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Abstract: Structural misassignments of natural products are
prevalent in the literature. Developing methods and theoretical
concepts to assist those undertaking structural elucidation is therefore
of paramount importance, such that biologists and synthetic chemists
avoid pursuing phantom chemical entities. Herein described is a
strategy for predicting the isolabilities of oxygen-substituted
bridgehead natural products based on calculations of olefin strain
energies, NMR chemical shifts and coupling constants (DU8+). This
approach provides corroborating evidence for the structures of certain
bridgehead alkene natural products while leading to the reassignment
of several other structures.

Determination of structure is a fundamental pillar of the
discipline of chemistry.l'! However, misinterpretations of
spectroscopic and/or physical data have often been known to
result in structural misassignments. Such occurrences are
particularly prevalent in the natural product (NP) arena, where
complex atom connectivities and stereochemical complexity are
abound.” Considering the extensive time and spectroscopic
demands (e.g. NMR, IR, UV-vis, MS, CD) involved in correctly
elucidating a novel natural product, the prevalence of
misassignments in the literature is perhaps understandable.?!
There are now numerous in silico methods to help with structure
elucidation by predicting spectra (e.g. NMR,#I ECDPl) from
chemical structure input or conversely by predicting chemical
structure from spectroscopic data (e.g. ACDLabs!®). Yet in spite
of these new technologies, misassignments continue to appear.
X-ray crystallographic analysis in principle enables definitive
structural elucidation, but in the NP arena the requisite quantities
of material and suitable crystals are not always available, and
furthermore misinterpretations are not unprecedented.?? Ultimate
proof of proposed structural assignment is often provided via
chemical synthesis and spectroscopic comparison of the
synthesized material with the natural material,??! although recently
developed electron cryo-microscopy methodology could
circumvent this requirement in the future.[”!

Given the above, there are proposed NP structures that
immediately arouse suspicion by virtue of unusual molecular
frameworks, bonding motifs or appended functional groups.®
One noteworthy example is the case of anti-Bredt alkenes. In his
eponymous rule, Bredt stated® that “the terminus of a double
bond cannot exist at the bridgehead position of a caged bicyclic
system”.['% Bredt developed his rule in the early 1900s while
correcting erroneous monoterpene structures, but also
recognized that the rule need not apply above a certain ring size
(i.e. lowering double bond strain).[°
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Since that time there have been numerous NPs isolated
which have been proposed, and in certain cases confirmed, to

contain a bridgehead double bond.d Yet there are other NP

structures which seem to be “anti-Bredt” in the sense that they
appear too strained to survive under normal laboratory conditions.
Distinguishing these unlikely structures from more reasonable
bridgehead alkenes is a challenge.

Recently, we demonstrated that the stabilities of bridgehead
alkene NPs could be predicted on the basis of olefin strain
energies (OSEs).'""l Schleyer'”? had previously classified
bridgehead alkenes into three categories — ‘isolable”,
“observable”, and “unstable” — which have different characteristic
OSE ranges. OSEs are readily calculated with molecular
mechanics forcefields (the exact OSE “cutoff” values demarcating
“isolable”, “observable”, and “unstable” alkenes depends on the
forcefield used) and we previously established that all extant
bridgehead alkene NPs whose structures have been verified fall
into the “isolable” category.['¥ Furthermore, we proposed that
several putative NP structures [e.g., those for rosacedrenoic acid
(1) and piperkadsin C (2)] were likely misassigned, as those
alkenes fell into the “unstable” category (Figure 1).
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Figure 1. “Unstable” anti-Bredt natural products which are likely misassigned.

This classification scheme performed remarkably well for
NPs with all-carbon skeletons, but its transferability to
heteroatom-containing polycyclic frameworks was not tested.
Therefore, an OSE-based classification scheme for oxo-
substituted bridgehead alkenes has now been developed and, as
shown herein, it can be used in tandem with NMR calculations to
support or propose reassignments for a range of oxo-bridged NP
structures.

