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ABSTRACT: A carbonylation−carboxylation synthetic sequence, via
double CO2 fixation, is described. The productive merger of a Ni-catalyzed
cross-electrophile coupling manifold, with the use of AlCl3, triggered a
cascade reaction with the formation of three consecutive C−C bonds in a
single operation. This strategy traces an unprecedented synthetic route to
ketones under Lewis acid assisted carbon dioxide valorization. Computa-
tional insights revealed a unique double function of AlCl3, and labeling
(13CO2) experiments validate the genuine incorporation of CO2 in both
functional groups.

The fixation of CO2 into value-added long-term organic
vectors is consolidating a prominent role in many

scientific disciplines with direct application outlets, like energy
storage and smart material development.1,2 Catalytic carbox-
ylation reactions based on CO2 (i.e., C−C bond forming
protocols)3 strongly contributed to this flourishing scenario,
enabling mild conditions and site-selective processes to be
effectively combined. Concomitantly, CO2 is emerging as a
chemical surrogate of carbon monoxide for carbonylation
procedures such as hydroformylations of amines, aryl halides,
and alkenes, and redox-neutral cyclizations via amino- or
alkoxycarbonylation (Figure 1a).4 However, the use of CO2 in
the carbonylative synthesis of ketones (i.e., formation of two
C−C bonds) has not found a general solution, and features in
only a limited number of examples so far (Figure 1b). To date,
two main strategies have been pursued, namely: the use of
strongly nucleophilic reagents (i.e., organolithium and
Grignard compounds, very limited in number)5 and the in
situ CO2 → CO reduction and subsequent fixation.6,7 The
narrow functional group tolerance, arising from the require-
ment of harsh organometallics or strong reductive conditions,
substantially limits the synthetic perspective of these
approaches. In line with this background, we reasoned that a
metal catalyzed CO2 based carboxylation and consequent
electrophilic activation of the carboxylic moiety could pave the
way for a conceptually new synthetic approach to ketones from
CO2, by means of a final site-specific insertion step. The
activation of carboxylic compounds toward nucleophilic
acylation reactions has been a longstanding topic in organic
synthesis, accounting nowadays for multiple extraordinary
solutions.8 Among them, we were attracted by the possibility
to employ oxophilic Lewis acids (LAs, as oxygen atom
scavengers)9 that have been very recently utilized in direct
borylation reactions of aromatic carboxylic compounds under
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Figure 1. (a) State of the art on the use of “CO2�CO” as C1
synthon in organic synthesis. (b) “Vacancy” on the direct use of CO2
for the catalytic synthesis of ketones. (c) The present working idea
([Mred] and [Mox] indicate different oxidation states of the metal
catalyst, [H]: reductant).
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nickel catalysis.10 Interestingly, the employment of a LA could
also play the additional role of assisting the initial carboxylation
event via electrophilic activation of CO2. As a matter of fact,
despite the scarce Lewis basicity of carbon dioxide, an acid−
base adduct between AlCl3 and CO2 has been identified, fully
characterized (i.e., O�C�O···AlCl3), and successfully
employed as an activated form of carbon dioxide in the direct
carboxylation reaction of unactivated arenes.11 Our recent
report on AlCl3-assisted CO2 fixation

12 strongly supports the
compatibility of metal (i.e., Ni)-catalyzed carboxylative cross-
electrophile-couplings (XECs) with oxophilic LAs.13 In this
scenario, we envisioned that, by subjecting an ortho-substituted
aryl-halide, carrying a terminal π-system (A), to TM catalyzed
reductive carboxylation in the presence of AlCl3, the acyloxy-
aluminum species C could be generated. The electrophilic
activation played by the aluminum coordination could trigger a
metal mediated intramolecular C−C bond forming process
involving the proximal olefin.
The resulting alkyl-organometallic species D could finalize

the catalytic cycle engaging a second molecule of CO2, thus
realizing the first example of a carbonylation/cyclization/
carboxylation sequence based on carbon dioxide (Figure 1c).14

Synthetically valuable γ-ketoacids E should therefore be readily
accessible under the catalytic regime. Remarkably, three
carbon−carbon bonds are created in the present carbon-
ylation/carboxylation protocol with two CO2 units participat-
ing in the catalytic cycle.15

