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Unlocking Indazole Synthesis from a-Diazo-f-Ketoesters
via Aryne Trapping: A Streamlined Approach

Souvik Guha, Aurélien Crochet, Thillaiarasi Sukumar, Mahesh Kumar Ravva, Subhabrata Sen,

and Ludovic Gremaud*

Indazoles are high-value chemical building blocks used in medic-
inal chemistry and materials science for their distinct structural
and functional features. This study details a [3 + 2]-cycloaddition
reaction between various aryl-ketodiazoesters and ortho-(trime-
thylsilyl)aryl triflates under mild conditions, leading predomi-
nantly to 1-acyl-1H-indazoles. N-aryl-1H-indazoles and aryl
benzoates are also observed as other products. The reaction
exhibits broad functional group tolerance and scalability, making

1. Introduction

Indazole and its derivatives exhibit wide range of biological and
pharmaceutical properties.!! Their favorable properties make them
appealing targets for drug discovery.”” Subsequently, the scaffold
is integral to a variety of the Food and Drug Administration-
approved drugs, thereby demonstrating its therapeutic versatility
(Figure 1A). For instance, Granisetron-(l) is a 5-HT3 receptor antag-
onist utilized as an antiemetic to manage nausea and vomiting
in chemotherapy patients.®*” Indazole structures are also present
among tyrosine kinase inhibitors such as Axitinib-(VIl) and
Entrectinib-(ll), both effective in treating renal cell carcinoma.*><
Other significant examples include Lonidamine-(VI), an antiglyco-
lytic drug for brain tumor therapy,®® and SAM-531-(1V), also known
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it a valuable synthetic approach. Mechanistic insights, derived
from control experiments and density functional theory calcula-
tions, elucidate the cycloaddition pathway and rationalize the for-
mation of the products. Collectively, these findings underscore
the method’s potential for synthesizing complex indazole deriv-
atives, which hold significant promises for applications in phar-
maceutical development and advanced materials research.

as cerlapirdine, a potent 5-HT6 receptor antagonist evaluated in
clinical trials for Alzheimer’s disease.*® These drugs underscore
the broad therapeutic applications of indazole derivatives in oncol-
ogy, neurology, and several other therapeutic ailments. The multi-
step synthesis and functionalization of 1H-indazole structures
present challenges in the efficient construction of specific target
molecules, often impeding the swift development of synthetic
pharmacophores.** In general, arynes are promising intermedi-
ates in organic synthesis because of their reactivity, compatibility
to react under mild reaction conditions and their ability to accom-
modate various functional groups. Recently, aryne-mediated meth-
ods have gained traction in pharmaceutical chemistry, for
synthesizing indazole derivatives. A notable approach involves
[3+ 2] cycloaddition of diazo compounds with arynes, which
offers an appealing synthetic pathway to generate complex inda-
zole frameworks. This method leverages the high reactivity of
arynes, allowing for versatile modifications and enhanced yield effi-
ciency in forming functionalized indazole derivatives, as illustrated
in recent synthetic methodologies (Figure 1B,C). While the reaction
between benzynes and diazo compounds was initially reported
by Yamazaki et al”™ (Figure 1B1) requiring significant heating to
yield stable 1-acyl-1H-indazoles, our findings show notable differ-
ences from prior literature outcomes. Specifically, previous studies
primarily generated 1H-indazoles or N-aryl-1H-indazoles when
using diazoalkanes as substrates'®® (Figure 1C1). In ours, we dem-
onstrate the formation of both 1-acyl and N-aryl-1H-indazoles,
along with substantial formation of aryl benzoates, under mild
reaction conditions (Figure 1D). Notably, reports on aryl benzoate
formation via aryne pathways are limited, with only one other

documented case involving aryl acid and aryl alcohol®
(Figure 1C2).
Our [3+2] cycloaddition reaction, employing aryl-

ketodiazoesters and arynes under mild conditions, demonstrates
remarkable efficiency, achieving high vyields of 1-acyl-1H-
indazoles. This method shows excellent functional group toler-
ance, operates effectively at room temperature, and offers

