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Efficient construction of carbon–carbon double bonds is a 
central subject in synthetic chemistry. The direct reductive 
coupling of naturally ubiquitous carbonyl compounds offers 
a tremendous synthetic potential for the synthesis of olefins, 
yet the catalytic carbonyl cross-coupling reaction remains 
large ly elusive.

Recently, a new paper describing an innovative 
ruthenium(II)-catalyzed, hydrazine-mediated olefination 
reaction via direct carbonyl reductive cross-coupling was 
pub lished by the group of Professor Chao-Jun Li at McGill 
University (Montreal, Canada). Professor Li explained: “From 

the sustainability point of view, carbonyl cross-coupling re-
presents an ideal strategy to access olefins because naturally 
wide spread carbonyl functional groups are generally regard-
ed as renewable feedstocks. As a proof of principle, we have 
devel oped a new and efficient catalytic method for olefin 
synthesis, which possesses a distinct mechanistic profile and 
highlights the use of abundant carbonyl functional groups.”

“Considering the state-of-the-art in this field, the well-
known McMurry reaction enables direct reductive homo- 
couplings of carbonyl compounds to access olefins by employ-
ing stoichiometric amounts of low-valent titanium reagents 
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Scheme 1 Ruthenium(II)-catalyzed olefination via carbonyl reductive cross-coupling
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and strong metal reductants (e.g. LiAIH4 and alkali metals),” 
said Professor Li (for references, see the original Chem. Sci. 
article). He added: “Although the issue of selective cross- 
couplings of two unsymmetrical carbonyl compounds has 
been addressed, three challenges still remain: (1) the use of 
stoichiometric quantities of metal wastes accompanied by 
excessive amounts of metal-based reagents, (2) poor chemo-
selectivity and (3) unsatisfactory functional group tolerance.”

“Our catalytic method not only enables facile and selective 
cross-couplings of two unsymmetrical carbonyl compounds 
in either an intermolecular or intramolecular fashion but also 
features good functional group tolerance. Furthermore, the 
reaction generates nitrogen and water as the only environ-
mentally benign stoichiometric by-products,” explained Pro-
fessor Li. He continued: “This new ruthenium(II)-catalyzed 
chemistry accommodates a variety of substrates and proceeds 
under mild reaction conditions. Specifically, this chemistry 
covers a broad spectrum of nucleophilic or electrophilic car-
bonyl coupling partners, regardless of their electronic nature. 
The intramolecular olefination also proceeds smoothly in the 
present reaction system. Notably, functional groups that are 
commonly incompatible with traditional carbonyl olefination 
approaches, such as unprotected alcohols, esters, and amides, 
are well tolerated in this chemistry and potentially amenable 
to further functionalization.”

“Very recently, we have disclosed a novel ruthenium- 
catalyzed deoxygenation chemistry for the highly selective and 
efficient cleavage of aliphatic primary C–O bonds in complex 
organic molecules (J. Am. Chem. Soc. 2016, 138, 5433; also Ir-
catalyzed, see: Eur. J. Org. Chem. 2013, 6496). Capital izing on 

the proposed intermediate A, its coupling with  another car-
bonyl molecule was conceived for C–C bond formation via a 
six-membered chair-like cyclic transition state B (alteratively, 
B′ with the loss of HCl). Upon its further  rearrangement, a 
wide range of sec- and tert-alcohols were readily obtained 
by the protonation of C (Nat. Chem. 2016, 9, 374). Diverging 
from C, we conjectured that the olefin production might also 
be feasible through an elimination pathway. In fact, this hypo-
thesis gained further support from a few literature precedents 
of metalloazines in the late 80’s. In these papers, Schwartz 
and co-workers reported the use of metalloazines as stoichi-
ometric reagents for carbon–carbon double bond formation 
(for references, see the original Chem. Sci. article),” said Pro-
fessor Li. He continued: “The base plays an important role in 
a  series of hydrazone-based processes developed recently in 
our lab. While a weak base (e.g. K3PO4) generally works better 
for carbonyl addition, imine addition and Michael reactions 
employing aromatic carbonyl substrates (for references, see 
the original Chem. Sci. article), a strong base (e.g. KOt-Bu) is 
required to trigger olefination reactions when aliphatic car-
bonyl counterparts are involved as hydrazone precursors.”

The group performed further experiments to shed light 
on the mechanistic details of this reaction, which turned out 
to be an E1cB-type process. “Our control experiments indi-
cated that metal-assisted decomposition of the corresponding 
asymmetric azine and base-mediated elimination of the cor-
responding alcohol should not be involved in the present reac-
tion system, because none of the olefin products was detected 
in either case,” said Professor Li.

Scheme 2 Design principle for olefination via catalytic carbonyl reductive cross-coupling
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He concluded: “Olefins are ubiquitous chemicals in areas 
such as materials science, as well as vitally important sub-
strates for the chemical and pharmaceutical industry; there-
fore, we hope that both academia and industry will take ad-
vantage of this new catalytic approach to synthesize olefins 
directly from simple and naturally abundant carbonyl com-
pounds. This chemistry possesses a distinct mechanistic pro-
file and has the advantages of cross-coupling capability, mild 
reaction conditions, good functional group tolerance and 
stoichiometric benign by-products. Taken together, our find-
ings are expected to spur more interest in developing catalytic 
methods in this field.”

Scheme 3  Control experiments for the olefin formation
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