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ABSTRACT: A convenient and simple three-component synthesis
of substituted pyridylacetic acid derivatives is reported. The
approach centers on the dual reactivity of Meldrum’s acid
derivatives, initially as nucleophiles to perform substitution on
activated pyridine-N-oxides, then as electrophiles with a range of
nucleophiles to trigger ring-opening and decarboxylation.

1. INTRODUCTION
Pyridines are the most prevalent heterocyclic structures found
in pharmaceutical products,1 among which pyridylacetic acid
derivatives find use both as subunits of drugs and drug
candidates and also as intermediates for their synthesis (Figure
1).2 Synthetic routes to substituted pyridylacetate derivatives

(and their benzo-fused (iso)quinoline analogues) frequently
start from halopyridines under conditions of palladium-
catalyzed cross-coupling with lithium enolates,2a,3 silyl enol
ethers,4 or Reformatsky reagents.5 Alternatively, metal-
catalyzed3,6 coupling or direct SNAr reactions

7 of halopyridines
and (iso)quinolines can be carried out with activated
methylene compounds such as malonates,6a,b,7a ketoesters,6d

cyanoacetate,3,6c or Meldrum’s/barbituric acids,7b followed by
hydrolysis/decarboxylation or deacylation.
Precious metal-free direct SNAr reactions can also be carried

out with metallated alkylnitrile nucleophiles, followed by
hydrolysis.2b,c A consideration with all such approaches is that

2- or 4-pyridylacetic acids are themselves prone to ready
decarboxylation,7a so care is needed in the choice of
conditions.
An alternative approach to the substitution of halopyridines

is to employ pyridine-N-oxides (or benzo-fused variants) in
conjunction with an electrophilic activating agent. In this way,
a similarly broad range of active methylene nucleophiles may
be heteroarylated,8 along with alternative nucleophiles such as
silyl ketene acetals9,10 and aldehydes (under conditions of
enamine organocatalysis).11 We have previously reported the
use of azlactones as nucleophiles for the substitution of
activated pyridine-N-oxides.12 The intermediate azlactones
served as electrophiles that could be opened with a diverse
range of nucleophiles (alcohols, amines, organometallics, and
hydride reagents) to give α,α-disubstituted amino acid
derivatives;12a alternatively, the use of water as a nucleophile
triggered a hydrolysis/decarboxylation sequence to achieve a
formal “umpoled” synthesis of 2-(1-amidoalkyl)pyridines.12b

We envisaged that a general synthesis of diverse
pyridylcarboxylate derivatives would be possible using Mel-
drum’s acids in place of azlactones (Scheme 1). Thus,
activation of pyridine-N-oxides 1 and nucleophilic substitution
by the Meldrum’s acid derivatives 2 would generate an
intermediate, which could act as an electrophilic partner for
ring-opening by a range of nucleophiles; the resulting
carboxylic acids would undergo facile decarboxylation to
yield the desired product 3. Below, we describe the successful
implementation of this simple three-component approach to
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Figure 1. Representative pyridylacetic acid derivatives and proposed
synthetic approach.
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substituted pyridylacetic acid derivatives, along with an
investigation into the substrate scope of the process.13,14

2. RESULTS AND DISCUSSION
We began by investigating the coupling of 5-methyl Meldrum’s
acid 2a with pyridine-N-oxide 1a under our previously
developed activation conditions using tosyl chloride and
triethylamine (Table 1). On completion of the substitution

reaction, the solvent was swapped for methanol, and sodium
methoxide was added. We were pleased to find that the desired
pyridyl-substituted propionate ester 3a was isolated in 63%
yield as a single regioisomer, with substitution readily
identified as occurring at the 4-position by analysis of the 1H
and 13C NMR spectra.
Notably, this regiochemical outcome is complementary to

that reported in the addition of other activated methylene
compounds to 1a activated by Py-BroP, where clean 2-
substitution is observed.8d In that case, selectivity for the 2-
position was rationalized based on charge association of the
activated pyridine-N-oxide with the nucleophile. In our case,
differences may arise because of the greater stabilization and
hence lower nucleophilicity15 of the Meldrum’s acid-derived
nucleophile, leading to a preference for addition to the 4-
position consistent with the kinetic addition of soft
nucleophiles to the 4-position of N-alkylpyridinium salts.16