The investigation began with the design of a proper
substrate to test the working hypothesis. To this end, readily
accessible alkylidenecyclobutane 1a was elected as the model
platform, displaying the aryl halide and the pendant olefin in
adequate and mutual positions. Based on previous achieve-
ments by the group12,16 and on the well-consolidated efficiency
of organo-Ni intermediates toward CO2-based carboxyla-
tions,17 we elected air-stable [Ni(N^N)2X2] complexes as
potential (pre)catalysts for the tandem carbonylation/carbox-
ylation reaction sequence. An extensive survey of reaction
parameters, regarding the nature of the ligand, nickel
counterion, solvent, reducing agent, temperature, reaction
stoichiometry, and additives, was undertaken (see Tables S2−
S3, section 3 for an exhaustive list of results). From this
investigation, the use of preformed [Ni(L1)2Cl2] complex (10
mol %),18 AlCl3 as a stoichiometric additive, and Zn as
reducing agent (DMF, 45 °C, 16 h, CO2 1 atm) delivered the
tetralone-α-acetic acid 2a in 70% isolated yield, along with the
formation of dimethyl-tetralone 2a′ (7% yield, entry 1, Table
1). No trace of ring-opening of the C4-membered ring was
observed under the present conditions.
Conclusions from the reaction optimization study can be

summarized as follows: bipyridines carrying electron-donating
groups (i.e., alkoxy: L1−4) proved to have the best
performance among the ligands tested (see Table S3, section
3). Interestingly, the introduction of methyl groups at the 6,6′-
positions (L6) caused a suppression of the catalytic activity
(entry 6).19 Generally, preformed complexes guaranteed higher
reproducibility in comparison to in situ formed ones. However,
the similar chemical outcome (64% yield) obtained with the
complex [Ni(L1)Cl2] (10 mol %, entry 8) led us to propose a
complex having a 1:1 Ni−ligand ratio as the catalytically active
one. As expected, all components, AlCl3, CO2, and the Ni
complex, proved to be essential in triggering the cascade
process. Their absence caused the recovery of 1a (w/o [Ni],
entry 10) or partial debromination (w/o CO2, entry 11). The

in situ formation of carbon monoxide and subsequent
carbonylation reaction were excluded by running the model
transformation under a CO atmosphere (entry 12). Other
solvents (i.e., DMA, entry 13) did not improve the formation
of 2a, and the employment of Mn powder as a reductant
provided 2a in a lower yield (60%, entry 14) with respect to
Zn. Finally, AlCl3 showed superior activity with respect to
other LAs and additives (Table S2).
With the optimized reaction conditions settled, we tackled

the versatility of the protocol (Scheme 1). Therefore, a range
of alkylidene-cyclobutanes 1b−r were synthesized and

Table 1. Optimization of the Reaction Conditions

Entrya Deviation from optimal Yield 2a/2a′ (%)b

1 −c 70/7
2 [Ni(L2)2Cl2] 64/7
3 [Ni(L3)2Cl2] 61/4
4 [Ni(L4)2Cl2] 19/−
5 [Ni(L5)2Cl2] 15/5
6 [Ni(L6)Cl2] −/−
7 [Ni(L1)2I2] 64/10
8 [Ni(L1)Cl2] 64/5
9 without AlCl3 −d

10 without [Ni(L1)2Cl2] −e

11 under N2 instead of CO2 −d

12 under CO instead of CO2 NR
13 DMA instead of DMF 41/10
14 Mn instead of Zn 60/5

aAll reactions were carried out under CO2 atmosphere and with dry
solvents. bIsolated yields after flash chromatography. c1a/[Ni-
(L1)2Cl2]/Al/Zn, 1/0.1/4.5/3 equiv, [1a] = 0.1 M. dVariable
amounts of proto-debrominated-1a (59−97%) were recorded (1H
NMR analysis on the reaction crude). eVariable amounts of unreacted
1a (75−77%) were recorded in the reaction crude. See Table S2 for
details. NR: no reaction.

Scheme 1. Scope of the Carbonylation/Carboxylation
Reaction

ammol scale reaction.
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subjected to the double CO2-trapping cross-coupling reaction.
Electron-rich (1b−h) and electron-poor (1i−j) substituents
were accommodated at different positions of the aromatic ring.
Moderate to good yields were always obtained (32−74%). As a
general trend, alkylidenecyclobutanes featuring electron-rich
arenes performed better than those having electron-with-
drawing-group-substituted ones, likely suggesting the beneficial
role of more nucleophilic aryl-Ni intermediates during the
catalytic cycle (vide inf ra). In addition, the procedure resulted
in suitable production of γ-keto-acids starting also from
precursors featuring different substitutions at the C4-position
(1l−r). Here, both aliphatic (yields up to 74%) and aromatic
groups (yield up to 45%) were accommodated in the final
tetralone α-acetic acid scaffold. A 1 mmol scale reaction was
also attempted in the presence of substrate 1a, and gratifyingly,
2a was obtained in 60% yield under unmodified conditions.20

