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ABSTRACT: A novel cascade reaction to prepare spirocarbocyclic
compounds from chlorosulfate derivatives has been developed. The
process involves an unusual thermal elimination of the chlorosulfate
moiety, a ring-expansion reaction, and a subsequent cationic
cyclization reaction. Despite the relatively complex skeletal
rearrangement, the reaction described here is featured by its
operational simplicity, being just a thermal process that does not
require additional reagents, catalysts, or additives.

M olecules containing a spirocyclic motif have been
established as an important class of organic compounds.
The tetrahedral nature of the spirocarbon atom confers these
molecules well-defined 3D spatial arrangements, and so many
spirocyclic compounds specifically bind to enzymes and other
biological receptors. Not surprisingly, many natural products,’
drugs,2 odorants,” and other biological active molecules contain
in their structure a spirocarbocycle (some representative
examples are shown in Figure 1).* Also, owing to the rigidity

elatol Me

(R)-SPINOL

fredericamycin

Figure 1. Interesting molecules containing a spirocarbocycle.

of spiranic carbocycles, compounds of this type are being widely
used as ligands in asymmetric catalysis (i.e., SPINOL; see Figure
1).” From the synthetic point of view, access to spirocarbocycles
is a challenging task because creating the spiro quaternary
carbon is usually a difficult synthetic transformation. All of these
features make spirocarbocycles attractive synthetic targets, and
substantial research in the field has been published.® However,
the development of new approaches to synthesize spirocarbo-
cycles is an area of undoubted interest.

On the contrary we have recently reported the synthesis of
cyclohexenyl halides through a cationic cyclization reaction of
pentyn-5-ol derivatives (Scheme 1a).” This reaction proceeds
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through an acid-promoted dehydration reaction to generate
cationic species I. Intramolecular trapping of this cation by the
addition of the alkyne forms an alkenyl cation that in the
presence of a halogen source generates the final cyclohexenyl

halides.®
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Also, we have recently reported an unusual reaction of alkyne-
containing chlorosulfate derivatives to get sultones (Scheme
1b).” This thermal reaction proceeds through an initial ring-
expansion process that renders an ionic pair II, which after an
elimination reaction and the subsequent addition of the in-situ-
formed chlorosulfonic acid forms the final sultone derivatives.

Taking into account all of this precedent work, we conceived a
new method to get spirocarbocycles from simple chlorosulfate
derivatives based on a cascade ring-expansion/cationic cycliza-
tion/halide-trapping process (Scheme 1c). More precisely, we
considered that chlorosulfate derivatives 1, similar to those
shown in Scheme 1b but containing a longer chain connecting
the alkyne and the quaternary carbon, should evolve under
thermal conditions to get cationic species 2 through a ring-
expansion reaction. Considering our work shown in Scheme 1a,
this cation could be trapped by the alkyne to form alkenyl cation
3, which, in the presence of a halogen source, should render
spirocarbocycles 4. Details of the development of this cascade
process and other related reactions aimed to the synthesis of
spirocarbocycles are shown herein.

In our initial experiment, chlorosulfate derivative 1a was used
as a model substrate to explore the viability of the proposed
strategy (Table 1, entry 1). Thus, taking into account our

Table 1. Initial Experiments

50°C, 42 h
1a, 5-8
entry starting mat. X yield (%)“
1 1a Clso, 922
2 5 MeSO, b
3 6 4-MeC4H,SO, b
4 7 CF,S0, 4
5 8 H 4

“Based on la and 5-8. bStarting material recovered. “Reaction
performed in the presence of 1 equiv of HBF,-Et,0. dComplex
mixture of unidentified products.