We proceeded to examine the scope of the coupling of 2a
with various substituted pyridine-N-oxides 1 (Table 1).
Substitution at the 4-position was also observed with 2- and
3-methylpyridine-N-oxides 1b/c to give esters 3b/c, while
when 4-substituted pyridine-N-oxide substrates were em-
ployed, clean substitution at the 2-position was observed.
Alkyl (3d,e) and aryl (3f) substituents were well tolerated.

The presence of an electron-donating alkoxy group was also
tolerated, albeit that 3g was formed in a slightly lower yield, as
was bromo-substituted 3h. Finally, isoquinoline-N-oxide and
quinoline-N-oxide gave somewhat lower yields of the
substitution products 3i,j, the latter as an effectively equimolar
mixture of regioisomers. Synthesis of compounds 3a and 3f

Scheme 1. Proposed Synthetic Approach

Table 1. Three-Component Coupling: Scope of the
Pyridine-N-oxide

a1 (1.1 equiv), 2 (1.0 equiv), TsCl, (1.1 equiv), Et3N (2.1 equiv),
EtOAc (0.2 M), r.t., overnight; remove solvent; then NaOMe (2.2
equiv), MeOH (2.5 M), r.t., 2−6 h. bYields for reactions on 1.25
mmol scale.

Table 2. Three-Component Coupling: Scope of the
Meldrum’s Acida

a1 (1.1 equiv), 2 (1.0 equiv), TsCl, (1.1 equiv), Et3N (2.1 equiv),
EtOAc (0.2 M), r.t., overnight; remove solvent; then NaOMe (2.2
equiv), MeOH (2.5 M), r.t., 2−6 h.
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was also repeated on a larger (1.25 mmol) scale, with
comparable yields being observed.
Variation of the carboxylate side chain was investigated

using substituted Meldrum’s acids 2b−i, which were prepared
using a modified one-pot reductive coupling of Meldrum’s acid
itself with aldehydes, mediated by sodium triacetoxyborohy-
dride (see the Supporting Information).17 The resulting
nucleophiles were reacted with pyridine-N-oxide 1a under
the standard conditions and then subjected to methanolysis/
decarboxylation (Table 2).
While Meldrum’s acid itself gave only a moderate 29% yield

of the (4-pyridyl)acetate 3k, the efficiency of the process for
substituted variants 3l−s was relatively unaffected by the
nature of the side chain, with all yields falling in the range 52−
65%. In all cases, the products were isolated as single
regioisomers (4-substitution).
Finally, we examined the scope of the nucleophilic partner

(Table 3). Activation of 4-methylpyridine-N-oxide 1d with
tosyl chloride and substitution with methyl-substituted Mel-
drum’s acid 2a was carried out as normal; following removal of
the solvent, the resulting crude material was exposed to
different nucleophilic ring-opening conditions. The formation
of different esters was achieved conveniently by treating the
intermediate with a mixture of the relevant alcohol and
potassium tert-butoxide in THF at room temperature. In this
way, benzyl ester 3t and allyl ester 3u were prepared in yields
similar to that of 3d from the methanolytic procedure. We also
investigated the use of an organometallic nucleophile and
found that exposure to iso-butylmagnesium bromide at −40 °C

gave, after warming to room temperature and aqueous workup,
the ketone 3v in 39% yield. Finally, we examined the use of
amine nucleophiles. The crude intermediate was taken up in
toluene, the relevant amine was added, and the mixture was
heated in a sealed microwave vial at 200 °C for 20 min.
Following cooling, extractive workup, and purification, good
yields of the resulting amides 3w−ab were obtained. The
reaction worked well with both primary and secondary amines,
including less nucleophilic aromatic amines such as indoline.

