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Owing to the significance of nitrogen-containing molecules, 
the incorporation of nitrogen atoms into organic molecules 
through C–N bond formation is a critically important process 
in organic chemistry. Due to environmental and economic 
 reasons, it is becoming increasingly important to use more 
abundant, readily accessible and economic nitrogen sources. 
“The ideal nitrogenation process – especially from the econ-
omic viewpoint – would involve direct use of dinitrogen (N2) 
as a nitrogen source to construct N-containing organic mole-
cules, thus avoiding traditional processes based on platform 
chemicals such as ammonia or nitric acid,” said Professor 
Zhang-Jie Shi at Fudan University (Shanghai, P. R. of China), 
who continued: “However, direct catalytic transformation of 
dinitrogen (N2) into organic molecules has been a fundamen-
tal challenge, even though it has been established as an effi-
cient method for the synthesis of ammonia.” According to Pro-
fessor Shi, current strategies to prepare different N-containing 
organic compounds are limited to stoichiometric methods, 
despite some striking synthetic cycles having been reported 
(for references see the original article). “A key way forward 
would be to develop efficient systems to enable the use of 
organo-electrophiles compatible with strong reductants.”

Addressing this challenge, Professor Shi’s group chose to 
focus on cheap and easily available alkali or alkaline-earth 
 metals as reductants, and applied aryl halides as electrophiles 
to construct C–N bonds through transition-metal-catalyzed 
C–N coupling. “The use of lithium or magnesium as reduct-
ants for our designed direct nitrogenation is possible thanks 
to their high reactivity toward unreactive dinitrogen. For 
 example, Mg can burn in pure dinitrogen to produce magne-
sium nitride under critical conditions. Lithium nitride (Li3N) 
was also prepared from lithium and dinitrogen at 400–500 
°C,” explained Professor Shi.

“Based on our hypothesis, we began our investigation by 
using direct nitrogenation with o-tolyl bromide (1a) and di-
nitrogen in the presence of Li as the reductant and Pd2(dba)3 
as the catalyst in dioxane. Various ligands were screened, and 
we found that RuPhos was effective in affording the desired 
di(o-tolyl)amine (2a) in 17% isolated yield (Scheme 1a). It is 
import ant to note that the valuable diarylamine was pro-
duced from dinitrogen in a catalytic manner,” said Professor 
Shi. Further optimization efforts failed to improve the yield, 

and the  reduced byproduct toluene was always obtained. 
Professor Shi and co-workers came up with the idea that the 
formation of the desired product proceeded through in situ 
generated Li3N as a key intermediate, followed by a Pd-catal-
yzed C–N coupl ing reaction. While the kinetic reaction rate to 
generate Li3N was rather slow, compared with the Li–halogen 
exchange  between the Li solid and the substrate 1a, toluene 
was produced after the protonation of aryllithium. Rational 
analysis of the data suggested that a one-pot/two-step pro-
tocol could be an alternative approach for dealing with the 
problem. After performing a solid–gas two-phase reaction 
in a vessel containing Li powder under an N2 atmosphere at 
150 °C for four hours, the desired product 2a was obtained in 
87% isolated yield in the subsequent Pd-catalyzed Buchwald– 
Hartwig amination. “It is worth noting that the simple Li3N in-
termediate could be transmetalated with a palladium catalyst 
to construct the N–Csp2 bond. This finding convinced us that 
this chemistry would provide a practical method for the func-
tionalization of nitrogen to synthesize nitrogen-containing 
compounds,” remarked Professor Shi.

Under the conditions employed, diarylamines, triaryl-
amines, carbazole derivatives and pyrroles with different 
functional groups were synthesized (Scheme 1b). Notably, 
this nitrogenation process was compatible with high steric 
hindrance. For example, 2,4,6-diisopropyl-substituted diaryl-
amine could also be synthesized. “With this method, 15N 
isotopes can be easily incorporated into organic molecules. 
We were also able to further expand the substrate scope to 
 dibromobenzenes, for the preparation of structurally diversi-
fied polyanilines, showing great potential for materials che-
mistry applications,” said Professor Shi, who concluded: “A 
one-pot/two-step protocol for direct catalytic nitrogenation, 
relying on the use of dinitrogen as nitrogen source, has been 
developed through Pd catalysis in the presence of Li as reduct-
ant, as described in our paper. This chemistry was shown to 
occur through Li3N as the key platform chemical to construct 
C–N bonds, avoiding the traditional procedures relying on 
N2–NH3/N2–HNO3. However, it should be acknowledged that 
this chemistry still suffers from the use of relatively harsh 
conditions, as well as the use of Li, resulting in the competing 
reduction of substrates. This has spurred us to explore other 
mild reductants and new C-sources, in a further expansion of 
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the synthetic applications of this method for achieving the ca-
talytic functionalization of N2.”

Scheme 1 (a) Direct nitrogenation using dinitrogen (N2) to synthesize di(o-tolyl)amine. (b) Synthetic applications through one-pot/
two-step nitrogenation in this work
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