Ni(COD) 2 and tpy9did
not lead to precipitation of a stable Ni(II )–alkyl halide complex,
but instead led to a decomposition reaction affording the bis-tpy9
complex 4 as the only identifyable nickel species, together with
formation of Ph(CH 2)6Ph in 70% yield, respectively (eqn. (5)).
Although no nickel–alkyl complex could be isolated, this result
points out a possible decomposition pathway available for
catalysts employing terpyridyl ligands.

In conclusion, the isolation of Ni(I)–alkyl and Ni( II )–alkyl halide
complexes facilitated the study ofplausible pathways involved in
cross-coupling reactions involving both alkyl electrophiles and
alkyl nucleophiles. While transmetallation of a terpyridyl Ni( II )–
alkyl halide complex with Ralkyl–ZnBr was found to be
unproductive, the formation of alkane in a catalytic cycle from
addition of an alkyl halide to a Ni( I)–alkyl species still cannot be
ruled out.

ð5Þ

Fig. 1 Left: Partial packing diagram of 1b. Intermolecular spacing 3.72 A� . Right: Partial packing diagram of the cationic core of 2a. Ni…Ni
spacing 3.32 A� .{

Table 1 Catalytic C(sp3)–C(sp3) cross-coupling reactions

Entry Halide Catalyst Yield (%)a

1 Br Ni(COD) 2, tpy 13
2 Br Ni(COD) 2, tpy9 46
3 I Ni(COD) 2, tpy 60
4 I Ni(COD) 2, tpy9 98
5 I 1a 60
6 I 1b 65
7 I 2a 58
8 I 3 76
a Yields based on GC relative to a calibrated internal standard.
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Notes and references
{ Crystal data for 1b (C28H38N3Ni): M 5 475.32 g mol2 1, monoclinic,
space groupP21/c, a 5 11.890(10),b 5 10.947(17),c 5 20.178(19) A� ,
b 5 105.977(6)u, V 5 2525(5) A� 3, Z 5 4, m 5 0.788 mm2 1, Reflections
collected/unique 12750/5826,Rint 5 0.0330,R1 5 0.0597, wR2 5 0.1377 for
[I . 2s(I)], R1 5 0.0775, wR2 5 0.1482 for all data. CCDC 268665. Crystal
data for 2a?(toluene)?(CH2Cl2)2 (C37H50Cl4IN 3Ni): M 5 864.21 g mol2 1,
monoclinic, space groupP21/c, a 5 12.78(2),b 5 17.04(2),c 5 19.13(5) A� ,
b 5 104.82(2)u, V 5 4028(14) A� 3, Z 5 4, m 5 1.542 mm2 1, Reflections
collected/unique 38471/9669,Rint 5 0.0767,R1 5 0.1158, wR2 5 0.2857 for
[I . 2s(I)], R1 5 0.1414, wR2 5 0.3030 for all data. CCDC 268664. See
http://dx.doi.org/10.1039/b504996b for crystallographic data in CIF or
other electronic format.
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