previous research,”” we simply heated this compound to 50 °C
in 1,2-dichloroethane as the solvent and the source of chloride.
Gratifyingly, we observed the clean formation of the desired
[5.6] spirocarbocycle 4a in very high yield (92%). Considering
that in this reaction the chlorosulfate group formally acted as a
leaving group, we thought that other leaving groups could also
be appropriate in this transformation. Thus, to determine if this
new reaction was specific to chlorosulfates or if it could be
performed with related reagents, we did some additional
experiments. We tried the reaction with starting materials such
as mesylate (5), tosylate (6), and triflate (7) derivatives (Table
1, entries 2—4). Despite containing excellent leaving groups, low
reactivity and the formation of complex mixtures was observed
when they were reacted under identical conditions to those
previously applied for chlorosulfate 1a. We also considered the
possibility of getting our desired product 4a from alcohol 8
(Table 1, entry 5). From this starting material, we thought that
the formation of the initial cation II (see Scheme 1b) could be
promoted by an acid. However, when this alcohol 8 was reacted
with one equivalent of tetrafluoroboric acid (HBF,) in 1,2-

dichloroethane, we observed the formation of complex mixtures
of products where the desired [5.6] spirocarbocycle 4a could not
be identified. All of these experiments showed that the proposed
strategy to get spirocarbocycles was viable but only when
chlorosulfate derivatives were used as starting materials.'” The
absence of reactivity, under our reaction conditions, of the
mesylate and tosylate derivatives could be associated with their
poorer leaving group ability (OMs < OTs < OSO,Cl < OTf).
On the contrary, the triflate derivative seemed to be too
reactive.''

At this point, it should be noted that most of the known
reactivity of chlorosulfates is limited to formal substitutions of
the chlorine atom by nucleophiles.'” Consequently, the
previously described reaction supposes a new application of
chlorosulfate derivatives in organic synthesis. It should also be
noted that the new reaction described here does not require any
reagent or additive and is just a thermal process. This makes this
reaction different from our previous work on the synthesis of
alkenyl halides where an acid was required to promote the
reaction.”

Next, we explored the scope of the reaction on different
substrates (Scheme 2). To get spirocarbocycles substituted with

Scheme 2. Synthesis of Alkenyl-Halide-Containing
Spirocarbocycles 4
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“Solvent = 1,2-dichloroethane. bSolvent = dibromomethane. “Solvent
= iodomethane; reactions performed in a sealed tube.

different halogen atoms, the reactions were performed with
different halogenated solvents (1,2-dichloroethane, dibromo-
methane, or methyl iodide). Thus considering that these
solvents also served as a source of halide,”"” several spirocyclic
compounds containing an alkenyl chloride, bromide, or iodide
were obtained in high yield. As shown, [5.5], [5.6], and [5.7]
spirocarbocycles were easily obtained. However, regarding the
new carbocycle containing the alkenyl halide moiety, we were
not able to extend the method to the synthesis of other cycles
different from a six-membered ring,”

Interestingly, this method could be adapted to get spirocyclic
compounds containing a ketone functionality (Scheme 3). Thus
when the solvent of the reaction was changed from a
halogenated one to wet hexafluoro-2-propanol,”” ketones 9
were isolated in high yields. These products are supposed to be
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Scheme 3. Synthesis of Ketone-Derived Spirocarbocycles 9
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formed when the cation 3, generated after the ring-expansion/
cyclization cascade process (see Scheme 1c), is trapped by a
molecule of water to form an enol intermediate that
tautomerizes to deliver the corresponding ketones 9.

Finally, we demonstrated that the originally proposed cascade
sequence to get spirocarbocycles (see Scheme 1c) could be
tuned by introducing other nucleophiles, different from an
alkyne, that are able to trap the in-situ-formed cation similar to 2.
More precisely, we considered that chlorosulfates 10, containing
an aromatic ring, could be precursors of cations 11, which, after a
Friedel—Crafts-type cyclization, should deliver a new type of
spirocarbocycles 12 (Scheme 4). In fact, when chlorosulfate

Scheme 4. Synthesis of Aromatic Fused Spirocarbocycles 12
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“Obtained as a 4:1 mixture of 6'-methoxy/8’-methoxy derivatives.

derivatives 10 were heated to 50 °C in 1,2-dichloroethane for 42
h, we observed the clean formation of the new [4.6], [5.5], or
[5.6] spirocarbocycles 12 in very high yield.

