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Acceptorless Dehydrogenative Coupling Using Ammonia: Direct
Synthesis of N-Heteroaromatics from Diols Catalyzed by Ruthenium

J. Am. Chem. Soc. 2018, 140, 11931-11934

Acceptorless dehydrogenative coupling (ADC) reactions in-
volve dehydrogenation, with generation of hydrogen gas, of
various substrates, followed by coupling of the dehydrogen-
ated intermediate with another substrate to form a value-
added product. Many of these reactions form the basis for
efficient, sustainable and environmentally benign (‘green’)
synthetic methodologies.

The group of Professor David Milstein at the Weizman In-
stitute of Science (Rehovot, Israel) focuses on the design and
development of ADC reactions for green organic transfor-
mations catalyzed by special pincer-based metal complexes.
These complexes can activate chemical bonds by metal-ligand
cooperation, in which both the metal and the ligand attached
to it undergo bond-making and bond-breaking. The develop-
ment of practical, green, and atom-economical processes for
the synthesis of value-added products using cheaper, greener
and sustainable methodologies is highly desirable. “Ammo-
nia is the simplest, reactive molecule employed as a nitrogen
source in the synthesis of organo-nitrogen compounds,” said
Prof. Milstein, continuing: “However, the direct use of am-
monia in acceptorless dehydrogenative coupling reactions is
challenging, due to several issues; ammonia is an excellent
ligand for many metals and can coordinatively saturate the
metal complex catalyst, retarding binding of the organic reac-

tant. Also, ADC reactions are often driven by the efficient re-
moval of the generated H, using an open system, which poses
an obvious problem when ammonia gas has to be used under
pressure.”

In 2008, the direct homogeneous catalytic selective amin-
ation of primary alcohols to form primary amines using am-
monia, catalyzed by an acridine-based Ru pincer complex,
was reported by the Milstein group (Scheme 1, A). This fin-
ding, along with the subsequent discoveries of more catalysts,
has established this particular reaction as a valuable synthetic
method. Professor Milstein added: “However, we wanted to
see if it was possible to synthesize N-heteroaromatic mole-
cules by direct use of ammonia as the only nitrogen source
in a dehydrogenative coupling reaction.” Indeed, using diols,
this goal was accomplished: several pyrazine derivatives were
efficiently and selectively synthesized from 1,2-diols and am-
monia (Scheme 1, B). Moreover, N-substituted pyrroles were
synthesized by a three-component reaction involving the
dehydrogenative coupling of 1,4-diols with primary alcohols
and ammonia (Scheme 1, C). “In both reactions, gaseous am-
monia is the source of nitrogen, and the catalyst is an acridine-
based ruthenium pincer complex, with no additives, such as
base or oxidant, being required,” explained Professor Milstein.
He continued: “Analysis of the gas phase of both reactions by
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Scheme 1 Acceptorless dehydrogenative coupling reactions using ammonia
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Scheme 2 Proposed mechanism for N-heteroaromatic compound formation from diols and ammonia

gas chromatography shows formation of H,. It was observed
that linear primary alcohols such as 1-hexanol and 1-pen-
tanol are more efficient than benzyl alcohol derivatives in the
synthesis of the N-substituted pyrroles. Mechanistically, it is
proposed that both reactions involve a sequence of alcohol
amination, alcohol dehydrogenation, and keto-amine con-
densation, yielding the N-heteroaromatic product (Scheme
2). The acridine-based PNP-pincer ligand plays a vital role in
these transformations, generating the active complex bearing
an anionic dearomatized PNP-pincer ligand framework.”

Professor Milstein concluded: “We believe that these dis-
coveries provide a new approach towards the green synthesis
of heteroaromatics in one step via acceptorless dehydrogena-
tive coupling by direct use of ammonia. In addition, we would
like to expand the direct use of ammonia to other transforma-
tions involving dehydrogenative coupling reactions.”
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