The synthetic versatility of the resulting tetralones 2 was
then accounted via dedicated transformations (Scheme 2). In

particular, keto-acid 2a was effectively utilized as a precursor of
nucleophilic alkyl-radicals to be employed in the site-selective
alkylation of Morita−Baylis−Hillman (MBH) adduct 4.21 In
this approach, 2a was initially transformed into the
phthalimide-based redox-active ester (RAE) 3 and subse-
quently subjected to electrolysis in the presence of 4. The
desired α-alkylated cinnamate 5 was isolated in 31% yield
(unoptimized conditions). The carboxylic acid group was also
effectively converted into a protected amino group (6, 50%
yield) via Curtius rearrangement. This, along with the previous
transformation, shows the potential of the COOH group,
generated by CO2-based carboxylation, as a reactive handle to
introduce chemical complexity via subsequent decarboxylation.
Additionally, both functional groups were effectively and
synergistically employed for the generation of chemical
diversity. In particular, pyridazinone 7 could be directly
achieved in 74% yield by condensation of 2a with hydrazine,
and lactone 9 was prepared via an esterification/reduction/
lactonization synthetic sequence.
Encouraged by our findings, we conducted molecular

modeling to deepen our understanding of the mechanism
operating in this catalytic process (Scheme 3 top). Initially, a
Zn generated Ni(I) catalyst coordinates substrate II, rendering
complex III. Then, III can evolve via an oxidative addition,
forming a Ni(III) complex (IV).

Additional Zn-mediated heterogeneous reduction is envi-
sioned to transform complex IV to the Ni(I) analogue V,
which coordinates an AlCl3-activated CO2 molecule (VI). CO2
inserts in the Ni−C bond, and concomitantly, the exocyclic
carbon−carbon double bond coordinates the Ni(I) species,
keeping the active metal in close proximity to the activated
carboxylic group (species VII and VIII) and favoring the
subsequent intramolecular C−C bond forming event. It is in
this initial carboxylation step that the alkylidenecyclobutane
methyl substituent plays a key role in order to trigger the
desired reactivity.22 We have found a very strong Me···Ni
interaction that favors the course of this reaction (these
interactions are highlighted in golden in the inset of Scheme 3
top. Additional calculations in which the methyl group is
absent account for ∼23 kcal/mol destabilization of VI.23 In the
second stage of this catalytic cycle, the coordination of a
second molecule of AlCl3 to the benzoate (intermediate IX) is
crucial to trigger the intramolecular cyclization IX → X via
oxidative nickel insertion onto the C�C double bond.
Reduction of the resulting [Ni(III)] species occurs concom-

Scheme 2. Proving the Synthetic Versatility of Tetralone 2a

Scheme 3. Top: Proposed Mechanism for the Formation of
2a;a Bottom: Proving the Double CO2 Incorporation via
Labelling Experiments

aRelative Gibbs free energies are expressed in kcal/mol. Oxygen
atoms coordinated to AlCl3 are depicted in red.
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itantly to the scavenging of one oxygen atom, resulting in the
alkylnickel intermediate XII, where the keto group is
irreversibly formed. The final second carboxylation of the
carbon scaffold is then operated by the [AlCl3···CO2] adduct,
delivering the final keto-acid precursor XIII. This mechanistic
picture highlights the multiple roles exerted by AlCl3 in the
process: as a matter of fact, besides the expected electrophilic
activation of CO2, it results pivotal in triggering the
intramolecular C−C bond forming step and in scavenging
the oxygen atom from the activated carboxylate for the
formation of the keto group. The impact of AlCl3 in assisting
these steps was also computationally estimated by determining
the energy barriers (stabilization values over 20 kcal/mol)
associated with the steps: VI → VII (aryl carboxylation) and
IX → X (skeletal rearrangement) in the absence of LA-co-
assistance.
Finally, to verify the double incorporation of CO2 into the

final keto acids 2, we carried out a labeled 13C-experiment
under optimal conditions on 1a. Satisfyingly, a complete
fixation of 13C-carbon atoms both at the C=O and CO2H
groups (>95% labeling by 13C and 1H NMR analyses) was
recorded (Scheme 3, bottom).
In conclusion, we have reported a nickel catalyzed double

