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ABSTRACT: Two total syntheses are presented for trigoxyphins K and L, tricyclic terpenoids from Trigonostemon xyphophylloides.
The first proceeds via electrophlic cyclization in A/C-ring substrates to close the B ring at C4—CS and then 'O,-mediated
hydroxybutenolide formation to trigoxyphin L, with Luche reduction leading to trigoxyphin K. The second route develops from
tetralone ring expansion to a B/C-ring intermediate that, by one-step O-demethylation—lactonization—isomerization, affords
trigoxyphin K and then trigoxyphin L following enolate oxygenation.

he “degraded diterpenes” trigoxyphins K and L (Figure
1)" are two of many secondary metabolites of terpenoid
origin to be isolated from Trigonostemon xyphophylloides, a

flowering plant of the Euphorbiaeceae family. The structures 7] 7]

were established by extensive nuclear magnetic resonance 0 o N
(NMR) spectroscopic analysis; although both are chiral, no . ‘ A .

specific rotation data are reported, and therefore, it is not 1. trigoxyphin K 2, trigoxyphin L 3 4
known whether trigoxyphin K, at least, is obtained as a single Figure 1. Trigoxyphins K and L and potential precursor 3 via

enantiomer (trigoxyphin L would likely racemize rapidly in compound 4.
solution). As a result of near simultaneous reports from
different researchers of further metabolites from the same
plant, the names trigoxyphins J and K were attributed to two
daphnane diterpenoids” unrelated in structure to trigoxyphins J
and K reported by Wu and Han. These trigoxyphins have been
found in other plants of the Euphorbiaceae family; for example,
trlgoxyphln K was isolated from the stem bark of Sagotia
racemosa,” and trigoxyphin L was isolated from the roots and
leaves of Strophioblachia glandulosa,® although in the
publication the structure depicted was incorrectly attributed
to trigoxyphin K. Many of the metabolites are appreciably toxic
against human cancer cell lines, and beneficial cardiovascular
effects have been attributed to trigoxyphin K in a series of
patents.5

Arising from our research on harnessing engineered
cytochrome P450p,; variants for a variety of synthetic
applications, we considered the relatively simple structures of
trigoxyphins K and L to provide an arena for evaluating a
double enzymatic oxidation of precursors, such as tricyclic
furan 3. Here, the furan would be oxidized®’ to the
(hydroxy)butenolide and the benzene ring would be
hydroxylated® with reactivity and selectivity tuned by choice
of the P450p); variant. This paper reports the synthesis of

tricycle 3, planned to be obtained by Brensted-acid-initiated
cyclization of biaryl 4, and two separate chemical total
syntheses of trigoxyphins K and L. The metabolites generated
by enzymatic oxidation of compound 3 and related compounds
will be described elsewhere.