Our laboratory’s favored protocol for classifying a given
bridgehead alkene as “isolable”, “observable”, or “unstable” was
based on OSEs calculated with the OPLS_2005 forcefield.l'Y To
adapt this protocol to oxo-bridged bicyclic alkenes (i.e. structures
with an oxygen atom directly connected to the double bond within
the bicyclic framework), fifteen bicyclic oxo-bridged alkenes were
chosen as shown in Figure 2. Each example within this calibration
set is either a known isolable bridgehead olefin,!'%'% or the parent
structure of a known isolable bridgehead olefin. The molecules
span a broad range of OSEs (i.e. from —3.9 to 24.7 kcal mol™').
Five structures (5, 8, 10, 13, 17) are analogues of molecules
contained in the original hydrocarbon calibration set. For these
molecules, the oxo-bridged and all-carbon structures differ in their
OSEs by 1.2-4.5 kcal mol™', with no systematic variation evident.
The most strained isolable oxo-bridged alkene, 17, had an OSE
of 24.7 kcal mol™', about 3 kcal mol~' higher than its parent
hydrocarbon 18. Experimentally, Wiseman reported!'s! that the
C=C stretching frequency of 17 was 20 cm~" higher that of 18, and
17 underwent addition of acetic acid more slowly than 18, both
results suggesting that the C=C bond in 17 is less strained than
that in 18. In general, OSEs are not expected to capture all of the
fine details of relative stabilities, but they do appear to be useful



as a diagnostic of isolability. The OSEs correctly predict that both
17 and 18 are isolable.
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Figure 2. Calculated OSEs (OPLS_2005, kcal mol-') of parent oxo-bridged
alkenes corresponding to known isolable skeletons.!'5-181

While it was straightforward to determine the OSE range
typical of known isolable oxo-bridged alkenes, the task of
determining the OSE ranges corresponding to “observable” or
“unstable” was less clear. The difficultly arises in that efforts to
determine the experimental properties of the more reactive oxo-
bridged alkenes have received only little systematic attention in
the literature and the structural features associated with the
transition from “observable” to “unstable” are not well known. This
task was therefore approached indirectly by calculating the
oxygen-substituted analogues of the “observable” and “unstable”
hydrocarbons within the original hydrocarbon set, taking account
of the observation (above) that the presence of an oxygen atom
influences the OSE by a few kcal mol~'. OSE values ranging from
19 to 30 kcal mol~' (see the Supporting Information) were found
for these presumably less-stable alkenes, ' suggesting that the
transition from isolable to observable to unstable occurs between
20 and 30 kcal mol™, i.e. over a similar OSE range in both oxo-
bridged and all-carbon bicyclic alkenes. Therefore, an OSE value
greater than about 30 kcal mol~ (as calculated with OPLS_2005)
would be considered a predictor of instability.

Having explored the effect of oxygen substitution on OSEs,
twelve oxo-bridged natural products that have been proposed in
the literature were evaluated (i.e. 19-29, Figure 3).2%%0 The
calculated OSEs were observed to range from —13.9 to 32.1 kcal
mol~'. Only hugonianene A (29) had an OSE value greater than
30 kcal mol' i.e. diagnostic for “unstable”. For the remaining NPs,
the OSE analysis raised no red flags for suspect structural
assignments. This was not unexpected, given that the bridgehead
alkene NPs 19-28 have larger rings containing eight or more
atoms. In the case of briareolate ester B (20, OSE — 7.7 kcal mol~
") and asteriscunolide C (22, OSE -2.4 kcal mol™"), the
bridgehead alkene structures have been verified by X-ray
crystallography.[?'.23