In conclusion, a new method for synthesizing spirocarbo-
cycles is described. More precisely, we have found that simple
chlorosulfate derivatives may be easily transformed into
spirocarbocycles through a cascade reaction that includes a
ring-expansion process and a cationic cyclization. This intricate
rearrangement simply occurs by heating a solution of the starting
material in an appropriate solvent without the need for any
additional reagent or catalyst. The simplicity of the starting
materials and procedure makes this reaction a useful alternative
strategy to synthesize spirocarbocycles containing additional
functionalities for subsequent transformations. Considering the
limited reported applications of chlorosulfates, the work
presented here further expands the utility of these molecules
in organic synthesis.

B ASSOCIATED CONTENT
© Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01101.

Experimental details and characterization data for all new
compounds (PDF)

B AUTHOR INFORMATION
Corresponding Author

Felix Rodriguez — Instituto Universitario de Quimica
Organometalica “Enrique Moles”, Universidad de Oviedo, E-
33006 Oviedo, Spain; ® orcid.org/0000-0003-2441-1325;
Email: frodriguez@uniovi.es

Authors

Lara Cala — Instituto Universitario de Quimica Organometalica
“Enrique Moles”, Universidad de Oviedo, E-33006 Oviedo, Spain

Rubén Rubio-Presa — Instituto Universitario de Quimica
Organometalica “Enrique Moles”, Universidad de Oviedo, E-
33006 Oviedo, Spain; ® orcid.org/0000-0002-9938-2058

Olaya Garcia-Pedrero — Instituto Universitario de Quimica
Organometalica "Enrique Moles”, Universidad de Oviedo, E-
33006 Oviedo, Spain

Francisco J. Fananas — Instituto Universitario de Quimica
Organometalica “Enrique Moles”, Universidad de Oviedo, E-
33006 Oviedo, Spain

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.0c01101

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We acknowledge financial support from the Spanish Ministerio
de Ciencia, Innovacion y Universidades (grant CTQ2016-
76794-P and FPU-predoctoral grant to L.C.) and from the
Consejeria de Empleo, Industria y Turismo del Principado de
Asturias (grant ID1/2018/000231).

B REFERENCES

(1) Smith, L. K; Baxendale, I. Total Syntheses of Natural Products
Containing Spirocarbocycles. Org. Biomol. Chem. 2015, 13, 9907—
9933.

(2) (a) Molvi, K. L; Haque, N; Awen, B. Z. S.; Zameeruddin, M.
Synthesis of Spiro Compounds as Medicinal Agents; New Oppor-
tunities for Drug Design and Discovery. World J. Pharm. Sci. 2014, 3,
536—563. (b) Zheng, Y.; Tice, C. M,; Singh, S. B. The Use of
Spirocyclic Scaffolds in Drug Discovery. Bioorg. Med. Chem. Lett. 2014,
24, 3673—3682.

(3) See, for example: (a) Kraft, P.; Eichenberger, W.; Frech, D. From
Vetiver to Patchouli: Discovery of a New High-Impact Spirocyclic
Patchouli Odorant. Eur. J. Org. Chem. 2005, 2005, 3233—324S5.
(b) Kraft, P.; Bruneau, A. Ring Reversal of a Spirocyclic Patchouli
Odorant: Molecular Modeling, Synthesis, and Odor of 6-Hydroxy-
1,1,6-trimethylspiro[4.5]decan-7-one. Eur. J. Org. Chem. 2007, 2007,
2257-2267. (c) Kraft, P.; Denizot, N. Synthesis of a Spirocyclic Seco
Structure of the Principal Vetiver Odorant Khusimone. Eur. ]. Org.
Chem. 2013, 2013, 49—38.