A short synthesis of oxidation precursor 3 was envisaged, in
which the cycloheptane (B) ring would be obtained by
connection of the C4—CS bond by acidic activation of the
prenyl substituent in biaryl derivative 4, which, in turn, was
planned to be prepared by prenylation of Suzuki coupling’
product § (Scheme 1). Lithium—halogen exchange in
compound $ and alkylation with prenyl bromide proved
unsatisfactory because the organometallic compound had
marginal stability at a temperature much above that of its
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Scheme 1. Synthesis of 12-Deoxytrigoxyphins K and L
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Scheme 2. Initial Synthesis of Trigoxyphins K and L (Route 1)
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generation; however, complete alkylation with the more loading to 2 mol % (cf. reported conditions: neat and 20 mol %
reactive electrophile prenal was achieved at —78 °C to give catalyst, respectively). Intramolecular aldol condensation under
alcohol 6. Attempts to employ this alcohol as a cationic classical conditions gave cyclohexenone 15, which was
cyclization precursor resulted in either simple elimination or efficiently methylenated'” (— 16) and aromatized under
intractable product mixtures. Instead, Lewis acid activation'’ of basic conditions'® to generate phenol derivative 17. The
epoxide 7, formed from compound 6 as a single diaster- crucial acid-catalyzed cyclization to close the B ring was
eomer,'" afforded tricyclic product 8 (from which the relative expected to require carefully chosen conditions because of the
configuration in epoxide 7 was confirmed retrospectively). natural tendency of furans to decompose in the presence of
Pinacol-type rearrangement12 (= 9) and Wolff—Kishner both protic and Lewis acids, which, here, would be exacerbated
reduction completed the synthesis, in six steps overall. Neither by attachment to a free phenol. The lack of simple alkenes as
enzymatic nor chemical installation of the 12-OH substituent electrophiles in Tanis’ work'” and a 0% yield in a related
could be achieved from tricycle 3, but furan oxidation under cyclization19 gave further cause for concern. Noting the
Faulkner’s conditions'® afforded 12-deoxytrigoxyphin L 10, particular effectiveness of 1,1,1,3,3,3-hexafluoroisopropanol
which gave the trigoxyphin K analogue 11 upon Luche (HFIP)*® as an additive in promoting camphor sulfonic acid
reduction."* (CSA)-catalyzed tandem cyclizations, Spivey’s reported
Adapting this route to incorporate the C12 phenol at the conditions”" were applied to intermediate 17. In the event,
outset was expected to excessively frontload the synthesis with cyclization progressed steadily to give tricyclic phenol 18, with
extra steps needed to access the appropriate benzenoid partner the only complication arising from competing deprenylation of
for the Suzuki coupling. Accordingly, the next iteration sought the substrate. Trigoxyphins L and K were then obtained by the
to establish the C ring by Robinson annulation, in which the singlet oxidation and Luche reduction steps used previously.
prenyl side chain would already be present. This new sequence Both sequences developed to this point started with
began with Grignard addition to Weinreb amide 12'° (Scheme relatively expensive 3-substituted furan derivatives: the boronic
2) and then silylation of the so-formed ketone 13 in readiness acid in the first route and the carboxylic acid in the second
for 1,4-addition to methyl vinyl ketone (MVK). This step (— route. Routes originating with the more accessible 2-
14) was most effectively achieved by a modification of Loh’s substituted furans are, however, complicated by the gem-
method with indium(III) chloride.'® For this application, to dimethyl functionality, and therefore, an alternative strategy
avoid extensive tarring of the furan derivative, the reaction was was considered. In this third approach, the A ring would be
moderated by including a solvent and keeping the catalyst formed as the final step from an appropriately functionalized 2-
7508 https://doi.org/10.1021/acs.orglett.3c02796
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Scheme 3. Improved Synthesis of Trigoxyphins K and L (Route 2)
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benzosuberone that, in turn, would be obtained from the ring
expansion of known tetralone derivative 19 (Scheme 3). This
ketone, obtained in three steps (~50% vyield) from 2-
methylanisole,”” was dimethylated”® (= 20) and converted
into the corresponding alkene 21 by Wittig methylenation
under standard conditions. In model studies of the ring
expansion of 1-methylene-1,2,3,4-tetrahydronaphthalene and
its 2,2-dimethyl derivative, Silva’s modification”* of Koser’s
method with [hydroxy(tosyloxy)iodo]benzene (HTIB)>® was
found to work well. With alkene 21, however, isolated yields
were much reduced because of the ease of oxidation of the
methylene group flanked by carbonyl functionality and an
electron-rich aromatic system in the product. Efficient reaction
was restored by replacing Silva’s combination of iodobenzene
and meta-chloroperbenzoic acid (mCPBA) with a slight excess
of (diacetoxy)iodobenzene, affording cycloheptanone deriva-
tive 22. The reaction conditions for a one-step method”® using
glyoxylic acid to introduce the hydroxybutenolide functionality
required for trigoxyphin L worked well in the above-mentioned
model study; however, this process proved too harsh for
ketone 22, and complex reaction mixtures resulted. Eventually,
the most direct solution was found in enolate alkylation and
then treatment of the so-formed keto ester 23 with boron
tribromide. This latter reagent not only removed the phenolic
O-methyl substituent as expected’’ but also promoted
lactonization and alkene isomerization™® to deliver trigoxyphin
K directly.”” In a reversal of the final end-game steps in the
previous two routes, trigoxyphin K was converted into
trigoxyphin L by oxygenation of the extended enolate formed
under reversible conditions.*’