Given the high OSE of hugonianene A (29, 32.1 kcal mol-")
suggested the structure may have been misassigned. To explore
this notion further a comparison of the theoretical and
experimental NMR chemical shifts and coupling constants were
undertaken using the DU8+ method. DU8+ combines
computations of structure and NMR properties of organic

molecules at a lighter level of DFT theory (i.e. to accelerate
computations on relatively large organic molecules including
triterpenes), and is implemented with the following components:
(a) structure optimizations carried out with B3LYP/6-31G(d); (b)
the isotropic magnetic shielding values computed with ©B97xD/6-
31G(d) and corrected;“d (c) Fermi contacts evaluated with
B3LYP/DU8 and scaled with the help of NBO-based
corrections,“e to obtain spin-spin coupling constants (SSCC).
The predicted spectra of 29 did not match the reported NMR data
(see the Supporting Information): calculated '*C chemical shift
values gave a very poor match, rmsd(c) > 11ppm.
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Figure 3. Calculated OS energies for reported NPs containing oxo-bridgehead
alkenes.

Embarking on the structural reassignment of 29 (Figure 4)
proved particularly challenging. An initial hypothesis was made
that 29 could be an oxidation product of oxidohimachalene (30).53"!
This idea would be in line with the reported structure for
hugonianene B (31)P*? (i.e. same skeleton), but compounds
matching the experimental SSCC of 29 proved difficult to identify.
Many variations on structure were explored, albeit with no
success. These included alternative ring systems, for example,
the oxidation product (33) of gurjunene (32),5%a well known ring
system that shares the gem-dimethyl group and seven-
membered ring in common with hugonianene A. Considering that
the original report for 29 only provided a nominal mass along with
inconclusive accurate mass data (i.e. 41 ppm mass difference) for
the related structure hugonianene B (31), the molecular formula
could perhaps be incorrect. Given that a number of carbon signals
reported for 29 did not support multiple oxygenation (i.e.
insufficient number of downfield resonances), the molecular



formula was revised to C4sH2O (a decrease from two oxygens to
one). Taking this aspect into account, along with leads provided
by gurjunene, DU8+ analysis suggested that the methyl ether (34)
of 4-patchoulene-6a-ol was a likely candidate (see the Supporting
Information) as the calculated SSCCs and '*C chemical shifts
matched well with the experimental values for hugonianene A:
rmsd(Jun) = 0.54 Hz, rmsd(dc) = 1.11 ppm. An additional search
of the literature revealed that this compound was known.?4 Thus,
on comparison with the reported NMR spectra, hugonianene A
(29) is revised to 34. However, on comparison of the optical
rotation data provided for 29 ([a]p?® -15°) with that of 34, isolated
from Croton muscicarpa ([c]p®® +24°)34 the absolute
stereochemistry of 34 is assigned as the opposite enantiomer (i.e.
as shown in figure 4). Furthermore, hugonianene B (31) is then
tentatively reassigned as 35 based on the comparison of
experimental and calculated NMR data (see the Supporting
Information) (Figure 4). The original structure gave a poor rmsd
rmsd(&c) > 6 ppm, while calculations for the revised structure were
in very good agreement with the experimental data, rmsd(Jun) =
0.22 Hz, rmsd(5¢c) = 1.41 ppm.
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Figure 4. Reassignment of hugonianenes A (29) and B (31).

Returning to the NPs that had been classified as isolable in
the OSE analysis (Figure 2), DU8+ was then deployed to check
the structural assignments (except for 20 and 22, which have
already been confirmed by X-ray crystallography). DU8+ analysis
revealed mismatches between the experimental and calculated
NMR data for both Kikuchi's compound 21 and the Cytisus
monoterpene 28 (see the Supporting Information). For 21, DU8+
predicted a "H-"H coupling for the 7a-hydroxy group that was not
present in the experimental spectrum. However, closer
agreement was observed if C7 was inverted to 7p (36). The
predicted '*C chemical shifts were also in much better agreement
with the experimental data, rmsd(&c) = 1.37 ppm. Thus 21 was
reassign as the epimer 36 (Figure 5), which is further supported
by biosynthetic considerations i.e. enol attack of an E-alkene
derived epoxide.
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Figure 5. Reassignment of Kikuchi's compound (21).