incorporation of CO2 featuring an unprecedented strategy to
synthesize ketones under Lewis acid assisted carbon dioxide
valorization. The judicious choice of the catalytic system
enabled concomitant exploitation of CO2 as a valuable
carbonylating and carboxylating C1-unit. A detailed computa-
tional investigation shed light on the multiple roles of AlCl3,
dealing with the electrophilic activation of CO2 and scavenging
of oxygen atoms. Studies addressing the interplay of Ni-
catalyzed XECs, AlCl3 and CO2, for direct access to
synthetically relevant organic scaffolds are underway in our
laboratories.
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López, C.; Bertuzzi, G.; Bandini, M. Direct synthesis of α-aryl-α-
trifluoromethyl alcohols via nickel catalyzed cross-electrophile
coupling. Angew. Chem., Int. Ed. 2022, 61, No. e202211732.
(17) (a) Börjesson, M.; Moragas, T.; Gallego, D.; Martin, R. Metal-
catalyzed carboxylation of organic (pseudo)halides with CO2. ACS
Catal. 2016, 6, 6739. (b) Juliá-Hernández, F.; Gaydou, M.; Serrano,
E.; van Gemmeren, M.; Martin, R. Ni- and Fe-catalyzed carboxylation
of unsaturated hydrocarbons with CO2. Top. Curr. Chem. 2016, 374,
45. (c) Luo, J.; Larrosa, I. C-H carboxylation of aromatic compounds
through CO2 fixation. ChemSusChem 2017, 10, 3317. (d) Chen, Y.-
G.; Xu, X.-T.; Zhang, K.; Li, Y.-Q.; Zhang, L.-P.; Fang, P.; Mei, T. S.
Transition-metal-catalyzed carboxylation of organic halides and their
surrogates with carbon dioxide. Synthesis 2018, 50, 35. (e) Guo, X.;
Wang, Y.; Chen, J.; Li, G.; Xia, J.-B. Recent advances of CO2 fixation
via asymmetric catalysis for the direct synthesis of optically active
small molecules. Chin. J. Org. Chem. 2020, 40, 2208. (f) Yi, Y.; Hang,
W.; Xi, C. Recent advance of transition-metal-catalyzed tandem
carboxylation reaction of unsaturated hydrocarbons with organo-
metallic reagents. Chin. J. Org. Chem. 2021, 41, 80. (g) Bertuzzi, G.;
Cerveri, A.; Lombardi, L.; Bandini, M. Tandem functionalization-
carboxylation reactions of π-systems with CO2. Chin. J. Chem. 2021,
39, 3116.
(18) Crystals suitable for SC-XRD analysis were obtained by
layering toluene with a saturated solution of preformed [Ni(L1)2Cl2]
in ACN.
(19) Piszel, P. E.; Orzolek, B. J.; Olszewski, A. K.; Rotella, M. E.;
Spiewak, A. M.; Kozlowski, M. C.; Weix, D. J. Protodemetalation of
(bipyridyl)Ni(II)-aryl complexes shows evidence for five-, six- and
seven-membered cyclic pathways. J. Am. Chem. Soc. 2023, 145, 8517.

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.3c02394
Org. Lett. 2023, 25, 6969−6974