© 2025 The Author(s). European Journal of Organic Chemistry published by Wiley-VCH GmbH
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Figure 1. Overview of the work: A) Importance of biologically relevant Indazoles. B,C) Selected examples of [3 + 2] cycloaddition reaction between diazo
and aryne and general approach for synthesis of 1-acyl-1H-indazoles. D) This work: divergent approach for indazole synthesis via thia-fries rearrangement.

significant scalability. Furthermore, the electronic nature of sub-
stituents on the aromatic ring of the ketodiazo compound influen-
ces product distribution. Electron-donating groups (EDGs)
predominantly lead to the formation of 1-acyl-1H-indazoles,

whereas electron-withdrawing groups (EWGs) favor the production
of N-aryl-1H-indazoles and aryl benzoates. To further understand
the observed product distribution, we conducted mechanistic
studies and control experiments, which provide insights into the
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formation pathways for each product and confirm the reaction’s
versatility and efficiency in producing various indazole derivatives.

2. Results and Discussion

Initially, ethyl 2-diazo-3-oxo-3-(p-tolyl)propanoate (1aa) and
2-(trimethylsilyl)phenyl trifluoromethanesulfonate (2a) were
selected as model substrates to explore the aryne mediated
[3 + 2]-cycloaddition reaction and to optimize the reaction con-
ditions (Table 1). Building on previous findings,® we initiated
a model reaction to further investigate in presence of CsF
(0.5 eqiuv.) at room temperature for 10 h. The reaction progressed
as anticipated, yielding the desired indazole product, ethyl 1-(4-
methylbenzoyl)-1H-indazole-3-carboxylate (3aa), albeit in a mod-
est 18% yield, with 80% of the unreacted starting material 1a
(entry 1, Table 1). Optimization efforts for this reaction included
the addition of various additives, modifying the fluoride source
and adjusting the stoichiometry of the aryne precursor (entries
2-7). Each of these led to a notable enhancement in yield, with
a peak yield of 71% achieved at room temperature (entry 8) (see
ESLT for miscellaneous optimization). Control studies revealed
that the reaction failed to proceed in the absence of CsF, under-
scoring its critical role. Interestingly, when CsF was replaced by
KF, the yield of the product 3aa dropped considerably under

identical conditions, highlighting CsF as the preferred base for
this transformation (entry 9). The reaction displayed good toler-
ance to polar aprotic solvents, such as THF and 2-methyl THF;
however, the rate significantly decreased in these media, due
to poor dissociation properties in tetrahydrofuran (entries 10-
12). To gain a deeper understanding of the distribution of other
minor products, it was observed that increasing the equivalent of
the aryne precursor to 2.0-3.0 led to a significant decrease in the
yield of 3aa, dropping to 50%-40%. This suggests that higher
concentrations of the aryne precursor may influence the reaction
pathway, promoting side reactions or altering the selectivity
(entries 13-15). This effect suggests that higher aryne equivalents
may favor competing pathways, specifically enhancing N-aryl-1H-
indazole formation. Furthermore, acetonitrile (ACN) was found to
be essential for this transformation, while reaction temperature
had no significant influence on yield or product distribution, con-
firming the stability of the optimized conditions.

3. Scope and Limitations

With the optimized conditions for the indazole formation of in
hand (entry 8, Table 1), we explored the scope of the aryne-
mediated cycloaddition reactions. A range of (aryl)-ketodiazo
substrates (1) were evaluated with substituted aryne (2a or 2b),