For the Cytisus monoterpene 28, a biosynthetic analysis®!
suggested a possible origin in chakyunglupulin A (37) or B (38),5
via a cyclodehydration step (Figure 6). Therefore oxetane 39 was
postulated as an alternative structure, however, the predicted
NMR did not match with experiment. A clue was gained from the
chemical shift (&. 183.5ppm™®) of the ketone seen in 28, which
had the hallmarks of an o,p-unsaturated lactone. This led to
common NP lactone ring systems being explored, which after
considerable trial and error (i.e. DU8+ calculations) arrived at the
known fused y-lactone of loliolide (40) (see the Supporting
Information). On this basis, the Cytisus monoterpene 28 should
be reassigned as loliolide (40)P"@ (Figure 6). Furthermore, on
comparison of the optical rotation data provided for 28 ([a]p®” -
88°)°7al with that of 40 ([o]p™® -97°),™™ the absolute
stereochemistry of 40 is assigned as the enantiomer shown in

figure 6.
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Figure 6. Reassignment of Cytisus monoterpene (28).

Having demonstrated the utility of the OSE/DU8+
approach, the study was extended to consider one further
example: folenolide® (41, Figure 7). Folenolide is not an oxo-
bridged alkene, but its [3.2.1]-bicyclic skeleton raised suspicion
as it appeared likely to be an anti-Bredt alkene. The OSE of 41
(39.6 kcal mol™) is well above the typical lower bound for an
“unstable” bridgehead alkene. Reassignment was therefore
pursued. It was noted that the plant species from which folenolide
was isolated had previously been reported® to contain shikimic
acid (42). The molecular formula of folenclide differs from that of
shikimic acid by the loss of H,O. In the mass spectrum of shikimic
acid, the molecular ion is reported to occur with very low intensity,
and the main fragment ion arises from loss of water, i.e. coincident
with the reported mass of the folenolide molecular ion.*™
Therefore it was hypothesized that folenolide in fact represented
a misassignment of shikimic acid. Comparison of the NMR data
of folenolide and shikimic acid®"! provided a good match and thus
supported reassignment of folenolide to shikimic acid (Figure 7).
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Figure 7. Reassignment of folenolide (41).

In conclusion, reported herein is the application of olefin
strain energy (OSE) calculations in conjunction with DU8+ NMR
calculations to natural product structure elucidation. These
techniques have been used to reassign the structures of several
oxo-bridged NPs. This combination represents a valuable
approach to interrogate the ever increasing number of natural
products being reported by chemists and those working in aligned
areas. It is also a timely reminder that having access to raw NMR
spectroscopic data,*?4% potentially in the form of an open access
database, is paramount for accurate structure elucidation lest
phantom targets be adopted by chemists, and biologists alike, for
further study.

Acknowledgements

We thank the Universities of Denver and Queensland for financial
support. Computational resources at NCI NF and UQ RCC are
gratefully acknowledged in addition to the Australian Research
Council for funding to E.H.K. (FT120100632, DP180103047) and
C.M.W. (FT110100851). A.G.K. thanks the US National Science
Foundation (CHE 1665342) for support. Lastly, we greatly thank
Prof. Ludger Wessjohann and Ms. Andrea Porzel (Leibniz
Institute of Plant Biochemistry, Halle, Germany), and Dr. Lilechi
Danstone Baraza (Masinde Muliro University of Science and
Technology, Kakamega, Kenya) for assistance with supplying
spectroscopic data in relation to hugonianene A and B.

Conflict of interest
The authors declare no conflict of interest.

Keywords: anti-Bredt « bridgehead double bond « natural
producte reassignment « Bredt

[1] W. P. Jensen, G. J. Palenik, I.-H. Suh, J. Chem. Educ. 2003, 80, 753-
761.

