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Divergent oriented synthesis of 2H-1,2,3-triazoles
via rearrangement of furoxanylhydrazones
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Base- and thermally induced rearrangements of readily
available furoxanylhydrazones were investigated. Variation
of reaction conditions enables a preparation of structurally
diverse functionally substituted 2H-1,2,3-triazoles from the
same starting materials.
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Nitrogen heterocycles are the most frequently occurred
structural motifs in various pharmaceuticals and promising
drug candidates.! According to the U.S. FDA database, >59%
of clinically used small-molecule medicines incorporate a
nitrogen heterocycle subunit.2 However, the construction of
individual pharmaceutical scaffolds using known synthetic
methodologies often involves multi-step and energy-consuming
procedures or suffers from a lack of reproducibility and
scalability. Therefore, a creation of novel step-economy protocols
for the assembly of various nitrogen-containing heterocyclic
scaffolds remains highly urgent.3

In a broad series of nitrogen heterocycles, 1,2,3-triazoles have
been known as a desired aim in click chemistry featuring
exquisite selectivity and bioorthogonality.* Moreover, 1,2,3-tri-
azoles find myriad applications as approved pharmaceuticals or
promising drug candidates with a broad range of biological
activities,® effective inhibitors of the corrosion process of metals
or their alloys,® components of functionalized polymeric
materials’ or high-energy substances.® Closely related 2H-1,2,3-
triazole 1-oxides are far less explored in spite of their structural
similarity. Recently, our team created a novel, environmentally
benign strategy for the electrooxidative formation of
1,2,3-triazole 1-oxides.® Taking into account the presence of the
N-oxide moiety, 1,2,3-triazole 1-oxides may provide not only
useful insights into the development of novel functional organic
materials,® but also serve as exogenous nitric oxide (NO) donors
for various biomedical applications.!! Therefore, the development
of diverse synthetic protocols for an assembly of 2H-1,2,3-
triazole and their N-oxides remains desired.

Previously, it was shown, that 2H-1,2,3-triazoles can be
prepared from other functionally substituted heterocycles
through a so-called azole-to-azole interconversion. To
accomplish this rearrangement, the initial azole has to contain a
ring-conjugated side chain reacting as a nucleophile (eg.,
hydrazone moiety) toward the pivotal annular nitrogen atom in
the S\-type reaction followed by a cleavage of the adjacent bond
to form a new azole [Scheme 1(a)].12 There is a single example
of the preparation of 5-acetyl-2,4-diphenyl-2H-1,2,3-triazole via
base-induced rearrangement of the corresponding furoxanyl-
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hydrazone followed by one-pot Nef reaction [Scheme 1(b)].1®
However, the described synthetic procedure required harsh
reaction conditions and exhaustive preparative TLC purification,
which is rather inconvenient. Herein, we present divergent
oriented synthesis of 2H-1,2,3-triazoles and their 1-oxides via
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(c) Divergent oriented synthesis of 2H-1,2,3-triazoles
from furoxanylhydrazones
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Table 1 Optimization of the synthesis of 2H-1,2,3-triazole 2a.2

Entry Base Solvent Yield of 2a (%)°
1 NaOH MeOH 4
2 K,CO4 DMF 4
3 K,CO3 MeCN 10
4 MeONa MeOH 15
5 Cs,CO;, MeCN 18
6 CsF MeCN 13
7 NaHMDS THF -c
8 NaH THF -¢
9 DBU MeCN 20

10 DABCO MeCN 21

11 DABCO dioxane 11

12 Py —d e

13 DMAP MeCN 11

aReaction conditions: furoxanylhydrazone 1a (0.5 mmol), base (0.5 mmol),
solvent (2.5 ml), reflux for 2-24 h. Plsolated yields. ®Trace amounts of 2a
were detected by TLC. 9Neat reaction.

rearrangement  of
[Scheme 1(c)].
Our investigations toward rearrangement of furoxanyl-
hydrazones started from the optimization of the reaction conditions.
Hydrazone 1a was used as a suitable substrate and various bases
and solvents were screened (Scheme 2, Table 1). Since the reaction
did not proceed at temperatures below 50 °C, all experiments were
performed under reflux. It was found that utilization of common
inorganic bases (NaOH, K,CO,) in different solvents resulted in
low yields of 2H-1,2,3-triazole 2a (entries 1-3). Rearrangement of
substrate 1a promoted by MeONa, Cs,CO; or CsF provided
somewhat better yields of the product 2a (entries 4-6), while
utilization of NaHMDS or NaH gave only trace amounts of 2a
(entries 7, 8). Strong sterically hindered organic bases (DBU,
DABCO) also provided 2H-1,2,3-triazole 2a (entries 9-11) and
the highest yield of 2a (21%) was achieved upon conducting the
reaction in MeCN (entry 10). Pyridine and DMAP were less
efficient (entries 12, 13). Thus, optimal conditions for the synthesis
of 2a were utilization of DABCO in refluxing MeCN (entry 10).
Under optimized conditions, substrate scope for base-induced
rearrangement of furoxanylhydrazones 1 was studied. It was
found that hydrazones la—f bearing aryl fragment at the
hydrazone moiety underwent rearrangement affording target

readily available furoxanylhydrazones
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Figure 1 Molecular structures of compounds (a) 2a and (b) 3 with atoms
shown as thermal ellipsoids at 50% probability level.