3. CONCLUSIONS
In summary, a convenient new approach to the synthesis of
diverse substituted 2-(pyridyl)acetic acid derivatives is
reported utilizing Meldrum’s acids as linchpin reagents, acting
initially as nucleophiles to effect substitution at activated
pyridine-N-oxides, and subsequently as electrophiles to trigger
ring-opening and decarboxylation. Distinct from approaches
that utilize halopyridine substrates, the process avoids the need
for metal catalysts, preformed enolate equivalents (e.g., silyl
ketene acetals), or strongly basic species, as well as obviates the
need to handle potentially decarboxylation-sensitive pyridyl-
acetic acids themselves. Additionally, the three-component
nature of the process lends itself well to the ready generation of
analogues through parallel synthesis protocols. The method
therefore complements existing approaches to this class of
biologically relevant molecules, and we hope it will prove
useful to the community.
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The Journal of Organic Chemistry pubs.acs.org/joc Article

https://doi.org/10.1021/acs.joc.2c01597
J. Org. Chem. 2022, 87, 13891−13894

13893

https://pubs.acs.org/doi/suppl/10.1021/acs.joc.2c01597/suppl_file/jo2c01597_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01597?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.joc.2c01597/suppl_file/jo2c01597_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Stephen+P.+Marsden"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-2723-8954
mailto:s.p.marsden@leeds.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Tarn+C.+Johnson"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01597?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01597?fig=tbl3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01597?fig=tbl3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01597?fig=tbl3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01597?fig=tbl3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01597?fig=tbl3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01597?fig=tbl3&ref=pdf
pubs.acs.org/joc?ref=pdf
https://doi.org/10.1021/acs.joc.2c01597?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


CHEM21 under Grant Agreement No. 115360, the resources
of which are composed of financial contribution from the
European Union’s Seventh Framework Programme (FP7/
2007-2013) and EFPIA companies in kind contribution.

■ REFERENCES
(1) (a) Carey, J. S.; Laffan, D.; Thomson, C.; Williams, M. T.
Analysis of the Reactions Used for the Preparation of Drug Candidate
Molecules. Org. Biomol. Chem. 2006, 4, 2337−2347. (b) Taylor, R.
D.; MacCoss, M.; Lawson, A. D. G. Rings in Drugs. J. Med. Chem.
2014, 57, 5845. (c) Baumann, M.; Baxendale, I. R. An Overview of
the Synthetic Routes to the Best Selling Drugs Containing 6-
Membered Heterocycles. Beilstein J. Org. Chem. 2013, 9, 2265−2319.
(2) (a) Axten, J. M.; Romeril, S. P.; Shu, A.; Jeffrey Ralph, J.;
Medina, J. R.; Feng, Y.; Li, W. H. H.; Grant, S. W.; Heerding, D. A.;
Minthorn, E.; Mencken, T.; Gaul, N.; Goetz, A.; Stanley, T.; Hassell,
A. M.; Gampe, R. T.; Atkins, C.; Kumar, R. Discovery of
GSK2656157: An Optimized PERK Inhibitor Selected for Preclinical
Development. ACS Med. Chem. Lett. 2013, 4, 964−968. (b) Hangauer,
D. G.; Coughlin, D.; Gale, J.; Cody, J. A.; Patra, D. Composition and
Methods for Modulating a Kinase Cascade, US 2010, No. 7851470.
(c) Marsini, M. A.; Buono, F. G.; Lorenz, J. C.; Yang, B.-S.; Reeves, J.
T.; Sidhu, K.; Sarvestini, M.; Tan, Z.; Zhang, Y.; Li, N.; Lee, H.;
Brazzillo, J.; Nummy, L. J.; Chung, J. C.; Luvaga, I. K.; Narayanan, B.
A.; Wei, X.; Song, J. J.; Roschanger, F.; Yee, N. K.; Senanayake, C. H.
Development of a Concise, Scalable Synthesis of a CCR1 Antagonist
Utilizing a Continuous Flow Curtius Rearrangement. Green Chem.
2017, 19, 1454−1461.
(3) Goldfogel, M. J.; Jamison, C. R.; Savage, S. A.; Haley, M. W.;
Mukherjee, S.; Sfouggatakis, C.; Gujjar, M.; Mohan, J.; Rakshit, S.;
Vaidyanathan, R. Development of Two Synthetic Approaches to an
APJ Receptor Agonist Containing a Tetra-ortho-Substituted Biaryl
Pyridone. Org. Process Res. Dev. 2022, 26, 624−634.
(4) Li, B.; Luo, B.; Blakemore, C. A.; Smith, A. C.; Widlicka, W.;
Berritt, S.; Wenjun Tang, W. Synthesis of α-Heteroaryl Propionic
Esters by Palladium-Catalyzed α-Heteroarylation of Silyl Ketene
Acetals. Org. Lett. 2021, 23, 6439−6443.
(5) Bentz, E.; Moloney, M. G.; Westaway, S. M. Palladium-Catalysed