This project was predicated on the general idea that late-
stage oxidation of (mainly) hydrocarbon precursors could
deconstrain the analysis of target synthesis problems. Had our
initial efforts (Scheme 1) led to a direct incorporation of the
bare prenyl side chain rather than the benzylic alcohol (in
compound 6), access to target 3 would have been achieved in
just three steps. Complications arising from this unwanted
hydroxyl substituent necessitated raising the oxidation level (to
the epoxide 7) to enable clean cyclization of the B ring; in turn,
this meant that two further steps were necessary to remove the
diol functionality. Conceptually, then, this project taught that
the advantage that a late-stage oxidation approach may bring to
synthesis can be undone by redox inefficiencies in accessing
low-oxidation-state substrates.

In the first complete route (Scheme 2), direct methylenation
and isomerization of the Robinson annulation product 15

7509

streamlined access to the B-ring cyclization precursor, leading
to a highlight of this route in the CSA/HFIP-mediated
cyclization, the first case of such a furan-terminated 7-endo-trig
cyclization onto a simple (unconjugated) alkene. Essentially all
the steps in the sequence are strategic C—C bond-forming or
redox processes, and the total syntheses are just one step
longer than the route to the 12-deoxy analogues.

The second complete route (Scheme 3) dispensed with the
previous “furan first” approach, which enabled a much more
satisfying synthesis that would, in principle, be shortened
further by an efficient direct ring expansion from 20 — 22.
Here, the finding that the conditions for de-O-methylation
would also complete the butenolide formation led to a direct
synthesis of trigoxyphin K and then trigoxyphin L in a logical
order from a redox perspective. The overall route is short (8—9
steps), efficient (~10% overall; >75% average per step), and
both practical and scalable, appropriate for the production of
analogues by variation of the initial benzocycloalkanone and
the introduced alkyl substituents.

Further supporting synthetic studies in this project and the
outcomes of enzymatic screening applied to compound 3 and
related substrates will be reported in due course.

B ASSOCIATED CONTENT

Data Availability Statement

The data underlying this study are available in the published
article and its Supporting Information.

@ Supporting Information

The Supporting Information is available free of charge at

https://pubs.acs.org/doi/10.1021/acs.orglett.3c02796.

Experimental procedures, characterization data, and
copies of 'H and *C NMR spectra for all compounds
(PDF)

B AUTHOR INFORMATION
Corresponding Author

Jeremy Robertson — Department of Chemistry, University of
Oxford, Oxford OX1 3TA, United Kingdom; Oxford Suzhou
Centre for Advanced Research, Suzhou, Jiangsu 215123,
People’s Republic of China; © orcid.org/0000-0002-6809-
8265; Email: jeremy.robertson@chem.ox.ac.uk

https://doi.org/10.1021/acs.orglett.3c02796
Org. Lett. 2023, 25, 75077511


https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.3c02796/suppl_file/ol3c02796_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.3c02796?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.3c02796/suppl_file/ol3c02796_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jeremy+Robertson"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-6809-8265
https://orcid.org/0000-0002-6809-8265
mailto:jeremy.robertson@chem.ox.ac.uk
https://pubs.acs.org/doi/10.1021/acs.orglett.3c02796?fig=sch3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.3c02796?fig=sch3&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.3c02796?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Organic Letters

pubs.acs.org/OrglLett

Authors

Shuyang Li — Department of Chemistry, University of Oxford,
Oxford OX1 3TA, United Kingdom; ® orcid.org/0000-
0002-6219-6614

Jack A. O’'Hanlon — Department of Chemistry, University of
Oxford, Oxford OX1 3TA, United Kingdom

Andrew Mattimoe — Department of Chemistry, University of
Oxford, Oxford OX1 3TA, United Kingdom

Helena D. Pickford — Department of Chemistry, University of
Oxford, Oxford OX1 3TA, United Kingdom

Lucy A. Harwood — Department of Chemistry, University of
Oxford, Oxford OX1 3TA, United Kingdom; © orcid.org/
0000-0003-1683-5160