Table 1. Optimization of the reaction conditions.?’
CO,Et CO,Et
=0 od o
Conditions N + ,N +
CO,Et * @[ — N 0
0 oTf ° @ /(D)L
1aa 2a ﬁ’:aa 4b 5aa
Entry 2a equiv. [F~]1 equiv. Additive Solvent Time %Yield® %Yield® [overall]
equiv. 3aa 4b + 5aa
1 0.5 CsF (1.0) None CH5CN 10h 18% =5.0%
2 0.5 CsF (1.0) CsCOs (0.5) CH5CN 10h 21% =~5.0%
3 1.0 CsF (1.0) CsCOs (0.5) CH;CN 10h 38% 10%
4 1.0 KF (1.0) 18-c-6 (0.5) CH,5CN 5h 36% 10%
5 1.5 CsF (1.0) 18-c-6 (0.5) CH3CN 5h 49% 15%
6 1.5 CsF (1.2) 18-c-6 (0.5) CH5;CN 5h 62% 21%
7 1.5 CsF (1.2) 18-c-6 (1.0) CH;CN 5h 70% 23%
8 1.5 CsF (1.2) 18-c-6 (1.0) CH3;CN 1h 71% 23%
9 1.5 KF (1.2) 18-c-6 (1.0) CH;CN 1h 40% 16%
10 1.5 CsF (1.2) 18-c-6 (1.0) THF 5h 44% 12%
11 1.5 CsF (1.2) 18-c-6 (1.0) THF 10h 70% 22%
12 1.5 KF (1.2) 18-c-6 (1.0) 2Me-THF 10h 69% 19%
13 25 CsF (1.2) 18-c-6 (1.0) CH;CN 2h 56% 28%
14 3.0 CsF (1.2) 18-c-6 (1.0) CH5CN 2h 50% 38%
15 3.0 CsF (1.2) 18-c-6 (1.0) CH5CN 3h 46% 43%
?Unless otherwise noted, reactions were conducted using 1aa (0.43 mmol) using 3 mL solvent at room temperature. ®lsolated yield. Abbreviations: 18-c-6 =
18-crown-6, THF = tetrahydrofuran, 2Me-THF = 2-methyltetrahydrofuran.
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as illustrated in Scheme 1, to obtain the compound 3. Owing to
the air stability of aryl-ketodiazoesters (1), all separation steps
were performed under open air conditions. Nonsubstituted
aryl-ketodiazoesters (3af)"” and EDGs such as naphthyl (3ad,
3bd), 4-'Bu (3ab, 3bb), 4-Me (3aa, 3ba), and 4-Et (3ae, 3be) were
highly compatible, resulting in good yields around 70%-80%.
Halogen substituents at the paraposition, such as 4-Cl (3aj,
3bg) and 4-Br (3ai, 3bf), produced moderate yields, while ortho-
and metasubstituted EDGs like methyl (3bi, 3bk) yielded slightly
lower than their parasubstituted counterparts. In contrast, ortho-
and metahalogenated -Br/-Cl groups (3al, 3bj, and 3bm) did not
exhibit significant yield differences from the substituted versions.
For substrates bearing EWGs such as -CN, -F, and -CF; on the
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benzene ring, it was essential to modify the reaction conditions
to ensure optimal reactivity and yield. Specifically, in these cases,
the aryl-ketodiazo compounds were dissolved in ACN and intro-
duced to the ortho-(trimethylsilyl)aryl triflates (2) solution through
a dropwise addition over a 15-min period. This controlled addition
helped regulate the reactivity of the diazo compounds with the
activated benzene ring, leading to improved yields. Notably, the
positional variation of these EWGs on the aromatic ring, whether
at the para, meta, or ortho positions, did not significantly affect
the product yield, suggesting a high tolerance to substitution pat-
tern in these reactions. Moreover, any alteration in the R group,
specifically substituting CO,Me or CO,Et, also did not markedly
impact the overall yield. When investigating the reactivity of
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Scheme 1. Substrate scope of 1-acyl-1H-indazoles. Unless until mentioned, all the reactions were conducted using 1 (1.0 equiv.), 2 (1.5 equiv.), CsF (1.2 equiv.),
18-crown-6 (1.0 equiv.), and CHsCN (3.0 mL) at room temperature for 1 h. The yields are calculated based on the isolated quantities of the product.
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ortho-(trimethylsilyl)aryl triflates (2) substituted with 4,5-dimethyl
groups (2b) in combination with parasubstituted derivatives
(Cl, Me, Pr, or Et) to yield compounds such as 3ca, 3cb, 3cd,
and 3ce, the reactions proceeded efficiently. The isolated yields
of these derivatives were comparable to those obtained with
unsubstituted ortho-(trimethylsilyl)aryl triflates (2a), indicating
that the 4,5-dimethyl substitution had minimal impact on the
overall reaction efficiency. This similarity in reactivity suggests that
the presence of substituents on the phenyl ring, including steric or
electronic variations, does not significantly influence the forma-
tion of the indazole product except when nitrosubstituted sub-
strate is used. Indeed, 4-nitro-substituted a-diazo-f-ketoester,
underwent complete conversion into the corresponding com-
pounds 4 and 5 within a very short reaction time. This outcome
can be attributed to the strong electron-withdrawing nature of
the nitro group, which significantly stabilizes the transition state
in Step 3 of the reaction mechanism, as supported by our compu-
tational studies. The energetic preference for this pathway
explains the exclusive formation of byproducts rather than the
desired 1-acyl-1H-indazole. The same trend and conclusion were

