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The single-step synthesis of fused tricyclic pyridazino[1,2-a]indazolium ring systems is described. Structural details revealed by crystallography
explain the unexpected reactivity. The method is applied to the gram scale synthesis of nigeglanine hydrobromide.

Indazole derivatives are a versatile class of compounds
that have found use in biology, catalysis, and medicinal
chemistry.! Although rare in nature,” indazoles exhibit a
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variety of biological activities such as HIV protease
inhibition,* antiarrhythmic and analgesic activities,* anti-
tumor activity,” and antihypertensive properties.® Indazo-
lium ions have found additional uses as precursors to
N-heterocyclic carbenes (NHCs) with organo-catalytic
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activity,” and they are strong donor ligands for transition
metal complexes.® While a variety of capable synthetic
methods exist for indazole synthesis,” we report a new
precursor for indazole formation, 2-formyl dialkylanilines.
With hydroxylamine, this precursor allows for easy entry
to the fused tricyclic pyridazino[l,2-a]indazolium ring
system seen in the indazole natural products. This reaction
invloves an exchange of the N—O bond of the oxime for the
N—N bond of the heterocycle and was applied to the gram
scale synthesis of nigeglanine hydrobromide (1).

During our investigation of ortho-hydroxyaryloxime anti-
dotes for organophosphorous nerve agent sensing we found
that treatment of aldehyde 2 with hydroxylamine hydro-
chloride in ethanol at 65 °C gave the expected oxime (3) only
as the minor product (1:4, Figure 1). The major product was
identified by single crystal X-ray diffraction as the substi-
tuted N-methyl indazole 4 (Figure 1, bottom right).

The oxime product (3) can be obtained in better yield at
room temperature, and its crystal structure (Figure 1,
bottom left) reveals the reason for the unexpected forma-
tion of 4. The dimethylamino group is twisted out of the
aromatic ring plane to avoid steric clashes with the adja-
cent bulky bromine atom. Although phenols react with
activated oximes to form isoxazoles,' the nitrogen of the
twisted aniline is more basic and its lone pair electrons are
predisposed to attack the oxime. This reaction results in
N—N bond formation as water is lost. Demethylation,
presumably by the halide, completes the sequence.

In general indazoles, or heterocycles, are synthesized by
N—C bond forming reactions, but examples of indazoles
formed from creating N—N bonds have also been re-
ported. Electrophilic amination of this type has been
exploited previously by Hassner'' and more recently by
Stambuli.”*9 In both examples an activating agent, DCC
in the former and MsCl in the later, was used to promote
attack of the oxime nitrogen to form the N—N bond. In
our approach, no such activating agent is required.
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Figure 1. Initial reaction discovery (top). Crystal structure of oxime
3 (bottom left). Crystal structure of indazole 4 (bottom right).
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We used 2-pyrrolidinyl benzaldehyde (5) to determine
the nature of the nucleophile involved in the dealkylation
step. Increased temperatures were required for the reaction
to proceed, and after 4 h at 150 °C the three expected
products were obtained: the oxime (6), the N-alkyl inda-
zole product (8), and the tricyclic indazolium (9). NMR
and MS analysis (see Supporting Information (SI)) con-
firms that chloride dealkylates the quaternary nitrogen of
the former pyrrolidine, giving rise to 8. The proposed
mechanism for this transformation is shown in Scheme 1.
In specific cases, spirocyclic quaternary nitrogen atoms of
the type shown in the scheme (7) have been isolated as
betaines (1,1-disubstituted indazol-3-ylio oxides) and are
known to dealkylate in a similar manner.'? By extending
the reaction time it is possible to obtain the tricyclic
indazolium product exclusively and in high yield.