Luet L. Wong — Department of Chemistry, University of
Oxford, Oxford OX1 3QR, United Kingdom; Oxford Suzhou
Centre for Advanced Research, Suzhou, Jiangsu 215123,
People’s Republic of China; © orcid.org/0000-0003-4875-
1092

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.3c02796

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

Jack A. O’Hanlon is grateful to the Engineering and Physical
Sciences Research Council (EPSRC) and Syngenta for a
studentship. Lucy A. Harwood thanks the EPSRC Centre for
Doctoral Training in Synthesis for Biology and Medicine (EP/
L015838/1) for a studentship, generously supported by
AstraZeneca, Diamond Light Source, Defence Science and
Technology Laboratory, Evotec, GlaxoSmithKline, Janssen,
Novartis, Pfizer, Syngenta, Takeda, UCB, and Vertex.

B REFERENCES

(1) Yang, B.; Chen, G.-Y,; Song, X.-P.; Yang, L.-Q.; Wu, X.-Y.; Han,
C.-R; Chen, W.-H,; Zou, B.-Y;; Li, X.-M. Five New Degraded
Diterpenoids from Trigonostemon xyphophylloides. Bioorg. Med. Chem.
Lett. 2013, 23, 5748—5751.

(2) Yu, L; Zuo, W.-j.; Mei, W.-L; Guo, Z.-k; Li, X.-n; Dai, H-f.
Three New Terpenoids from Trigonostemon xyphophylloides (Croiz.)
LK. Dai and T.L. Wu. Phytochem. Lett. 2013, 6, 472—475.

(3) Remy, S.; Solis, D.; Silland, P.; Neyts, J.; Roussi, F.; Touboul, D.;
Litaudon, M. Isolation of Phenanthrenes and Identification of Phorbol
Ester Derivatives as Potential Anti-CHIKV Agents using FBMN and
NAP from Sagotia racemosa. Phytochem. 2019, 167, No. 112101.

(4) Kaunda, J. S; Xu, Y.-J; Zhang, R-H,; Zhang, X.-J.; Li, X.-L;
Xiao, W.-L. Diterpenoids from Strophioblachia glandulosa and their
NLRP3 Inflammasome Inhibitory Effects. Chem. Biodiversity 2022, 19,
No. €202200838.

(5) (a) Tian, L. Trigoxyphin K Application in Drug for Elevating
Erythrocyte Level. CN Patent 103720686, 2014. (b) Tian, L.
Application of Trigoxyphin K in Drugs Used for Treating Rhinitis.
CN Patent 103751170, 2014. (c) Tian, L. Application of Trigoxyphin
K in Drugs Used for Treating or Preventing Acute Cardiac Failure.
CN Patent 103751176, 2014. (d) Tian, L. Application of Trigoxyphin
K in Blood Vessel Expanding Drug. CN Patent 103751177, 2014.
(e) Tian, L. Application of Trigoxyphin K in Drugs Used for
Increasing Platelet. CN Patent 103751178, 2014.

(6) Syntrivanis, L.-D.; Wong, L. L.; Robertson, J. Hydroxylation of
Eleuthoside Synthetic Intermediates by P450g,; (CYP102A1). Eur. J.
Org. Chem. 2018, 2018, 6369—6378.

(7) (a) Asta, C; Schmidt, D.; Conrad, J.; Forster-Fromme, B.;
Tolasch, T.; Beifuss, U. The First Enzymatic Achmatowicz Reaction:

7510

Selective Laccase-Catalyzed Synthesis of 6-Hydroxy-(2H)-pyran-
3(6H)-ones and (2H)-Pyran-2,5(6H)-diones. RSC Adv. 2013, 3,
19259—-19263. (b) Thiel, D.; Dokni¢, D.; Deska, J. Enzymatic Aerobic
Ring Rearrangement of Optically Active FurylCarbinols. Nat.
Commun. 2014, S, 5278. (c) Fernandez-Fueyo, E.; Younes, S. H.
H.; Rootselaar, S. v.; Aben, R. W. M,; Renirie, R,; Wever, R;
Holtmann, D.; Rutjes, F. P. J. T.; Hollmann, F. A Biocatalytic Aza-
Achmatowicz Reaction. ACS Catal. 2016, 6, 5904—5907.