6973

https://doi.org/10.1039/D0CC00547A
https://doi.org/10.1039/C9GC04342J
https://doi.org/10.1039/C9GC04342J
https://doi.org/10.1002/cctc.202300827
https://doi.org/10.1002/cctc.202300827?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.199210351
https://doi.org/10.1002/anie.199210351
https://doi.org/10.1002/anie.201405014
https://doi.org/10.1002/anie.201405014
https://doi.org/10.1021/jacs.1c08908?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c08908?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c08908?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/s41467-022-32030-8
https://doi.org/10.1038/s41467-022-32030-8
https://doi.org/10.1002/ejic.202200037
https://doi.org/10.1002/ejic.202200037
https://doi.org/10.1002/chem.201402509
https://doi.org/10.1002/chem.201402509
https://doi.org/10.1021/acs.accounts.5b00057?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.5b00057?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.5b00057?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1055/s-0036-1591853
https://doi.org/10.1055/s-0036-1591853
https://doi.org/10.1055/s-0037-1609564
https://doi.org/10.1055/s-0037-1609564
https://doi.org/10.3390/catal13020366
https://doi.org/10.3390/catal13020366
https://doi.org/10.1039/C3CS60345H
https://doi.org/10.1039/C3CS60345H
https://doi.org/10.1039/C3CS60345H
https://doi.org/10.1002/anie.202106356
https://doi.org/10.1002/anie.202106356
https://doi.org/10.1002/anie.202106356
https://doi.org/10.1021/ja020787o?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja020787o?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja020787o?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ie801524e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ie801524e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ie801524e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ie300014z?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ie300014z?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ie5004762?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ie5004762?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D2CC00149G
https://doi.org/10.1039/D2CC00149G
https://doi.org/10.1002/anie.202013852
https://doi.org/10.1002/anie.202013852
https://doi.org/10.1002/anie.202013852
https://doi.org/10.1021/acs.organomet.2c00032?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.2c00032?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.1c04705?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/ajoc.202200593
https://doi.org/10.1002/ajoc.202200593
https://doi.org/10.1360/nso/20220024
https://doi.org/10.1360/nso/20220024
https://doi.org/10.1360/nso/20220024
https://doi.org/10.1021/jacs.1c12071?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c12071?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c12071?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b05277?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b05277?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.7b02166?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.7b02166?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C8QO00729B
https://doi.org/10.1039/C8QO00729B
https://doi.org/10.1039/C8QO00729B
https://doi.org/10.1002/chem.202101082
https://doi.org/10.1002/chem.202101082
https://doi.org/10.1002/chem.202101082
https://doi.org/10.1055/a-1669-0944
https://doi.org/10.1055/a-1669-0944
https://doi.org/10.1002/anie.202211732
https://doi.org/10.1002/anie.202211732
https://doi.org/10.1002/anie.202211732
https://doi.org/10.1021/acscatal.6b02124?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.6b02124?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1007/s41061-016-0045-z
https://doi.org/10.1007/s41061-016-0045-z
https://doi.org/10.1002/cssc.201701058
https://doi.org/10.1002/cssc.201701058
https://doi.org/10.1055/s-0036-1590908
https://doi.org/10.1055/s-0036-1590908
https://doi.org/10.6023/cjoc202002032
https://doi.org/10.6023/cjoc202002032
https://doi.org/10.6023/cjoc202002032
https://doi.org/10.6023/cjoc202007013
https://doi.org/10.6023/cjoc202007013
https://doi.org/10.6023/cjoc202007013
https://doi.org/10.1002/cjoc.202100450
https://doi.org/10.1002/cjoc.202100450
https://doi.org/10.1021/jacs.3c00618?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c00618?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c00618?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.3c02394?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(20) Attempts to extend optimal conditions to cyclobutyl free
substrates (i.e., 1-bromo-2-(1,1-dimethyl-3-butenyl)benzene) un-
fortunately did not lead to the desired tetralone.
(21) (a) Bertuzzi, G.; Ombrosi, G.; Bandini, M. Regio- and
Stereoselective Electrochemical Alkylation of Morita-Baylis-Hillman
Adducts. Org. Lett. 2022, 24, 4354. (b) Rapisarda, L.; Fermi, A.;
Ceroni, P.; Giovanelli, R.; Bertuzzi, G.; Bandini, M. Electrochemical
C(sp3)−H functionalization of ethers via hydrogen-atom transfer by
means of cathodic reduction. Chem. Commun. 2023, 59, 2664.
(c) Brunetti, A.; Bertuzzi, G.; Bandini, M. Catalyst and Additive-free
electrochemical CO2 fixation into Morita−Baylis−Hillman acetates.
Synthesis 2023, 55, 3047.
(22) The exclusive formation of the carboxylic acid 1s′′ with
alkylidenecyclobutane 1s might validate the Thorpe-Ingold effect
exerted by the quaternary benzylic carbon in 1a−r. Jung, M. E.; Piizzi,
G. gem-Disubstituent effect: theoretical basis and synthetic
applications. Chem. Rev. 2005, 105, 1735.

(23) Similar π-aryl···Ni stabilizing interactions could be envisioned
in compounds 2q and 2r.

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.3c02394
Org. Lett. 2023, 25, 6969−6974

6974

https://doi.org/10.1021/acs.orglett.2c01529?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c01529?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c01529?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D2CC06999G
https://doi.org/10.1039/D2CC06999G
https://doi.org/10.1039/D2CC06999G
https://doi.org/10.1055/a-2029-0488
https://doi.org/10.1055/a-2029-0488
https://doi.org/10.1021/cr940337h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr940337h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/doi/10.1021/acs.orglett.3c02394?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.3c02394?fig=&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.3c02394?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