(4) See, for example: Lo, M. M. C.; Neumann, C. S.; Nagayama, S.;
Perlstein, E. O.; Schreiber, S. L. A Library of Spirooxindoles Based on a
Stereoselective Three-Component Coupling Reaction. J. Am. Chem.
Soc. 2004, 126, 16077—16086.

https://dx.doi.org/10.1021/acs.orglett.0c01101
Org. Lett. XXXX, XXX, XXX—XXX


https://pubs.acs.org/doi/10.1021/acs.orglett.0c01101?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c01101/suppl_file/ol0c01101_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Fe%CC%81lix+Rodri%CC%81guez"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0003-2441-1325
mailto:frodriguez@uniovi.es
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Lara+Cala"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rube%CC%81n+Rubio-Presa"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-9938-2058
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Olaya+Garci%CC%81a-Pedrero"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Francisco+J.+Fan%CC%83ana%CC%81s"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01101?ref=pdf
https://dx.doi.org/10.1039/C5OB01524C
https://dx.doi.org/10.1039/C5OB01524C
https://dx.doi.org/10.1016/j.bmcl.2014.06.081
https://dx.doi.org/10.1016/j.bmcl.2014.06.081
https://dx.doi.org/10.1002/ejoc.200500085
https://dx.doi.org/10.1002/ejoc.200500085
https://dx.doi.org/10.1002/ejoc.200500085
https://dx.doi.org/10.1002/ejoc.200600815
https://dx.doi.org/10.1002/ejoc.200600815
https://dx.doi.org/10.1002/ejoc.200600815
https://dx.doi.org/10.1002/ejoc.201201318
https://dx.doi.org/10.1002/ejoc.201201318
https://dx.doi.org/10.1021/ja045089d
https://dx.doi.org/10.1021/ja045089d
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01101?fig=sch3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01101?fig=sch3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01101?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01101?fig=sch4&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c01101?ref=pdf

Organic Letters

pubs.acs.org/OrgLett

(5) Ding, K.; Han, Z.; Wang, Z. Spiro Skeletons: A Class of Privileged
Structure for Chiral Ligand Design. Chem. - Asian J. 2009, 4, 32—41.

(6) (a) Kotha, S.; Deb, A. S.; Lahiri, K; Manivannan, E. Selected
Synthetic Strategies to Spirocyclics. Synthesis 2009, 2009, 165—193.
(b) D’yakonov, V. A.; Trapeznikova, O. A; de Meijere, A.; Dzhemilev,
U. M. Metal Complex Catalysis in the Synthesis of Spirocarbocycles.
Chem. Rev. 2014, 114, 5775—5814.

(7) (a) Alonso, P.; Pardo, P.; Fontaneda, R.; Fafianas, F. J.; Rodriguez,
F. Synthesis and Applications of Cyclohexenyl Halides Obtained by a
Cationic Carbocyclisation Reaction. Chem. - Eur. ]. 2017, 23, 13158—
13163. For related works, see: (b) Alonso, P.; Fontaneda, R.; Pardo, P.;
Fananas, F. J.; Rodriguez, F. Synthesis of Cyclohexanones through a
Catalytic Cationic Cyclization of Alkynols or Enynes. Org. Lett. 2018,
20, 1659—1662. (c) Fontaneda, R.; Alonso, P.; Fafianas, F. J;
Rodriguez, F. Scalable Synthesis of the Amber Odorant 9-epi-Ambrox
through a Biomimetic Cationic Cyclization/Nucleophilic Bromination
Reaction. Org. Lett. 2016, 18, 4626—4629. (d) Alonso, P.; Pardo, P.;
Galvan, A.; Fananas, F. J.; Rodriguez, F. Synthesis of Cyclic Alkenyl
Triflates by a Cationic Cyclization Reaction and its Application in
Biomimetic Polycyclizations and Synthesis of Terpenes. Angew. Chem.,
Int. Ed. 2015, 54, 15506—15510. (e) Alonso, P.; Pardo, P.; Fananas, F.
J.; Rodriguez, F. A Fast, Efficient and Simple Method for the Synthesis
of Cyclic Alkenyl Fluorides by a Fluorinative Carbocyclization
Reaction. Chem. Commun. 2014, 50, 14364—14366.