[2] a) K. C. Nicolaou, S. A. Snyder, Angew. Chem. 2005, 117, 1036 — 1069;
Angew. Chem. Int. Ed. 2005, 44, 1012 — 1044; b) M. E. Maier, Nat. Prod.
Rep. 2009, 26, 1105 —1124; c) L. Takashi, T. L. Suyama, W. H. Gerwick,
K. L. McPhail, Bioorg. Med. Chem. 2011, 19, 6675 — 6701; d) E. E.
Podlesny, M. C. Kozlowski, J. Nat. Prod. 2012, 75, 1125-1129; e) V. M.
Schmiedel, Y. J. Hong, D. Lentz, D. J. Tantillo, M. Christmann, Angew.
Chem. Int. Ed. 2018, 57, 2419 —2422.

[3] B. K. Chhetri, S. Lavoie, A. M. Sweeney-Jones, J. Kubanek, Nat. Prod.
Rep. 2018, 35, 514-531.

[4] a) M. W. Lodewyk, M. R. Siebert, D. J. Tantillo, Chem. Rev. 2012, 112,
1839-1862; b) A. G. Kutateladze, O. A. Mukhina J. Org. Chem. 2014,
79, 8397-8406; c) A. G. Kutateladze, O. A. Mukhina, J. Org. Chem. 2015,
80, 5218-5225; d) A. G. Kutateladze, O. A. Mukhina J. Org. Chem. 2015,
80, 10838-10848; e) A. G. Kutateladze, D. S. Reddy J. Org. Chem.,
2017, 82, 3368-3381; f) A. G. Kutateladze, D. M. Kuznetsov J. Org.
Chem., 2017, 82, 10795-10802; g) A. G. Kutateladze, D. M. Kuznetsov,
A. A. Beloglazkina, T. Holt J. Org. Chem., 2018, 83, 8341-8352; h) N.

[8]

[6]

[71

(8l

[0

[10]

11

M2

(3]

[14]

[13]

[16]

[17]

[18]

[19]

[20]

Grimblat, A. M. Sarotti, Chem. Eur. J. 2016, 22, 12246-12261; i) K.
Ermanis, K. E. B. Parkes, T. Agback, J. M. Goodman, Org. Biomol.
Chem. 2017, 15, 8998-9007; j) A. Navarro-V[ zquez, R. R. Gil, K. Blinov,
J. Nat. Prod. 2018, 81, 203-210; (k) L.B. Krivdin, Prog. Nuc. Magn. Res.
2018, 108, 17-73; (1) I. L. Rusakova, Y.Y. Rusakov, J. Phys. Chem. A.
2017, 121, 4793—-4803; m) P. H. Willoughby, M. J. Jansma, T. R. Hoye,
Nat. Protoc. 2014, 9, 643-660.

For recent reviews, see: a) S. Superchi, P. Scafato, M. Gorecki, G.
Pescitelli, Curr. Med. Chem. 2018, 25, 287-320; b) G. Pescitelli, T. Bruhn,
Chirality 2016, 28, 466-474.

Moser, A.; Elyashberg, M. E.; Williams, A. J.; Blinov, K. A.; DiMartino, J.
C. J. Cheminformatics 2012, 4:5.

C. G. Jones, M. W. Martynowycz, J. Hattne, T. J. Fulton, B. M. Stoltz, J.
A. Rodriguez, H. M. Nelson, T. Gonen, ACS Cent. Sci. 2018, 4,
1587-1592.