observed with the N,N-dimethylamino-substituted a-diazo-3-
ketoester. The investigation of minor product formation was con-
ducted as outlined in (entry 15, Table 1), with the evaluation of
reactions using substituted arynes (2a and 2b), as demonstrated
in Scheme 2. Notably, the formation of N-aryl-1H-indazoles
(4a-4d)"" proceeded with yields around 23%-27%, indicating
a reliable synthesis for these derivatives. In contrast, the formation
of benzoate derivatives displayed greater variability, with a yield
range spanning from 18% to 30%. This variation in benzoate yield
reflects a broad tolerance for benzoate formation across different
aryne substrates, showcasing the versatility of this reaction in
accommodating a range of substituents while yielding indazoles
and benzoate products efficiently.

4. Mechanistic Investigation and Application
To elucidate the underlying reaction mechanism, a series of

experiments were performed. Initially, the addition of 2.0 equiv-
alents of radical scavengers (BHT and 1,1-diphenylethylene) to
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Scheme 2. Substrate scope of N-aryl-1H-indazoles and aryl benzoates. Unless until mentioned, all the reactions were conducted using 1 (1.0 equiv.),
2 (3.0 equiv.), CsF (1.5 equiv.), 18-crown-6 (1.0 equiv.), and CH;CN (3.0 mL) at room temperature for 3 h. Yields based on isolated amount.
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the reaction system separately demonstrated no significant
impact on reaction progression (Scheme 3a), suggesting that
radical pathways are not a dominant mechanism here. We
hypothesize, based on extensive literature reports,®® that
the 1-acyl-1H-indazoles (3) structure arises predominantly from
a [3 + 2]-cycloaddition reaction between the (aryl)-ketodiazo (1)
precursor and aryne (2) intermediates. However, to gain further
insight into the formation pathways of N-aryl-1H-indazoles (4)
and aryl benzoates (5) derivatives,!'? additional experiments
were designed to probe possible intermediates and mechanistic
steps. To explore these pathways, 3-(trimethylsilyl)naphthalen-2-yl
tri-fluoromethanesulfonate (2c) was subjected to the optimized
reaction conditions (Table 1, entry 8) at ambient temperature,
resulting in the isolation of the aryne trapping product, 2-(naph-
thalen-2-yloxy)-3-((trifluoromethyl)sulfonyl)naphthalene (8) (tri-
flone)"™ in a yield of 54% yield within 60 min (Scheme 3b).
This rapid trapping is consistent with a thia-fries rearrangement
mechanism," strongly supporting the involvement of 3-((trifluor-
omethyl)sulfonyl)naphthalen-2-olate intermediates (A). In a parallel
experiment, aryl-ketodiazo (1aj) and 2b were reacted according to
(Table 1, entry 8) and analyzed by ESI-MS (m/z: 205.4) (see ESI.t).
These analyses confirmed the formation of methyl 5,6-dimethyl-
1H-indazole-3-carboxylate (B) (Scheme 3c), suggesting that aryne
trapping by 5,6-dimethyl-1H-indazole may serve as a mechanistic
pathway for the generation of N-aryl-1H-indazole (4). Collectively,
these control experiments robustly indicate the involvement of a
thia-fries rearrangement in facilitating aryne trapping, shedding
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light on the reaction mechanism and the selective formation of
these indazole derivatives. To investigate the substituent effects
of the aryl-ketodiazo substrates (1) and the aryne intermediate
(2) on intermediate formation and the yield of the final product
equimolar quantities of each reactant (1aa, 1al) were reacted
under standard conditions for 1 h, after which the pure products
were isolated via flash column chromatography. The electron-
donating 4Me-analogue 3aa was produced in a 3:1 ratio over
the 4CFs-substituted 3ka, achieving an overall yield of 60%
(Scheme 3d).