(8) For some recent works on the generation and reactivity of alkenyl
cations, see: (a) Ge, C.; Wang, G.; Wu, P.; Chen, C. Synthesis of
Naphthalenyl Triflates via the Cationic Annulation of Benzodiynes with
Triflic Acid. Org. Lett. 2019, 21, 5010-5014. (b) Su, X.; Chen, B,
Wang, S.; Chen, H.; Chen, C. Atom- and Step-Efficient Construction of
Five-Membered Carbocycles with Alkenes and Alkynes Catalyzed by
AgSbF,. ACS Catal. 2018, 8, 7760—776S. (c) Zeng, X; Liu, S;
Hammond, G. B.; Xu, B. Hydrogen-Bonding-Assisted Brensted Acid
and Gold Catalysis: Access to Both (E)- and (Z)-1,2-Haloalkenes via
Hydrochlorination of Haloalkynes. ACS Catal. 2018, 8, 904—909.
(d) Pérez-Saavedra, B.; Vazquez-Galifianes, N.; Saa, C.; Fafanas-
Mastral, M. Copper(I)-Catalyzed Tandem Carboarylation/Cyclization
of Alkynyl Phosphonates with Diaryliodonium Salts. ACS Catal. 2017,
7, 6104—6109. (e) Su, X.; Sun, Y.; Yao, J.; Chen, H.; Chen, C. Acid-
Promoted Bicyclization of Arylacetylenes to Benzobicyclo[3.2.1]-
octanes through Cationic Rearrangements. Chem. Commun. 2016, S2,
4537—4540. (f) Peng, J.; Chen, C.; Chen, J.; Su, X; Xi, Z.; Chen, H. Cu-
Catalyzed Arylcarbocyclization of Alkynes with Diaryliodonium Salts
through C—C Bond Formation on Inert C(q,3)-H Bond. Org. Lett. 2014,
16, 3776—3779. (g) Jin, T.; Uchiyama, J.; Himuro, M.; Yamamoto, Y.
Triflic Acid-Catalyzed Cascade Cyclization of Arenyl Enynes via
Acetylene-Cation Cyclization and Friedel—Crafts Type Reaction.
Tetrahedron Lett. 2011, 52, 2069—2071.

(9) Cala, L; Rivilla, I; Cossio, F. P.; Fafianas, F. J.; Rodriguez, F.
Synthesis of Sultones from Chlorosulfates by a Complex Cascade
Reaction Occurring under Mild Thermal Conditions. Chem. - Eur. J.
2019, 25, 13083—13087.

(10) The evolution of chlorosulfate 1 to the corresponding cation
(ionic pair) 2 is believed to occur through a cascade process that implies
an initial [2,3]-sigmatropic rearrangement of the chlorosulfate group
and a simultaneous [1,2]-alkyl shift. For a computational study on this
atypical formal type-I dyotropic rearrangement, see ref 9.

(11) We suspect that trace amounts of triflic acid are formed from
triflate derivative 7 under the reaction conditions. This strong acid
could promote the undesired decomposition or polymerization
reactions of the starting material or products.

(12) See, for example: (a) Simpson, L. S.; Widlanski, T. S. A
Comprehensive Approach to the Synthesis of Sulfate Esters. ]. Am.
Chem. Soc. 2006, 128, 1605—1610. (b) Kerns, R. J.; Linhardt, R. ]J.
Selective N-Sulfation of Glucosamine Derivatives using Phenyl
Chlorosulfate in Non-Aqueous Solvent. Synth. Commun. 1996, 26,
2671-2680. (c) Buncel, E. Chlorosulfates. Chem. Rev. 1970, 70, 323—
337.

(13) For related works where the solvent also serves as halogen source
to trap an alkenyl cation inermediate, see: (a) Miranda, P. O.; Carballo,

