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Acceptorless Dehydrogenative Cyclization of N-Tosylhydrazones

and Anilines: Dual Role of B(C.F),

Chem. Sci. 2019, 10, 7964-7974

Tris(pentafluorophenyl)borane [B(CF;);] acts as a powerful
Lewis acid catalyst for numerous organic transformations. In
combination with a sterically demanding Lewis base, it forms
Frustrated Lewis-acid Pairs (FLPs), which have recently been
applied for small-molecule activations and metal-free hydro-
genation as well as dehydrogenation reactions. Recently, the
group of Professor Debasis Koley and Professor Biplab Maji
at the Indian Institute of Science Education and Research
(Kolkata, India) described the B(C4F;),-catalyzed cyclization of
N-tosylhydrazones 1 and anilines 2 to form triaryl-1,2,4-tri-
azoles 3 (Scheme 1a), which are essential heterocyclic scaffolds
in pharmaceutical, biological, and materials sciences. Profes-
sor Maji explained: “The work utilizes a unique dual mode of

activation of B(C4Fs);, which initially acts as a Lewis acid to
activate 1 thus triggering its cyclization with 2 (Scheme 1b,
right).” He continued: “Later, the FLP generated from B(CF;),
and 2 acts as a dehydrogenation catalyst to liberate hydrogen
from the saturated triazole intermediate 7 without the need
of an acceptor. The gain in aromaticity drives the dehydrogen-
ation reaction (Scheme 1b, left). The reaction operates at low
loading of catalyst, tolerates several functional groups and can
be extended to unsymmetrical 1,2,4-triazoles when utilizing
two different N-tosylhydrazones.”

Professor Maji remarked that it is highly challenging to de-
sign acceptorless dehydrogenative transformations, even with
transition-metal catalysts, whereas metal-free protocols are
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Scheme 1 a) B(C,F,),-catalyzed dehydrogenative cyclization reaction. b) Probable reaction mechanism for the acceptorless dehyd-

rogenative cyclization reaction.
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Figure 1 Selected examples for the synthesis of symmetrical 1,2,4-triazoles.

elusive. Using B(C4Fs); as a catalyst, Dr. M. M. Guru - one of the
authors - explored the scope of the synthesis of symmetrical
triazoles (Figure 1), where p-toluene sulfonamide (TsNH,) and
hydrogen were obtained as byproducts.

“Expansion of the protocol for the synthesis of unsymme-
trical 1,2,4-triazoles using two different N-tosylhydrazones
was challenging, as the selectivity remained poor after several
trials (Scheme 2a),” said Professor Maji. A competitive equil-
ibrium study was performed with two electronically biased
N-tosylhydrazones (1a vs 1c) with B(CgF;), which afforded the
Lewis acid-base adduct 4a whereas 1c remained unreacted
(4a:1c=1:1) (Scheme 2b). Professor Maji remarked: “Thus, we
realized that the electronic difference might be a crucial factor
for the selectivity of unsymmetrical 1,2,4-triazole formation.
Indeed, we solved the issue by utilizing electronically biased
N-tosylhydrazones which afforded good to excellent yields of
unsymmetrical 1,2,4-triazoles (Scheme 2c).”

He continued: “Moreover, from the Hammett correlation
study performed by varying different electronic groups on the
aryl ring of 2, we determined a small p = -1.17, which plausib-
ly indicates a weak resonance interaction involving a positive
charge at the N-center of aniline in the rate-determining step
(Scheme 2d).”

Professor Koley and co-authors Mr. De and Mr. Dutta per-
formed DFT calculations [B3LYP-D3/TZVP(CPCM)//B3LYP/SVP
level of theory] to investigate the detailed reaction mechan-
ism, the specific role of B(CsF); and the rate-limiting-step
in the reaction, and finally the product distribution for the
unsymmetrical coupling. Professor Koley said: “As per the
experimentally observed equilibrium ratio in Scheme 2b,
the formation of 4a is computed to be more facile than 4c by
ca. 3.0 kcal mol! (Figure 2).” He continued: “Eventually, the
activation barrier for B(CgF;), coordination is 3.6 kcal mol-!
more favorable for the OMe substituent (AA'G,S; Figure 2).
What is more interesting is that the overall energy span for
the formation of 5 is substantially higher for the ClI than the
OMe substituent (42.5 vs. 33.3 kcal mol'), clearly indicating

the preference for 1a to undergo B(C4F;),-assisted intramole-
cular proton transfer in a facile manner. Therefore, when 5aa
couples with another hydrazone unit, the preferred choice
will be the chloro-substituted analogue 1c as most of 1a will
be available in the adduct form 4a.”

As for the potential applications of the triazole products,
the group has recently shown that pyrene-appended triazole-
linked dimers could be applied in solution-processable resis-
tive memory devices on a flexible substrate (Chem. Commun.
2019, 55, 4643).

“In summary, we have developed B(C4F;),-catalyzed
single-pot, acceptorless dehydrogenative cyclization of hydra-
zones with anilines to access both symmetrical and unsym-
metrical 1,2,4-triazoles,” said Professor Maji. He concluded:
“Mechanistic experiments and DFT calculations suggest that
the boron catalyst plays a dual role, initially acting as a Lewis
acid to activate the hydrazone for the nucleophilic attack and
later forming an FLP with aniline for acceptorless dehydrogen-
ation. This chemoselective and mild reaction protocol could
foster further studies and generate further interest in main-
group-catalyzed chemical transformations performed with-
out the use of transition-metal catalysts.”
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a) Challenges associated with selective formation of unsymmetrical 1,2,4-triazole
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Scheme 2 a) Challenges for the synthesis of unsymmetrical 1,2,4-triazoles. b) Equilibrium studies with electronically different

N-tosylhydrazones. c) Selected examples for the synthesis of unsymmetrical 1,2,4-triazoles. d) Hammett analysis.
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Figure 2 Overlaid energy profiles for the formation of unsymmetrical triazole 3aca and symmetrical triazole 3aaa up to the for-
mation of 5. Energy values are concerning the starting materials [1a]c + B(CF;),]. For green solid line, Ar' = p-MeOCH, and Ar? =
p-MeC.H, where for red solid line, Ar' = p-CIC,H, and Ar? = p-MeCH,. All the energy values (AG,°) are in kcal mol-'.
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