(8) O’Hanlon, J. A.; Ren, X.; Morris, M.; Wong, L. L.; Robertson, J.
Hydroxylation of Anilides by Engineered Cytochrome P450g,;. Org.
Biomol. Chem. 2017, 15, 8780—8787.

(9) Jepsen, T. H.; Larsen, M.; Jorgensen, M.; Solanko, K. A.; Bond,
A. D,; Kadziola, A; Nielsen, M. B. Synthesis of Functionalized
Dibenzothiophenes—An Efficient Three-Step Approach Based on Pd-
Catalyzed C—C and C—S Bond Formations. Eur. J. Org. Chem. 2011,
2011, 53—57.

(10) Tanis, S. P.; Herrinton, P. M. Furans in Synthesis. 3. Furans as
Terminators in Cationic Cyclization. J. Org. Chem. 1983, 48, 4572—
4580.

(11) Narula, A. S. Stereoselective Introduction of Chiral Centres in
Acyclic Precursors: A Probe Into the Transition State of m-
Chloroperbenzoic (m-CPBA) Acid Epoxidation of Acyclic Allylic
Alcohols and its Synthetic Implications. Tetrahedron Lett. 1983, 24,
5421—-5424.

(12) Hauser, F. M.; Prasanna, S. Ketone Transposition: 2(1H)-
Tetralones from 1(2H)-Tetralones. Synthesis 1980, 1980, 621—623.

(13) Kernan, M. R; Faulkner, D. J. Regioselective Oxidation of 3-
Alkylfurans to 3-Alkyl-4-Hydroxybutenolides. J. Org. Chem. 1988, 53,
2773-2776.

(14) Miyata, O.; Iba, R; Hashimoto, J.; Naito, T. A Convenient
Route to the Furopyran Core of Dysiherbaine. Org. Biomol. Chem.
2003, 1, 772-774.

(15) Kinoshita, T.; Icbinari, D.; Sinya, J. The Birch Reduction of
Heterocyclic Compounds. 11. Birch Reduction and Reductive
Alkylation of Furamides. J. Heterocycl. Chem. 1996, 33, 1313—1317.

(16) Loh, T.-P.; Wei, L.-L. Indium-Trichloride Catalyzed Michael
Reaction of Silyl Enol Ethers with a,f-Unsaturated Carbonyl
Compounds under Neat Condition. Tetrahedron 1998, 54, 7615—
7624.

(17) Bugarin, A; Jones, K. D.; Connell, B. T. Efficient, Direct a-
Methylenation of Carbonyls Mediated by Diisopropylammonium
Trifluoroacetate. Chem. Commun. 2010, 46, 1715—1717.

(18) Campbell, E; Martin, J. J; Bordner, J.; Kleinman, E. F.
Isoaromatization of 4-Alkylidene-3-oxo-1-cyclohexene-1-carboxylates.
Convenient Synthesis of Methyl 4-Alkyl-3-hydroxybenzoates. J. Org.
Chem. 1996, 61, 4806—4809.

(19) Tanaka, S.; Iwase, S.; Kanda, S; Kato, M.; Kiriyama, Y.;
Kitamura, M. Ruthenium-Catalyzed Asymmetric Dehydrative Allylic
Cyclization of Five-Membered Chalcogen Heteroaromatics. Synthesis
2021, 53, 3121-3128S.

(20) (a) Colomer, 1; Chamberlain, A. E. R; Haughey, M. B;
Donohoe, T. J. Hexafluoroisopropanol as a Highly Versatile Solvent.
Nat. Rev. Chem. 2017, 1, 0088. (b) Motiwala, H. F.; Armaly, A. M,;
Cacioppo, J. G.; Coombs, T. C.; Koehn, K. R. K.; Norwood, V. M.,
IV; Aube, J. HFIP in Organic Synthesis. Chem. Rev. 2022, 122,
12544—12747.