a) Savchenko, A. I.; Williams, C. M. Eur. J. Org. Chem. 2013, 7263—
7265; b) Tatsis, E. C.; Schaumloffel, A.; Warskulat, A. C.; Massiot, G.;
Schneider, B.; Bringmann, G. Org. Lett. 2013, 15, 156—159; c) H. Sorek,
A. Rudi, M. Aknin, E. M. Gaydou, Y. Kashman, J. Nat. Prod. 2010, 73,
456-458; d) M.W. Lodewyk; C. Soldi, P. B. Jones, M. M. Olmstead, J.
Rita, J. T. Shaw, D. J. Tantillo, J. Am. Chem. Soc. 2012, 134, 18550-
18553.

a) First report: Bredt, J.; Houben, J.; Levy, P. Chem. Ber. 1902, 35, 1286—
1292; b) See also: Bredt, J. Justus Liebigs Ann. Chem. 1913, 395, 26—
63; c) First auto-review : Bredt, J. Justus Liebigs Ann. Chem. 1924, 437,
1-13; d) Second auto-review: J. Bredt, Ann. Acad. Sci. Fenn. Ser. A
1927, 29, 3-20.

a) Fawcett, F. S.; Chem. Rev. 1950, 47, 219-274; b) Kobrich, G. Angew.
Chem. Int. Ed. Engl. 1973, 12, 464—473; Angew. Chem. 1973, 85, 494—
503; c) Buchanan, G. L. Chem. Soc. Rev. 1974, 3, 41-63; d) Keese, R.
Angew. Chem. Int. Ed. Engl. 1975, 14, 528 — 538; Angew. Chem. 1975,
87, 568-578; e) Warner, P. M. Chem. Rev. 1989, 89, 1067-1093; f) G.
Szeimies in Reactive Intermediates, Vol. 3 (Ed.: R. A. Abramovitch),
Plenum Press, New York, 1983, p. 299; g) Mak, J. Y. W.; Pouwer, R. H.;
Williams, C. M. Angew. Chem. Int. Ed. 2014, 53, 13664—13688; Angew.
Chem. 2014, 126, 13882—13906.

Note: Olefin strain energy (OSE) is defined as the difference between the
total strain energy of the alkene and that of the corresponding alkane.
a) D. J. Martella, M. Jones, Jr., P. v. R. Schleyer, W. F. Maier, J. Am.
Chem. Soc. 1979, 101, 7634-7637; b) W. F. Maier, P. v. R. Schleyer, J.
Am. Chem. Soc. 1981, 103, 1891-1900; c) P. M. Lesko, R. B. Turner, J.
Am. Chem. Soc. 1968, 90, 6888-6889.

a) E. H. Krenske, C. M. Williams, Angew. Chem. Int. Ed. 2015, 54, 10608
—10612; b) For application of our method by others, see for example Y.
Tang, Y. Xue, G. Du, J. Wang, J. Liu, B. Sun, X.-N. Li, G. Yao, Z. Luo, Y.
Zhang, Angew. Chem. Int. Ed. 2016, 55, 4069 —4073; c) Piperkadsin C
(2) has been revised, see K. H. Kim, J. W. Choi, S. K. Ha, S. Y. Kim, K.
R. Lee, Bioorg. Med. Chem. Lett. 2010, 20, 3186-3187.

a) Kaminski, G. A.; Friesner, R. A.; Tirado-Rives, J.; Jorgensen, W. L. J.
Phys. Chem. B 2001, 105, 6474-6487; b) Hornak, V.; Abel, R.; Okur, A_;
Strockbine, B.; Roitberg, A.; Simmerling, C. Proteins: Struct., Funct.,
Bioinf. 2006, 65, 712—715.

