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For over a century, chemical synthesis has played an
essential role in the structural assignment of natural
products. With the development of characterization
instrumentation and methods [1], such as nuclear magnetic
resonance (NMR), high-resolution mass spectrometry,
X-ray crystallography etc., natural product chemists view
synthetic chemistry more as an assistive technology and
less as a core competence. Contrary to this opinion, the
development of synthetic chemistry will continue to be
critical in the structural evaluation of natural products. Two
comprehensive reviews on natural products with revised
structures have already been published [2,3]. Many natural
products had their structures reassigned, in particular their
stereochemical configurations, by total synthesis in 2019
[4-13]. This paper covers some selected examples.

Monocillin VII. Monocillin VII was isolated in 2017
from the rice-grown cultures of a Paecilomyces sp.
SC0924 [14]. Key structural elements include a
Fresorcylate and a 12-membered macrolactone. The first
total synthesis of the monocillin VII was completed by the
Mohapatra’s group [15] in which the proposed structure of
the natural product was synthesized (Scheme 1). The
approach included Sonogashira coupling between 1 and 2,
dicobaltization, which change geometry of alkyne and
improve the macrolactonisation, and Au-catalyzed hydra-
tion, to form the proposed Monocillin VII (4b). Unexpect-
edly, the synthetic compound showed deviations from the
product in the 'H NMR and "*C NMR spectra and optical
rotation. They suggested a new revised structure and
synthesized the 10'S-isomer by a similar route. Compar-
ison of their '"H and '*C NMR data with the published data
for the natural product allowed correction of the originally
assigned structure.

Biemamides B and D. Biemamides B and D were
isolated in 2018 from Streptomyces sp. [16]. These natural
products contain a pyrimidine core. The structure was
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originally assigned at C5 to the R absolute configuration.
The first synthesis was published by the Ha group [17] and
the synthetic compounds were found to be enantiomeric to
the natural products (Scheme 2). The route began with a
regio- and stereo-selective ring opening of the azididine 5
followed by amidation, cyclization to give the pyrimidi-
nedione 8, which was reduced to free amide and converted
to final product ent-8a and ent-8b. The specific rotation
and the electronic circular dichroism spectrum of the
synthetic compounds where opposite in sign to the natural
products. This resulted in the revision of the absolute
configuration to (—)-5S for both compounds.

Citrafungin A. The alkyl citrate natural product
citrafungin A was first isolated in 2004 from the fungal
sterile mycelium (MF6339) [18]. The absolute configura-
tion of the core of the originally proposed structure was
assigned as 3R, 4R, 6R and this was synthesized by several
different groups [19-21]. However, the specific rotation
[2]p = +3.2, (c=0.25, MeOH) [20] did not match well to
that reported and the configuration was then reassigned as
3S, 4S8, 6S in line with all the other alkyl citrates [22].
Recently, Rizzacasa and co-workers reported the synthesis
of the revised structure of citrafungin A (35S, 4S, 65) and its
degradation product 12 (Scheme 3) [23]. The synthesis
involved a formal [2+ 2] cycloaddition and cascade
rearrangement to rapidly access the citrate moiety. The
spectral and chiroptical data of the diacid degradation
product 12 matched that reported for the natural product
and this proved those the absolute configuration of the core
was opposite to that originally assigned. The intermediate
11 was then converted into the natural product 13a.

Harziane diterpenoid. The unnamed harziane diterpe-
noid 19a was isolated in 2014 from a Trichoderma
symbiont of Taxus baccata [24]. The structural elements
included the unique and caged 6-5-7-4 carbon skeleton.
The first racemic total synthesis was completed by the
Carreira group (Scheme 4) [25]. They also suggested that
the original assignment at C9 of the natural product was
incorrect and then completed an synthesis of the original
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Scheme 1 Onogashira coupling and revised structure of monocillin VII (4a) [15].
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Scheme 2 Synthesis of pyrimidinedione 2d and revised structure of biemamides B (9a) and B (9b) [17].