Next, the reaction was successfully scaled up to a 0.0033 mol,
producing ethyl 1-(4-bromobenzoyl)-1H-indazole-3-carboxylate
(3ai) with an impressive, isolated yield of 69% (Scheme 3e),
underscoring the robustness and scalability of this methodology
for generating target compounds in larger quantities. This high
yield facilitates further synthetic manipulation and derivatization
with minimal material loss. To demonstrate the versatility of the
indazole derivative (3ai) as a synthetic intermediate, we explored
subsequent transformations (Scheme 3f). Under basic conditions,
(3ai) underwent a Suzuki cross-coupling reaction!™® with phe-
nylboronic acid (6), yielding the corresponding ethyl 1-([1,1/-
biphenyl]-4-carbonyl)-1H-indazole-3-carboxylate (7) in 21%,
showcasing the feasibility of palladium-catalyzed coupling in
expanding molecular complexity. This efficient conversion high-
lights the accessibility of indazole derivatives from 3ai, broad-
ening the scope of functionalization pathways available for
further application and structural diversification.

‘el

’1 \CF3

(via thia-fries reananqemenn

C ey J@f @mr

@ 11% Yield
66% Yield 18% Yield

e L3O
: 4 /©)LO
3al 5 F5C Sal E

16% Yield (The formation of these compounds was 5

H
:‘ not within the scope of this study.)

K2COj3 (1.0 equiv.)
0 Toluene, Reflux O
3ai 6 12h. 7

Br 0.67 mmol 0.80 mmol O

OH PdCl,
W B \
N + @ OH (012 equiv.) N
’ —_—

(21% yield)

Scheme 3. Mechanistic investigation and application. a) A radical-trapping experiment, b) a room-temperature thia-fries rearrangement, c) studies on the
formation of a 1H-indazole intermediate, d) a crossover experiment, €) gram scale synthesis, and f) postsynthetic transformation.
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5. Proposed Mechanism and DFT Calculations

For a deeper understanding of the reaction mechanism, we have
depicted the mechanism and showcased the density functional

theory (DFT) calculations that were employed, as illustrated in
Figure 2d. The molecular geometries of all structures—reactants,
intermediates, transition states, and products—were optimized
using the B3LYP functional and the 6-31G(d,p) basis set'®"'®
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Figure 2. Proposed mechanism and DFT analysis. a) Suggested pathway for benzyne formation, and the generation of thia-Fries rearranged intermediates.
b) [3 + 2] Cycloaddition mechanism between the diazo compound and aryne for the synthesis of 1-acyl-1H-indazoles. c) Probable reaction pathway for

the formation of N-aryl-1H-indazoles and arylbenzoates. d) Calculated energy profile diagram of the proposed reaction pathway, as determined by B3LYP/6-
31 G(d,p) computational methods. Optimized geometries of all species involved—reactants, transition states, intermediates, and products. Step 2: Reaction
path for 3bb. Step 3:A/3B-Reaction path for 5ab/4b. A"/B" represents critical transition state for P3/P4 formation.
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with no symmetry constraints applied. Calculations were con-
ducted using the Gaussian 16 software package.™