B. R. Bear, S. M. Sparks, K. J. Shea, Angew. Chem. Int. Ed. 2001, 40,
820-849; Angew. Chem. 2001, 113, 864—-894.

a) C. B. Quinn, J. R. Wiseman, J. Am. Chem. Soc. 1973, 95, 1342-1343;
b) C. B. Quinn, J. R. Wiseman, J. Am. Chem. Soc. 1973, 95, 6120-6121;
c) C. B. Quinn, J. R. Wiseman, J. C. Calabrese J. Am. Chem. Soc. 1973,
95, 6121-6124; d) H. O. Krabbenhoft, J. R. Wiseman, C. B. Quinn, J. Am.
Chem. Soc. 1974, 96, 258-259; e) see also Y. Kitabayashi, S.
Yokoshima, T. Fukuyama, Org. Lett. 2014, 16, 2862-2864.

a) H. Detert, C. Anthony-Mayer, H. Meier, Angew. Chem. Int. Ed. Engl.
1992, 31, 791-792; b) G. Kramer, H. Detert, H. Meier, Heterocycles
2009, 78, 2201-2208.

P. von Zezschwitz, K. Voigt, A. Lansky, M. Noltemeyer, A. de Meijere, J.
Org. Chem. 1999, 64, 3806-3812.

Note: This assumption was supported by the fact that the literature
contains very few examples of oxo-bridged alkenes except where
stabilized by conjugation or a rigidifying polycyclic system.

C.T.Ma, T. Eom, E. Cho, B. Wu, T. R. Kim, K. B. Oh, S. B. Han, S. W.
Kwon, J. H. Park, J. Nat. Prod. 2017, 80, 3043-3048.



[21]
[22]
[23]

[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[38]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

A.J. Hall, S. P. Roche, L. M. West, Org. Lett. 2017, 19, 576-579.

H. Kikuchi, K. Sakurai, Y. Oshima, Org. Lett. 2014, 16, 1916-1919.

M. Boumaraf, M. Carbone, M. L. Ciavatta, S. Benyahia, S. Ameddah, A.
Menad, S. Benayache, F. Benayache, M. Gavagnin, J. Nat. Prod. 2017,
80, 82-89.

J.-Z. Deng, S.-X. Zhao, Z.-C. Miao, Nat. Prod. Lett. 1993, 2, 283-286.
J.-Z. Deng, S.-X. Zhao, J. Nat. Prod. 1997, 60, 294-295.

a) E. V. L. da-Cunha, M. L. Cornélio, J. M. Barbosa-Filho, R. Braz-Filho,
A. |. Gray, J. Nat. Prod. 1998, 61, 1140-1142; For a closely related
structures see, b) N. Kashiwaba, S. Morooka, M. Kimura, M. Ono, J.
Toda, H. Suzuki, T. Sano, J. Nat. Prod. 1996, 59, 803-805; and c) H.
Zhang, J.-M. Yue, Helv. Chim. Acta 2006, 89, 1105-1109; d) For
chemical synthesis efforts see, J. A. Cody, |. Ahmed, D. J. Tusch,
Tetrahedron Let. 2010, 51, 5585-5587.

a) F. M. S. Junior, C. L. Covington, A. C. F. de Albuquerque, J. F. R.
Lobo, R. M. Borges, M. B. de Amorim, P. L. Polavarapu, J. Nat. Prod.
2015, 78, 2617-2623; b) Centratherin (29) is the same as
lychnophorolide A, for which an x-ray crystal structure has been reported,
see P. W. Le Quesne, M. D. Menachery, M. P. Pastore, C. J. Kelley, T.
F.Brennan, K. D. Onan, R. F. Raffauf, C. M. Weeks, J. Org. Chem. 1982,
47,1519-1521.

A. R. De Vivar, C. Guerrero, E. Diaz, E. A. Bratoeff, L. Jiménez,
Phytochem. 1976, 15, 525-527.

F. Larit, M. A. Nael, S. Benyahia, M. M. Radwan, F. Leona, I. Jasicka-
Misiak, A. Poliwoda, D. Wieczorek, F. Benayache, S. Benayache, P. P
Wieczorek, S. J. Cutler, Phytochem. Lett. 2018, 24, 1-5.