R. M,; Ramirez, M. A;; Martin, V. S.; Padron, J. I. Unexpected Halogen
Exchange with Halogenated Solvents in the Iron(III) Promoted Oxa-
Alkyne and Aza-Alkyne Prins Cyclizations. ARKIVOC 2006, 2007,
331-343. (b) Sun, J; Kozmin, S. A. Brensted Acid-Promoted
Cyclizations of 1-Siloxy-1,5-diynes. . Am. Chem. Soc. 2005, 127,
13512—13513. (c) Balog, A.; Geib, S. J.; Curran, D. P. Additive and
Medium Effects on Lewis Acid-Promoted Cationic 7-Cyclizations of
Alkenyl- and Alkynylcyclopentane-1,3-diones. J. Org. Chem. 1995, 60,
345—352. (d) Johnson, W. S.; Ward, C. E.; Boots, S. G.; Gravestock, M.
B.; Markezich, R. L; McCarry, B. E.; Okorie, D. A; Parry, R. J.
Formation of Vinyl Halides from Vinyl Cations Generated by
Acetylenic Participation in Biomimetic Polyene Cyclizations. J. Am.
Chem. Soc. 1981, 103, 88—98.

https://dx.doi.org/10.1021/acs.orglett.0c01101
Org. Lett. XXXX, XXX, XXX—XXX


https://dx.doi.org/10.1002/asia.200800192
https://dx.doi.org/10.1002/asia.200800192
https://dx.doi.org/10.1055/s-0028-1083300
https://dx.doi.org/10.1055/s-0028-1083300
https://dx.doi.org/10.1021/cr400291c
https://dx.doi.org/10.1002/chem.201702490
https://dx.doi.org/10.1002/chem.201702490
https://dx.doi.org/10.1021/acs.orglett.8b00437
https://dx.doi.org/10.1021/acs.orglett.8b00437
https://dx.doi.org/10.1021/acs.orglett.6b02266
https://dx.doi.org/10.1021/acs.orglett.6b02266
https://dx.doi.org/10.1021/acs.orglett.6b02266
https://dx.doi.org/10.1002/anie.201508077
https://dx.doi.org/10.1002/anie.201508077
https://dx.doi.org/10.1002/anie.201508077
https://dx.doi.org/10.1039/C4CC07376B
https://dx.doi.org/10.1039/C4CC07376B
https://dx.doi.org/10.1039/C4CC07376B
https://dx.doi.org/10.1021/acs.orglett.9b01590
https://dx.doi.org/10.1021/acs.orglett.9b01590
https://dx.doi.org/10.1021/acs.orglett.9b01590
https://dx.doi.org/10.1021/acscatal.8b02448
https://dx.doi.org/10.1021/acscatal.8b02448
https://dx.doi.org/10.1021/acscatal.8b02448
https://dx.doi.org/10.1021/acscatal.7b03563
https://dx.doi.org/10.1021/acscatal.7b03563
https://dx.doi.org/10.1021/acscatal.7b03563
https://dx.doi.org/10.1021/acscatal.7b02434
https://dx.doi.org/10.1021/acscatal.7b02434
https://dx.doi.org/10.1039/C6CC00452K
https://dx.doi.org/10.1039/C6CC00452K
https://dx.doi.org/10.1039/C6CC00452K
https://dx.doi.org/10.1021/ol501655g
https://dx.doi.org/10.1021/ol501655g
https://dx.doi.org/10.1021/ol501655g
https://dx.doi.org/10.1016/j.tetlet.2010.10.094
https://dx.doi.org/10.1016/j.tetlet.2010.10.094
https://dx.doi.org/10.1002/chem.201903228
https://dx.doi.org/10.1002/chem.201903228
https://dx.doi.org/10.1021/ja056086j
https://dx.doi.org/10.1021/ja056086j
https://dx.doi.org/10.1080/00397919608004583
https://dx.doi.org/10.1080/00397919608004583
https://dx.doi.org/10.1021/cr60265a002
https://dx.doi.org/10.3998/ark.5550190.0008.430
https://dx.doi.org/10.3998/ark.5550190.0008.430
https://dx.doi.org/10.3998/ark.5550190.0008.430
https://dx.doi.org/10.1021/ja055054t
https://dx.doi.org/10.1021/ja055054t
https://dx.doi.org/10.1021/jo00107a012
https://dx.doi.org/10.1021/jo00107a012
https://dx.doi.org/10.1021/jo00107a012
https://dx.doi.org/10.1021/ja00391a017
https://dx.doi.org/10.1021/ja00391a017
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c01101?ref=pdf