19b and revised structure 19a to support this reassignment.
The carbon skeleton was formed by a sequential
Au-catalyzed cycloisomerization to give the cyclobutane
15, intramolecular imine aldol condensation of 16 and
ketoaldehyde ring expansion. The late-stage addition or
Mukaiyama hydration at C9 led to the two different
epimers at C9. The comparison of the spectral data proved
that the epi-C9 alcohol 19a is the correct structure.
(+)-Marineosin A. Marineosin A was isolated from a

marine-derived Streptomyces sp. CNQ-617 in 2008 [26].
Due to its novel structure and biological activity, several
groups published synthetic studies [27-32] and Shi with
co-workers completed the synthesis of the proposed
structure [32]. The structure of the synthetic material was
confirmed by X-ray crystallography; however, the spectro-
scopic data differed to that reported for the natural product.
Recently, Harran and co-workers reported an eight-step
synthesis and stereochemical reassignment of (4-)-mar-
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Scheme 5 Redox reaction and revised structure of (+)-marineosin A (23a) [33].

ineosin A (Scheme 5) [33]. Their route started with the
synthesis of ketopyrrolophane 20 in three steps including a
flow photochemical step. After conversion to compound
21, oxidation using special “acidic” MnO, gave only a low
yield of 22 (6%), which was unstable. Fortunately, the
reduction gave a stable final product marineosin A (23),
which matched the reported data. This allowed for the
revision of the stereochemistry as 7.

Streptide. Streptide was first isolated in 2015 from
Streptococcus thermophilus [34]. The compound was
identified as a 20-membered macrocyclic peptide with a
novel lysine-tryptophan crosslink. The first total synthesis
was competed by Boger and co-workers (Scheme 6) [35].
The key steps in the synthesis were a Pd-catalyzed indole
macrocyclization to form indole 25 and diastereoselective
C—H activation/f-arylation of a lysine derivative. Notably,
both C3 diastereomers were carried through the similar
route and afforded the same yield (60%) in the macro-
cyclization reaction. The '"H NMR spectrum of the o/f3
proton in the crosslinked lysine shown a distinguishable
difference between two diastereomers, only 3R matched
the natural product. The isolated compound co-eluted on
high performance liquid chromatography with streptide-3R

diastereomer 26a and so the stereochemistry of streptide
was reassigned to 3R.

Mytilipin B. Mytilipin B is one of the most complex
chlorosulfolipids. It was isolated in 2002 from a culinary
mussel Mytilus galloprovinvialis [36]. This family of
natural products contains a complex array of secondary
chlorides and alcohols. The proposed structure was
synthesised by Carreira’s group in 2011 [37]. However,
the spectral data of the synthetic compound showed
deviations from those reported for the natural product.
Recently, the same group published a paper that combined
NMR analysis and chemical synthesis to revise the
configuration (Scheme 7) [38]. The key C13-C14 bond
was formed via a Julia olefination. Another highlight in
this synthesis was the choice of different reagents
(Et4NCl3, NCS, TMSCI/HCI, SiCly, MgCl,) to achieve
the required selective chlorinations. Eventually, four
diasterecomers were synthesized and compared with the
natural product. The final structure resulted in revision of
configuration at eight stereocenters.

Even with modern spectroscopic and computational
techniques, the structures of many natural products are
often incorrectly assigned. However, one can still turn to
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synthetic chemistry to reveal the true structure of many
natural products, especially those containing complex
stereochemistry.

Acknowledgements We thank the Australian Research Council Discovery
Grants Scheme and the University of Melbourne Research Grants Support
Scheme for funding.