In Figure 2a, the mechanism begins with fluoride treatment of
23, leading to C—=Si bond cleavage and subsequent formation of
benzyne (2a”) and a thia-fries rearranged intermediate (2a’). This
rearrangement results from the anionic intermediate generated
in the initial step. Moving to Figure 2b, diazo compounds contain-
ing acyl groups on the diazo carbon (1ab) first undergo a [3 + 2]
cycloaddition with benzyne (2a”), forming 3,3-disubstituted
3H-indazole intermediates (INT1). Through acyl migration, INT1
is converted into 1-acyl-1H-indazoles (3ab), as shown in the free
energy profile of Figure 2d. In this energy diagram, the Gibbs
free energy (AG) of the starting materials (1ab and 2a) is set
as the baseline. Calculations indicate that the formation of the
initial transition state (TS1) requires an energy input of
=12.83 kcal mol~". The cycloaddition between 1ab and 2a results
in the intermediate INT1, via TS1 characterized by N—C and C—C
bond lengths of 2.72 and 2.41 A, respectively. Acyl migration from
C3 to N2 in INT1 occurs via TS2 with an energy barrier of
20.91 kcal mol~" and a C—C bond length of 2.08 A, yielding an
unstable, non-aromatic intermediate (P1). This intermediate

subsequently rearranges to form the more stable 1-acyl-1H-
indazole (3ab/P2) by migration to N1. In Figure 2c, pathways for
N-aryl-1H-indazole (4a) and arylbenzoates (5ab) formation are
explored in “Step-3A” and “Step-B.” In Step-3 A, the interaction
of INT1 with 2a’ produces intermediates P3 and P4 with an
energy barrier of 20.63 kcalmol™' and a C—C bond length of
1.99 and 1.74 A. This step is considered a critical transition state
for determining product distribution and selectivity among differ-
ent EDGs and EWGs. Computational screening of this step was
conducted with representative EDGs like 4-'Bu and EWGs such
as 4-CN. The results reveal that in Step-3A, the 4-CN functionality
exhibits a lower energy barrier of 13.96 kcal mol~" for the forma-
tion of intermediates P3/P4, whereas the 4-'Bu substituent
requires a significantly higher energy barrier of 20.63 kcal mol ™'
for the same step. These findings suggest that EWG-substituted
systems are more favorable for overcoming the energy barrier
compared to EDG-substituted systems, thereby influencing the
overall reactivity and product selectivity in the reaction pathway.
Initially, we hypothesized that the formation of P5 and P6
involved hydrolysis facilitated by dissolved water or moisture,
given the known moisture-absorbing properties of crown ethers

@) /
N
5
\
\ N
N H
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(anti-malarial) (anti-depression and anti-anxiety)
OPh
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SR e | AN R (1.0 cqui) N
b2 Q : N CH5CN, 3 mL /EO
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Figure 3. Diversity. a) Pharmaceutically relevant indole motifs, b) reversal of reactivity in indoles, and c) reaction with Garg 4,5-indolyne precursor with

aryl-ketodiazo under standard condition.