α-Arylation of Esters and Amides Under Microwave Conditions.
Tetrahedron Lett. 2004, 45, 7395−7397.
(6) (a) Blakemore, C. A.; France, S. P.; Samp, L.; Nason, D. M.;
Yang, E.; Howard, R. M.; Coffman, K. J.; Yang, Q.; Smith, A. C.;
Evrard, E.; Li, W.; Dai, L.; Yang, L.; Chen, Z.; Zhang, Q.; He, F.;
Zhang, J. Scalable, Telescoped Hydrogenolysis−Enzymatic Decar-
boxylation Process for the Asymmetric Synthesis of (R)-α-Heteroaryl
Propionic Acids. Org. Process Res. Dev. 2021, 25, 421−426. (b) Zeng,
Y.; Zheng, H.; Yang, Z.; Liu, C.-K.; Fang, Z.; Guo, K. Copper(I)
Iodide-Catalyzed (Het)arylation of Diethyl Malonate with (Het)aryl
Bromides by Using 1,3-Benzoxazole as a Ligand. Synlett 2018, 29,
79−84. (c) Orr, S. T. M.; Beveridge, R.; Bhattacharya, S. K.;
Cameron, K. O.; Coffey, S.; Fernando, D.; Hepworth, D.; Jackson, M.
V.; Khot, V.; Kosa, R.; Lapham, K.; Loria, P. M.; McClure, K. F.;
Patel, J.; Rose, C.; Saenz, J.; Stock, I. A.; Storer, G.; Volkenburg, M.;
Vrieze, D.; Wang, G.; Xiao, J.; Zhang, Y. Evaluation and Synthesis of
Polar Aryl- and Heteroaryl Spiroazetidine-Piperidine Acetamides as
Ghrelin Inverse Agonists. ACS Med. Chem. Lett. 2015, 6, 156−161.
(d) Zeevaart, J. G.; Parkinson, C. J.; de Koning, C. B. Palladium-
Catalysed Arylation of Acetoacetate Esters to Yield 2-Arylacetic Acid
Esters. Tetrahedron Lett. 2004, 45, 4261−4264.
(7) (a) Scoville, A.; Smith, F. X. A Malonic Ester-Type Synthesis
with 4-Chloroquinoline Utilizing Highly Acidic Enols. J. Heterocycl.
Chem. 1977, 14, 1081−1083. (b) Smith, F. X.; Evans, G. G.
Nucleophilic Substitutions on the Pyridine Ring with Enolate Anions.
J. Heterocycl. Chem. 1976, 13, 1025−1028.
(8) (a) Lemmerer, M.; Teskey, C. J.; Kaiser, D.; Maulide, N.
Regioselective Synthesis of Pyridines by Redox Alkylation of Pyridine
N-oxides with Malonates. Monatsh. Chem. 2018, 149, 715−719.
(b) Bi, W.-Z.; Sun, K.; Qu, C.; Chen, X.-L.; Qu, L.-B.; Zhu, S.-H.; Li,