L. D. Baraza, C. C. Joseph, M. H. H. Nkunya, Nat. Prod. Res. 2007, 21,
1027-1031.

R. Shankaranarayan. S. C. Bisarya, S. Dev, Tetrahedron 1977, 33, 1207-
1210.

L. D. Baraza, C. C. Joseph, J. J. E. Munissi, M. H. H. Nkunya, N. Arnold,
A. Porzel, L. Wessjohann, Phytochemistry 2008, 69, 200-205.

S. lto, H. Takeshita, M. Hirama, Y. Fukazawa, Tetrahedron Lett. 1972, 9-
12.

M. B. Barreto, C. L. Gomes, J. V. B. de Freitas, F. C. L. Pinto, E. R. S.
N. V. Gramosa, D. S. C. Torres, Quim. Nova 2013, 36, 675-679.

P. D. Brown, A. L. Lawrence, Nat. Prod. Rep. 2017, 34, 1193-1202.

K. H. Kim, J. Clardy, D. Senger, S. Cao, Tetrahedron Lett. 2015, 56,
2732-2734.

a) L. J. Valdes, lll, J. Nat. Prod. 1986, 49, 171; b) S. Isoe, S. B. Hyeon,
S. Katsumura, T. Sakan, Tetrahedron Lett. 1972, 2517-2520.

N. Raziq, M. Saeed, M. S. Ali, S. Zafar, M. I. Ali, Nat. Prod. Res. 2015,
29, 2265-2270.

M. Ali, M, Arfan, K. Zaman, H. Ahmad, N. Akbar, |. Anis, M. R. Shah, J.
Chem. Soc. Pak. 2011, 33, 772-777.

National Institute of Standards and Technology,
https://webbook.nist.gov/cgi/cbook.cgi?ID=C138590&Mask=200

S. Berger, D. Sicker, Classics in Spectroscopy: Isolation and Structure
Elucidation of Natural Products, 1st ed., WILEY-VCH Verlag & Co.
KGaA, Weinheim, 2009, 503-512.

J. B. McAlpine, S.-N. Chen, A. Kutateladze, J. B. MacMillan, G.
Appendino, A. Barison, M. A. Beniddir, M. W. Biavatti, S. Bluml, A.
Boufridi, M. S. Butler, R. J. Capon, Y. H. Choi, D. Coppage, P. Crews,
M. T. Crimmins, M. Csete, P. Dewapriya, J. M. Egan, M. J. Garson, G.
Genta-Jouve, W. H. Gerwick, H. Gross, M. K. Harper, P. Hermanto, J.
M. Hook, L. Hunter, D. Jeannerat, N.-Y. Ji, T. A. Johnson, D. G. |
Kingston, H. Koshino, H.-W. Lee, G. Lewin, J. Li, R. G. Linington, M. Liu,
K. L. McPhail, T. F. Molinski, B. S. Moore, J.-W. Nam, R. P. Neupane,
M. Niemitz, J.-M. Nuzillard, N. H. Oberlies, F. M. M. Ocampos, G. Pan,
R. J. Quinn, D. S. Reddy, J.-H. Renault, J. Rivera-Chavez, W. Robien,
C. M. Saunders, T. J. Schmidt, C. Seger, B. Shen, C. Steinbeck, H.
Stuppner, S. Sturm, O. Taglialatela-Scafati, D. J. Tantillo, R. Verpoorte,
B.-G. Wang, C. M. Williams, P. G. Williams, J. Wist, J.-M. Yue, C. Zhang,
Z. Xu, C. Simmler, D. C. Lankin, J. Bisson, G. F. Pauli, Nat. Prod. Rep.
2018, DOI: 10.1039/c7np00064b.

Access to raw data would have been especially useful in the case of a
compound labeled 5 in X.-L. Xin, J.-H. Sun, X.-B. Wang, R.-G. Xi, G.
Wang, R. Lan, D.-H. Su, H. Li, X.-K. Huo, C. Wang, J. Asian Nat. Prod.
Res. 2014, 16, 290-295.



COMMUNICATION