References

. Seger C, Sturm S, Stuppner H. Mass spectrometry and NMR

spectroscopy: modern high-end detectors for high resolution
separation techniques—state of the art in natural product HPLC-
MS, HPLC-NMR, and CE-MS hyphenations. Natural Product

Reports, 2013, 30(7): 970-987

. Nicolaou K C, Snyder S A. Chasing molecules that were never

there: misassigned natural products and the role of chemical
synthesis in modern structure elucidation. Angewandte Chemie
International Edition, 2005, 44(7): 1012-1044

. Yoo H D, Nam S J, Chin Y W, Kim M S. Misassigned natural

products and their revised structures. Archives of Pharmacal
Research, 2016, 39(2): 143-153

. Burns A S, Rychnovsky S D. Total synthesis and structure revision

of (—)-illisimonin A, a neuroprotective sesquiterpenoid from the
fruits of Illicium simonsii. Journal of the American Chemical
Society, 2019, 141(34): 13295-13300

. Carroll A W, Willis A C, Hoshino M, Kato A, Pyne S G. Corrected

structure of natural hyacinthacine C1 via total synthesis. Journal of



10.

1.

13.

14.

15.

16.

18.

19.

20.

21.

22.

Zongjia Chen et al. 2019 highlights of the structural revision of natural product via total synthesis

Natural Products, 2019, 82(2): 358-367

. ChenD,Chow HY,PoKHL,MaW, Leung ELY, Sun Z, Liu M,

Chen S, Li X. Total synthesis and structural establishment/revision
of antibiotics A54145. Organic Letters, 2019, 21(14): 5639-5644

. Cheng X, Quintanilla C D, Zhang L. Total synthesis and structure

revision of diplobifuranylone B. Journal of Organic Chemistry,
2019, 84(17): 1105411060

. Coleman M A, Burchill L, Sumby C J, George J H. Biomimetic

synthesis enables the structure revision of furoerioaustralasine.
Organic Letters, 2019, 21(21): 87768778

. Dethe D H, Nirpal A K. Bio-inspired enantio-selective total

syntheses of (—)-viminalins A, B, H, I, and N and structural
reassignment of (—)-viminalin M. Organic & Biomolecular
Chemistry, 2019, 17(32): 7507-7516

Reber K P, Gilbert I W, Strassfeld D A, Sorensen E J. Synthesis of
(+)-lineariifolianone and related cyclopropenone-containing ses-
quiterpenoids. Journal of Organic Chemistry, 2019, 84(9): 5524—
5534

Sakamoto K, Hakamata A, Iwasaki A, Suenaga K, Tsuda M, Fuwa
H. Total synthesis, stereochemical revision, and biological assess-
ment of iriomoteolide-2a. Chemistry (Weinheim an der Bergstrasse,
Germany), 2019, 25(36): 8528-8542

. Wang S, Zhang Q, Zhao Y, Sun J, Kang W, Wang F, Pan H, Tang G,

Yu B. The miharamycins and amipurimycin: their structural revision
and the total synthesis of the latter. Angewandte Chemie Interna-
tional Edition, 2019, 58(31): 10558-10562

Hattori H, Hoff L V, Gademann K. Total synthesis and structural
revision of mangrolide D. Organic Letters, 2019, 21(9): 3456—
3459

Xu L, Wu P, Xue J, Molnar I Wei X. Antifungal and cytotoxic -
resorcylic acid lactones from a paecilomyces species Journal of
Natural Products, 2017, 80(8): 2215-2223

Mallampudi N A, Srinivas B, Reddy J G, Mohapatra D K. Total
synthesis and structural revision of monocillin VII. Organic Letters,
2019, 21(15): 5952-5956

Zhang F, Braun D R, Ananiev G E, Hoffmann F M, Tsai I W, Rajski
S R, Bugni T S. Biemamides A—E, inhibitors of the TGF-f pathway
that block the epithelial to mesenchymal transition. Organic Letters,
2018, 20(18): 55295532

. Srivastava N, Macha L, Ha H J. Total Synthesis and stereochemical

revision of biemamides B and D. Organic Letters, 2019, 21(22):
8992-8996

Singh S B, Zink D L, Doss G A, Polishook J D, Ruby C, Register E,
Kelly T M, Bonfiglio C, Williamson J M, Kelly R. Citrafungins A
and B, two new fungal metabolite inhibitors of GGTase 1 with
antifungal activity. Organic Letters, 2004, 6(3): 337-340