X.; Wu, H.-T.; Duan, L.-K.; Zhao, Y.-F. A Direct Metal-free C2−H
Functionalization of QuinolineN-Oxides: a Highly Selective Amina-
tion and Alkylation Strategy Towards 2-Substituted Quinolines. Org.
Chem. Front. 2017, 4, 1595−1600. (c) Lecointre, B.; Azzouz, R.;
Bischoff, L. Mild Addition of Carbon Nucleophiles to Pyridine and
Quinoline N-Oxides Under Different Activation Conditions. Tetrahe-
dron Lett. 2014, 55, 1913−1915. (d) Londregan, A. T.; Jennings, S.;
Wei, L. Mild Addition of Nucleophiles to Pyridine-N-Oxides. Org.
Lett. 2011, 13, 1840−1843. (e) Brown, M. F.; Marfat, A.; Melnick, M.
J.; Reilly, U. C-Linked Hydroxamic Acid Derivatives Useful as
Antibacterial agents. WO2011045703A2. (f) Mohammed, M.; Yousif,
M. M.; Saeki, S.; Hamana, M. Studies on Tertiary Amine Oxides.
LXXV. Reactions of Aromatic N-Oxides with Meldrum’s Acid in the
Presence of Acetic Anhydride. Chem. Pharm. Bull. 1982, 30, 1680−
1691. (g) Funakoshi, K.; Sonoda, H.; Sonoda, Y.; Hamana, M. Studies
on Tertiary Amine Oxides. LXII. A Novel Formation of Quinolinium
Methylides by the Reaction of Quinoline N-Oxides with Active
Methylene Compounds in the Presence of an Acylating Agent. Chem.
Pharm. Bull. 1978, 26, 3504−3514.
(9) Londregan, A. T.; Burford, K.; Conn, E. L.; Hesp, K. D.
Expedient Synthesis of α-(2-Azaheteroaryl) Acetates via the Addition
of Silyl Ketene Acetals to Azine-N-oxides. Org. Lett. 2014, 16, 3336−
3339.
(10) For direct addition of silyl ketene acetals to simple pyridines,
see: Obradors, C.; List, B. Azine Activation via Silylium Catalysis. J.
Am. Chem. Soc. 2021, 143, 6817−6822.
(11) Bertuzzi, G.; Pecorari, D.; Bernardi, L.; Fochi, M. An
Organocatalytic Enantioselective Direct α-Heteroarylation of Alde-
hydes with Isoquinoline N-Oxides. Chem. Commun. 2018, 54, 3977−
3980.
(12) (a) Johnson, T. C.; Marsden, S. P. Precious-Metal-Free
Heteroarylation of Azlactones: Direct Synthesis of α-Pyridyl,α-
Substituted Amino Acid Derivatives. Org. Lett. 2016, 18, 5364−
5367. (b) Johnson, T. C.; Marsden, S. P. A Convergent, Umpoled
Synthesis of 2-(1-Amidoalkyl)pyridines. Beilstein J. Org. Chem. 2016,
12, 1−4.
(13) Two examples of methanolytic ring-opening/decarboxylation of
quinolinyl-substituted Meldrum’s acid under acidic conditions are
reported in 8f.
(14) Johnson, T. C.; Marsden, S. P. Three-Component Synthesis of
Pyridylacetic Acid Derivatives by Arylation/Decarboxylative Sub-
stitution of Meldrum’s Acids ChemRxiv (Organic Chemistry),
DOI: 10.26434/chemrxiv-2022-jcqcr Reported as a pre-print,
(Submitted June 15, 2022), (accessed October 05, 2022).
(15) Bug, T.; Mayr, H. Nucleophilic Reactivities of Carbanions in
Water: The Unique Behavior of the Malodinitrile Anion. J. Am. Chem.
Soc. 2003, 125, 12980−12986.
(16) Poddubnyi, I. S. Regioselectivity of the Reactions of Pyridinium
and Quinolinium Salts With Various Nucleophiles (Review). Chem.
Heterocycl. Compd. 1995, 31, 682−714.
(17) Fillion, E.; Fishlock, D.; Wilsily, A.; Goll, J. M. Meldrum’s Acids
as Acylating Agents in the Catalytic Intramolecular Friedel−Crafts
Reaction. J. Org. Chem. 2005, 70, 1316−1327.