Scheme 1. Proposed Mechanism for the Synthesis of Fused
Indazolium Ring Systems

N~N N~N + Ejl
Coro
8 9

We optimized reaction conditions (1.2 equiv,
NH,OH-HCI, EtOH, 150 °C, 18 h, sealed tube) and
explored the scope of this cyclization cascade with a series
of substituted 2-pyrrolidinyl benzaldehydes. These were
obtained from commercially available 2-fluorobenzalde-
hydes and pyrrolidine (see SI). As shown in Scheme 2, both
electron-donating and -withdrawing groups are tolerated.
The strongly donating pyrrolidinyl group (16) gave the
highest yield. Halogens Br (11), Cl (14), and F (10) were
also well tolerated. The use of methoxy derivatives in place
of the free phenols is recommended due to decomposition
of the latter during the cyclization reaction. Mild electron-
withdrawing groups such as trifluoromethyl (18) and
carboxylate (17) also form products but in lower yields.
Substitution with a nitro group (19) on the other hand
gives a different product: dehydration of the oxime is
favored, and the nitrile 19 is formed (see SI for X-ray
structure of 19).

Besides altering the substitutents on the aromatic ring,
we varied the aniline ring size to further test the scope of the
reaction (see SI, Table S-1). Increasing the ring size of the
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Scheme 2. Scope of the Reaction with Substituted 2-Pyrrolidinyl
Benzaldehydes”
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aniline from five (pyrrolidine) to six (piperidine) gave the
chloroalkyl indazole in moderate yield, showing that for-
mation of the seven-membered ring is unfavored even at
high temperatures. We were unable to synthesize aniline
starting materials with smaller ring sizes, having observed
rapid decomposition in the SNyAr reaction with azetidine
and aziridine, which prevented these anilines from being
investigated. We also explored the synthesis of Cs sub-
stituted indazole products from acetophenone or benzo-
phenone substrates. These substrates provided the N-
alkylchloride indazole along with the usual ketoxime. Ring
closure to the tricyclic indazolium products was observed
only in trace amounts ( <2%).

To highlight our method we set out to synthesize a
member of the indazole natural product family, nigegla-
nine. Isolated from Nigella glandulifera,* nigeglanine is
one member of a small family of four indazole natural
products, all of which contain the tricyclic pyridazino[1,2-a]-
indazolium ring system. Located largely in southwest
and western China, the whole herb has been used as a folk
remedy for a variety of aliments such as cold, cough,
insomnia, and bronchial asthma. Nigeglanine and related
nigellicine have been synthesized previously by Kelly and
co-workers.'® Their synthesis of nigeglanine proceeds by
transformation of an isatin to give an advanced indazole
intermediate, followed by alkylation of the indazole with
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1,4,-dibromobutane and subsequent decarboxylation and
deprotection to give nigeglanine as the HBr salt (1) in 12
steps and 13% overall yield.

Our synthesis began from commercially available
3-fluoro-5-methylphenol (20) (Scheme 3). The phenol
was alkylated with cesium carbonate and methyl iodide
in DMF to give 21. We expected the methoxy and fluorine
functions to direct ortho lithiation,'* which occurred at the
desired position and led to formylation with DMF to
afford 22 as a single regioisomer. We synthesized the
aniline using pyrrolidine under SyAr conditions (DSMO,
potassium carbonate, 100 °C) to give 23 in good yield. The
cyclization cascade of this compound went smoothly on
the gram scale to yield methylated nigeglanine 24. Depro-
tection of the methoxy group was carried out with Kelly’s
reported method, using BBr; in DCM to give 1.6 g of the
natural product nigeglanine as the HBr salt (1), in 5 steps
and ~47% overall yield. Pentane diffusion into a metha-
nol/chloroform solution of 1 provided single crystals
suitable for X-ray diffraction. The pale yellow bars crystal-
lized as a nonmerohedral twin,'® and refinement confirmed
the structure of 1.

Scheme 3. Gram Scale Synthesis and Crystal Structure of Ni-
geglanine Hydrobromide (1)“
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In summary we report the serendipitous discovery of a
new precursor for the one-step preparation of indazoles,
and crystal structures of oxime 2 and the corresponding
indazole 3 that provide clues to the reaction mechanism.
The reaction conditions were generalized to afford several
examples of the tricyclic pyridazino[1,2-a]indazolium ring
system (9—18) and extended to the gram scale synthesis of
nigeglanine hydrobromide 1. We note in passing that many
of these indazolium ions are fluorescent with colors of blue
(9), blue/green (1), and purple (15). As this method quickly
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affords indazollium analogs of the natural product, their
fluorescence may provide an opportunity for cellular
imaging studies in the future.
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