Eur. J. Org. Chem. 2025, 28, €202500296 (8 of 10)

© 2025 The Author(s). European Journal of Organic Chemistry published by Wiley-VCH GmbH

85UB017 SUOWILIOD 3AIIR1D (ol dde Bu Aq peuseA0b 81e DI VO ‘88N JO'SS|NJ 0} AXeiq1T8UIUO /8|1 UO (SUORIPUOD-PUR-SWLSH LD A3 | 1M Afe.q 1 BU1|UO//SaNY) SUORIPUOD Pue SWie | 8y} &8s *[5202/TT/90] uo Ariqiauliuo A8|IM ‘I018Y 0S-S3H Aq 962005202 006/200T 0T/10p/wod A8 | M ARiq1putjuoadoine-A1isIwey//sdiy Wwo.y papeojumoq ‘s ‘9132 ‘06906607


http://doi.org/10.1002/ejoc.202500296

Chemistry
Europe

European Chemical
Societies Publishing

Research Article

EurJOC > .
doi.org/10.1002/ejoc.202500296

European Journal of Organic Chemistry

(due to their oxygen rich structures, which facilitate hydrogen
bonding with water molecules) and the fact that the reaction
was conducted under open-air conditions. However, Karl
Fischer analysis revealed that the trace amounts of water present
were insufficient to hydrolyze the specific molar quantities
required for P5 and P6 formation. This finding suggests that triflic
acid likely plays a catalytic role in the formation of P5 and P6,
rather than moisture-induced hydrolysis (see ESIL.t). Next the
excess aryne (2a”) in the system interacts with P6, resulting in
the formation of P7 which undergoes to charge neutralization
process to generate N-aryl-1H-indazole (4a/P8).

6. Reaction with Garg 4,5-Indolyne Precursor

The indole heterocycle is an essential framework (Figure 3a)
found in a vast array of bioactive natural products and medicinal
agents, with compounds like Decrusivine-(X), Gp-41 inhibitors-
(XI), and Naratriptan-(XIl) serving as notable examples.*°? To
explore indole-based transformations, we selected 4,5-indolyne
(Figure 3b) as a primary substrate and reacted it with various
aryl-ketodiazo compounds, aiming to synthesize a fused indole-
indazole structure. Unexpectedly, despite following the opti-
mized reaction conditions (Table 1, entry 8), the reaction yielded
an exclusive 4-fluoro-substituted-1-acyl-1H-indole derivative
(9a-9¢),'**' accompanied by a complex mixture of uncharacterized
byproducts as identified through NMR analysis (Figure 3c). The
formation of this fluorinated product likely results from
CsF-mediated fluorination within the reaction. Additionally, the
NH-free indolyne precursor may have contributed to the initial
destabilization of the aryl-ketodiazo intermediate, potentially alter-
ing the pathway and yielding complex side products. Interestingly,
selective fluorination at the 5-position in 4,5-indolyne systems is
generally expected, as prior research indicates that nucleophilic
substitution at this site is typically favored due to both electronic
and steric factors.”” However, in this case, the observed reactivity
may stem from multiple contributing factors. These could include
the direct displacement of the -OSO,CF; group by fluoride, which
may proceed through a pathway involving minimal steric
hindrance and enhanced nucleophilicity of fluoride ions. This type
of fluorination process, however, is not generally observed in aryne
reactions, where different substitution patterns typically dominate.
Given these findings, we are initiating further studies to thoroughly
investigate the reactivity of 4,5-indolyne derivatives under varied
conditions in our upcoming project.

7. Conclusions

In summary, we have developed an aryl-ketodiazo-mediated
[3 + 2] cycloaddition reaction with arynes, enabling the efficient
synthesis of indazoles with high regioselectivity and broad sub-
strate compatibility. Diazo compounds featuring carbonyl groups
attached to the diazo carbon undergo acyl migration to yield
1-acyl-1H-indazoles, while using an excess of aryne precursor
facilitates the formation of N-aryl-1H-indazoles. This approach
allows for the streamlined synthesis of arylbenzoates from readily

Eur. J. Org. Chem. 2025, 28, €202500296 (9 of 10)

available materials. Initial mechanistic studies indicate key reac-
tion pathways, offering insights into the formation process. This
methodology presents a valuable strategy for constructing inda-
zole derivatives with potential biological and pharmaceutical
applications. Ongoing research aims to further explore the syn-
thesis and functional applications of 4,5-indolyne precursors.