(21) Nielsen, C. D.-T.; Mooij, W. J.; Sale, D.; Rzepa, H. S.; Burés, J;
Spivey, A. C. Reversibility and Reactivity in an Acid Catalyzed
Cyclocondensation to give Furanochromanes — a Reaction at the
‘Oxonium-Prins’ vs. ‘ortho-Quinone Methide Cycloaddition’ Mecha-
nistic Nexus. Chem. Sci. 2019, 10, 406—412.

(22) Zubaidha, P. K; Chavan, S. P.; Racherla, U. S.; Ayyangar, N. R.
Synthesis of (+)Heritol. Tetrahedron 1991, 47, 5759—5768.

(23) Lemmen, P.; Lenoir, D. Reductive Coupling Reactions of
Ketones of the Type of 1-Indanone, 1-Tetralone, and 9-Fluorenone;
Conformational Effects in the Series of Indanylidenindanes and
Tetralinylidenetetralins. Chem. Ber. 1984, 117, 2300—2313.

https://doi.org/10.1021/acs.orglett.3c02796
Org. Lett. 2023, 25, 75077511


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shuyang+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-6219-6614
https://orcid.org/0000-0002-6219-6614
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jack+A.+O%E2%80%99Hanlon"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Andrew+Mattimoe"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Helena+D.+Pickford"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Lucy+A.+Harwood"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-1683-5160
https://orcid.org/0000-0003-1683-5160
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Luet+L.+Wong"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-4875-1092
https://orcid.org/0000-0003-4875-1092
https://pubs.acs.org/doi/10.1021/acs.orglett.3c02796?ref=pdf
https://doi.org/10.1016/j.bmcl.2013.01.112
https://doi.org/10.1016/j.bmcl.2013.01.112
https://doi.org/10.1016/j.phytol.2013.05.014
https://doi.org/10.1016/j.phytol.2013.05.014
https://doi.org/10.1016/j.phytochem.2019.112101
https://doi.org/10.1016/j.phytochem.2019.112101
https://doi.org/10.1016/j.phytochem.2019.112101
https://doi.org/10.1002/cbdv.202200838
https://doi.org/10.1002/cbdv.202200838
https://doi.org/10.1002/ejoc.201801206
https://doi.org/10.1002/ejoc.201801206
https://doi.org/10.1039/c3ra44107e
https://doi.org/10.1039/c3ra44107e
https://doi.org/10.1039/c3ra44107e
https://doi.org/10.1038/ncomms6278
https://doi.org/10.1038/ncomms6278
https://doi.org/10.1021/acscatal.6b01636?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.6b01636?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C7OB02236K
https://doi.org/10.1002/ejoc.201001393
https://doi.org/10.1002/ejoc.201001393
https://doi.org/10.1002/ejoc.201001393
https://doi.org/10.1021/jo00172a026?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00172a026?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S0040-4039(00)87885-5
https://doi.org/10.1016/S0040-4039(00)87885-5
https://doi.org/10.1016/S0040-4039(00)87885-5
https://doi.org/10.1016/S0040-4039(00)87885-5
https://doi.org/10.1055/s-1980-29141
https://doi.org/10.1055/s-1980-29141
https://doi.org/10.1021/jo00247a021?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo00247a021?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/b212556k
https://doi.org/10.1039/b212556k
https://doi.org/10.1002/jhet.5570330451
https://doi.org/10.1002/jhet.5570330451
https://doi.org/10.1002/jhet.5570330451
https://doi.org/10.1016/S0040-4020(98)00394-9
https://doi.org/10.1016/S0040-4020(98)00394-9
https://doi.org/10.1016/S0040-4020(98)00394-9
https://doi.org/10.1039/b924577d
https://doi.org/10.1039/b924577d
https://doi.org/10.1039/b924577d
https://doi.org/10.1021/jo9522724?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo9522724?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1055/a-1523-6826
https://doi.org/10.1055/a-1523-6826
https://doi.org/10.1038/s41570-017-0088
https://doi.org/10.1021/acs.chemrev.1c00749?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C8SC04302G
https://doi.org/10.1039/C8SC04302G
https://doi.org/10.1039/C8SC04302G
https://doi.org/10.1039/C8SC04302G
https://doi.org/10.1016/S0040-4020(01)86527-3
https://doi.org/10.1002/cber.19841170703
https://doi.org/10.1002/cber.19841170703
https://doi.org/10.1002/cber.19841170703
https://doi.org/10.1002/cber.19841170703
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.3c02796?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Organic Letters pubs.acs.org/OrglLett

(24) Ahmad, A.; Scarassati, P.; Jalalian, N.; Olofsson, B.; Silva, L. F.,
Jr. Oxidative Rearrangement of Alkenes Using in situ Generated
Hypervalent lodine(III). Tetrahedron Lett. 2013, 54, 5818—5820.