2H-1,2,3-triazoles 2a—f in fair yields. At the same time, an
introduction of hydrazone 1g incorporating benzyl motif gave
unexpectedly azine 3 as a sole reaction product (Scheme 3).
Arguably, in this case aerobic oxidation of the substrate 1g is a
favorable process due to the formation of a prolonged conjugated
system in azine 3. On the other hand, conducting rearrangement
of hydrazone 1g in argon atmosphere led to azine 3 in a very low
yield (3%) and no other products were detected, which may serve
as evidence for aerial oxidation of the substrate 1g. It should also
be noted that the studied reaction showed good scalability and
conducting rearrangement of hydrazone la on 5 mmol scale
resulted in almost the same yield of 1,2,3-triazole 2a (20%). All
compounds were characterized by NMR spectroscopy and high-
resolution mass spectrometry. The conclusive data on the
structures of 2H-1,2,3-triazole 2a and azine 3 were obtained by
the single-crystal X-ray diffraction study (Figure 1; for details,
see Online Supplementary Materials).

Interestingly, upon prolonged heating in o-xylene in the
absence of any bases furoxanylhydrazones 1 underwent a similar
rearrangement, albeit resulting in a formation of 2H-1,2,3-
triazole 1-oxides 4 (Scheme 4). Although large amounts of
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T Crystal data for 2a. C;oHgN3O (M, = 187.20), triclinic, space group
P1,a=5.6693(3),b = 7.2303(3)and c = 11.6096(5) A,V = 443.38(4) A3,
Z=2, d,=1402gcm=3, absorption coefficient: 0.096 mm,
F(000) = 196, the final R=0.0535, wR=0.1129 for 2404 observed
reflections with | > 20 (1).

Crystal data for 3. Cq;H;gN,O, (M, =230.23), monoclinic, space
group P2,/n, a=6.9334(2), b=12.2596(4) and c=12.9102(4) A,
V =1070.43(6) A3, Z=4, d,=1.429gcm=3, absorption coefficient:
0.858 mm!, F(000) = 480, the final R=0.0346, wR = 0.0982 for 4147
observed reflections with | > 25(1).

X-ray diffraction data in both experiments were collected at 100 K on a
Bruker Quest D8 diffractometer equipped with a Photon-111 area-detector
(graphite monochromator, shutterless ¢- and w-scan technique), using
MoK ,-radiation. The intensity data were integrated by the SAINT program*
and corrected for absorption and decay using SADABS.® The structure was
solved by direct methods using SHELXT® and refined on F? using
SHELXL-2018.17 All non-hydrogen atoms were refined with anisotropic
displacement parameters. Hydrogen atoms were placed in ideal calculated
positions and refined as riding atoms with relative isotropic displacement
parameters. The SHELXTL program suite!* was used for molecular graphics.

Crystal data and structure refinement parameters are given in Online
Supplementary Materials.

CCDC 2287317 (2a) and 2289518 (3) contain the supplementary
crystallographic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
http://www.ccdc.cam.ac.uk.
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Scheme 5

starting material decomposed under these conditions, we were
able to isolate 2H-1,2,3-triazole 1-oxides 4 bearing a (hydroxy-
imino)ethyl moiety at the C(5) position of the heterocyclic ring.

Plausible mechanisms of both studied base- and thermally-
induced rearrangements of furoxanylhydrazones are outlined in
Scheme 5. Substrate 1 undergoes deprotonation under the action
of a strong base and thus generated nitrogen-centered anion 5
rearranges into the 2H-1,2,3-triazole 6 via azole-to-azole
interconversion. Subsequent Nef reaction furnishes the formation
of acetyl-1,2,3-triazoles 2. In the case of thermal rearrangement,
it is known that the furoxan ring is capable of thermal ring
cleavage at elevated temperatures (>110 °C) to generate unstable
dinitrosoethylene intermediate, which may undergo cyclization
to another furoxan regioisomer. This feature is usually applied to
regulate ratios of furoxan regioisomers.’® However, there are a
few reports on trapping dinitrosoethylene intermediates to form
structurally diverse nitrogen-containing species.!® In our case,
we suppose that upon heating in o-xylene furoxanylhydrazones
1 generate dinitrosoethylene intermediates 7 and hydrazone
moiety is served as a nucleophilic trap for a closer nitroso group
resulting in the formation of 2H-1,2,3-triazole 1-oxides 4.

In conclusion, divergent oriented synthesis of 2H-1,2,3-triazoles
and their 1-oxides via rearrangement of readily available
furoxanylhydrazones was realized. It was shown that base-induced
rearrangement of furoxanylhydrazones provided a direct access to
acetyl-2H-1,2,3-triazoles, while thermal rearrangement of the
same substrates gave (hydroxyimino)ethyl-2H-1,2,3-triazole
1-oxides, albeit in low yields. These results supplement known
approaches in azole-to-azole interconversions to increase the
availability of functionally substituted polynitrogen heterocycles.

Crystal structure determination was performed in the
Department of Structural Studies of Zelinsky Institute of Organic
Chemistry, Moscow.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2023.10.008.
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