The Journal of Organic Chemistry pubs.acs.org/joc Article

https://doi.org/10.1021/acs.joc.2c01597
J. Org. Chem. 2022, 87, 13891−13894

13894

https://doi.org/10.1039/b602413k
https://doi.org/10.1039/b602413k
https://doi.org/10.1021/jm4017625?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.3762/bjoc.9.265
https://doi.org/10.3762/bjoc.9.265
https://doi.org/10.3762/bjoc.9.265
https://doi.org/10.1021/ml400228e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ml400228e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ml400228e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C6GC03123D
https://doi.org/10.1039/C6GC03123D
https://doi.org/10.1021/acs.oprd.1c00088?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.1c00088?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.1c00088?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.1c02257?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.1c02257?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.1c02257?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.tetlet.2004.08.074
https://doi.org/10.1016/j.tetlet.2004.08.074
https://doi.org/10.1021/acs.oprd.0c00397?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.0c00397?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.0c00397?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1055/s-0036-1591210
https://doi.org/10.1055/s-0036-1591210
https://doi.org/10.1055/s-0036-1591210
https://doi.org/10.1021/ml500414n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ml500414n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ml500414n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.tetlet.2004.04.022
https://doi.org/10.1016/j.tetlet.2004.04.022
https://doi.org/10.1016/j.tetlet.2004.04.022
https://doi.org/10.1002/jhet.5570140629
https://doi.org/10.1002/jhet.5570140629
https://doi.org/10.1002/jhet.5570130517
https://doi.org/10.1007/s00706-017-2081-y
https://doi.org/10.1007/s00706-017-2081-y
https://doi.org/10.1039/C7QO00311K
https://doi.org/10.1039/C7QO00311K
https://doi.org/10.1039/C7QO00311K
https://doi.org/10.1016/j.tetlet.2014.01.134
https://doi.org/10.1016/j.tetlet.2014.01.134
https://doi.org/10.1021/ol200352g?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1248/cpb.30.1680
https://doi.org/10.1248/cpb.30.1680
https://doi.org/10.1248/cpb.30.1680
https://doi.org/10.1248/cpb.26.3504
https://doi.org/10.1248/cpb.26.3504
https://doi.org/10.1248/cpb.26.3504
https://doi.org/10.1248/cpb.26.3504
https://doi.org/10.1021/ol501359r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol501359r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c03257?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C8CC01735B
https://doi.org/10.1039/C8CC01735B
https://doi.org/10.1039/C8CC01735B
https://doi.org/10.1021/acs.orglett.6b02731?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.6b02731?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.6b02731?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.3762/bjoc.12.1
https://doi.org/10.3762/bjoc.12.1
https://doi.org/10.26434/chemrxiv-2022-jcqcr
https://doi.org/10.26434/chemrxiv-2022-jcqcr
https://doi.org/10.26434/chemrxiv-2022-jcqcr
https://doi.org/10.26434/chemrxiv-2022-jcqcr?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja036838e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja036838e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1007/BF01169068
https://doi.org/10.1007/BF01169068
https://doi.org/10.1021/jo0483724?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo0483724?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo0483724?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/joc?ref=pdf
https://doi.org/10.1021/acs.joc.2c01597?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