8. Experimental Section

General Procedure for Preparation of a-Diazo-f-Keto Esters
(1aa-1ca)

According to prior literature,* the preparation of acetoacetate deriv-
atives was carried out as follows: A dried 100 mL three-necked flask
was charged with NaH (2.2 g, 60% w/w, 56 mmol), dimethyl carbon-
ate, diethyl carbonate, di-n-butyl carbonate (40 mmol), and toluene
(20 mL) under a nitrogen atmosphere. The reaction mixture was
heated to reflux in an oil bath, and a solution of acetophenone
(20 mmol) in toluene (10 mL) was added dropwise for over 30 min.
After hydrogen evolution ceased (30-45min), the mixture was
cooled to room temperature. Glacial acetic acid (6 mL) was then
added dropwise, resulting in the formation of a heavy pasty solid.
Icecold water was added gradually until the solid dissolved
completely. The mixture was diluted with ethyl acetate (EtOAc),
and the organic layer was separated, washed sequentially with water
(20mL) and saturated brine (20mL) and dried over anhydrous
Na,SO,. The solvent was removed under reduced pressure, and
the residue was used directly for the subsequent step. For the
next step, following previous literature,®® a-diazoesters were
synthesized: To a cooled solution of acetoacetate derivatives
(1.0 equiv, 5 mmol) and p-acetamidobenzenesulfonyl azide (p-ABSA)
(1.2 equiv, 6 mmol) in anhydrous CHsCN at 0 °C, triethylamine (EtsN)
(3.0 equiv, 15 mmol) was added dropwise. The reaction mixture was
stirred at room temperature for 5 h and then concentrated in vacuo.
Water (20 mL) was added, and the mixture was extracted with diethyl
ether (2 x 20 mL). The combined organic extracts were washed with
brine (20 mL), dried over Na,SO,, and the solvent was removed under
reduced pressure. The resulting residue was purified via flash column
chromatography using heptane/ethyl acetate as the eluent, yielding
the desired diazo compounds 1.

General Procedure for Preparation of 1-acyl-1H-Indazole (A)

In a 10 mL screw-cap vial equipped with a magnetic stir bar, com-
pound 1 (1.0 equiv.) and compound 2 (1.5 equiv.) were introduced
under ambient air conditions. CsF (1.2 equiv.), 18-crown-6 (1.0 equiv.),
and CH;CN (3.0 mL, 99.90% extra dry) were subsequently added at
room temperature, and the mixture was stirred for 1 h. The reaction
progress was monitored by thin-layer chromatography (TLC). Upon
complete consumption of compound 1, the solvent was removed
under reduced pressure. The residue was then diluted with EtOAc,
and the organic layer was separated, washed sequentially with water
(5 mL) and saturated brine (5mL), and then dried over anhydrous
Na,SO,. The product was purified by column chromatography on sil-
ica gel (SiO,) using a hexane/EtOAc gradient (95:5 to 90:10, R, = 0.2)]
to afford 3.

General Procedure for Preparation of N-aryl-1H-Indazole and
Arylbenzoates (B)

In a 10 mL screw-cap vial equipped with a magnetic stir bar, com-
pound 1 (1.0 equiv.) and compound 2 (3.0 equiv.) were introduced
under ambient air conditions. CsF (1.5 equiv.), 18-crown-6 (1.0 equiv.),
and CH;CN (3.0 mL, 99.90% extra dry) were subsequently added at
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room temperature, and the mixture was stirred for 3 h. The reaction
progress was monitored by thin-layer chromatography. Upon com-
plete consumption of compound 1, the solvent was removed under
reduced pressure. The residue was then diluted with EtOAc, and the
organic layer was separated, washed sequentially with water (5 mL)
and saturated brine (5 mL), and then dried over anhydrous Na,SO,.
The product was purified by column chromatography on silica gel
(SiO,) using a hexane/EtOAc gradient (95:5 to 90:10, R; =0.2)] to
afford 4 and 5.
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