(25) Justik, M. W.; Koser, G. F. Application of [Hydroxy(tosyloxy)-
iodo]benzene in the Wittig-Ring Expansion Sequence for the
Synthesis of p-Benzocycloalkenones from a-Benzocycloalkenones.
Molecules 2008, 10, 217—-225.

(26) Almohaywi, B.; Yu, T. T.; Iskander, G.; Chan, D. S. H,; Ho, K.
K. K;; Rice, S.; Black, D. S.; Griffith, R.; Kumar, N. Dihydropyrrolones
as Bacterial Quorum Sensing Inhibitors. Bioorg. Med. Chem. Lett.
2019, 29, 1054—1059.

(27) Kosak, T. M.; Conrad, H. A; Korich, A. L.; Lord, R. L. Ether
Cleavage Re-Investigated: Elucidating the Mechanism of BBr;-
Facilitated Demethylation of Aryl Methyl Ethers. Eur. J. Org. Chem.
20185, 2015, 7460—7467.

(28) Metz, G.; Schwenker, G. Intramolecular Cyclocondensation of
4- and S5-Oxocarboxylic Acids to Five- and Six-Membered Ring
Systems. Synthesis 1980, 1980, 394—397.

(29) Mechanistically, lactonization may proceed by initial addition
of either carbonyl oxygen to the other carbonyl carbon followed by
the overall loss of ethanol to form the A*'® isomer of trigoxyphin K,
which then isomerizes to the natural product.

(30) (a) Black, W. C.; Brideau, C.; Chan, C.-C.; Charleson, S.;
Cromlish, W.; Gordon, R;; Grimm, E. L.; Hughes, G.; Leger, S.; Li,
C.-S; Riendeau, D.; Thérien, M.; Wang, Z.; Xu, L.-J.; Prasit, P. 3,4-
Diaryl-S-hydroxyfuranones: Highly Selective Inhibitors of Cyclo-
oxygenase-2 with Aqueous Solubility. Bioorg. Med. Chem. Lett. 2003,
13, 1195-1198. (b) Boukouvalas, J.; Jean, M.-A. Streamlined
Biomimetic Synthesis of Paracaseolide A via Aerobic Oxidation of a
2-Silyloxyfuran. Tetrahedron Lett. 2014, SS, 4248—4250.

7511

https://doi.org/10.1021/acs.orglett.3c02796
Org. Lett. 2023, 25, 75077511


https://doi.org/10.1016/j.tetlet.2013.08.012
https://doi.org/10.1016/j.tetlet.2013.08.012
https://doi.org/10.3390/10010217
https://doi.org/10.3390/10010217
https://doi.org/10.3390/10010217
https://doi.org/10.1016/j.bmcl.2019.03.004
https://doi.org/10.1016/j.bmcl.2019.03.004
https://doi.org/10.1002/ejoc.201501042
https://doi.org/10.1002/ejoc.201501042
https://doi.org/10.1002/ejoc.201501042
https://doi.org/10.1055/s-1980-29034
https://doi.org/10.1055/s-1980-29034
https://doi.org/10.1055/s-1980-29034
https://doi.org/10.1016/S0960-894X(03)00046-5
https://doi.org/10.1016/S0960-894X(03)00046-5
https://doi.org/10.1016/S0960-894X(03)00046-5
https://doi.org/10.1016/j.tetlet.2014.05.054
https://doi.org/10.1016/j.tetlet.2014.05.054
https://doi.org/10.1016/j.tetlet.2014.05.054
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.3c02796?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