Amer M F A, Takahashi K, Ishihara J, Hatakeyama S. Total
synthesis of citrafungin A. Heterocycles, 2007, 72(1): 181-185
Calo F, Richardson J, Barrett A G M. Total synthesis of citrafungin
A. Journal of Organic Chemistry, 2008, 73(24): 96929697
Tsegay S, Hiigel H, Rizzacasa M A. Formal total synthesis of (+)-
citrafungin A. Australian Journal of Chemistry, 2009, 62(7): 676—
682

Rizzacasa M A, Sturgess D. Total synthesis of alkyl citrate natural
products. Organic & Biomolecular Chemistry, 2014, 12(9): 1367—
1382

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

601

Chen Z, Robertson A, White ] M, Rizzacasa M A. Total synthesis
and stereochemical reassignment of citrafungin A. Organic Letters,
2019, 21(23): 9663-9666

Adelin E, Servy C, Martin M T, Arcile G, lorga B 1, Retailleau P,
Bonfill M, Ouazzani J. Bicyclic and tetracyclic diterpenes from a
trichoderma symbiont of Taxus baccata. Phytochemistry, 2014, 97:
55-61

Honig M, Carreira E M. Total synthesis and structural revision of a
harziane diterpenoid. Angewandte Chemie International Edition,
2020, 59(3): 1192-1196

Boonlarppradab C, Kauffman C A, Jensen P R, Fenical W.
Marineosins A and B, cytotoxic spiroaminals from a marine-derived
actinomycete. Organic Letters, 2008, 10(24): 5505-5508

Aldrich L N, Berry C B, Bates B S, Konkol L C, So M, Lindsley C
W. Towards the total synthesis of marineosin A: construction of the
macrocyclic pyrrole and an advanced, functionalized spiroaminal
model. European Journal of Organic Chemistry, 2013, 2013(20):
42154218

Aldrich L N, Dawson E S, Lindsley C W. Evaluation of the
biosynthetic proposal for the synthesis of marineosins A and B.
Organic Letters, 2010, 12(5): 1048-1051

Cai X C, Snider B B. Synthesis of the spiroiminal moiety and
approaches to the synthesis of marineosins A and B. Journal of
Organic Chemistry, 2013, 78(23): 12161-12175

Cai X C, Wu X, Snider B B. Synthesis of the spiroiminal moiety of
marineosins A and B. Organic Letters, 2010, 12(7): 1600-1603

Li G, Zhang X, Li Q, Feng P, Shi Y. A concise approach to the
spiroiminal fragment of marineosins. Organic & Biomolecular
Chemistry, 2013, 11(18): 29362938

Xu B, Li G, Li J, Shi Y. Total synthesis of the proposed structure of
marineosin A. Organic Letters, 2016, 18(9): 2028-2031

Feng Z, Allred T K, Hurlow E E, Harran P G. Anomalous
chromophore disruption enables an eight-step synthesis and
stereochemical reassignment of (+)-marineosin A. Journal of the
American Chemical Society, 2019, 141(6): 2274-2278

Schramma K R, Bushin L B, Seyedsayamdost M R. Structure and
biosynthesis of a macrocyclic peptide containing an unprecedented
lysine-to-tryptophan crosslink. Nature Chemistry, 2015, 7(5): 431-
437

Isley N A, Endo Y, Wu Z C, Covington B C, Bushin L B,
Seyedsayamdost M R, Boger D L. Total synthesis and stereo-
chemical assignment of streptide. Journal of the American Chemical
Society, 2019, 141(43): 1736117369

Ciminiello P, Dell’ Aversano C, Fattorusso E, Forino M, Magno S,
Di Rosa M, lanaro A, Poletti R. Structure and stereochemistry of a
new cytotoxic polychlorinated sulfolipid from adriatic shellfish.
Journal of the American Chemical Society, 2002, 124(44): 13114—
13120

Nilewski C, Deprez N R, Fessard T C, Li D B, Geisser R W, Carreira
E M. Synthesis of undecachlorosulfolipid A: re-evaluation of the
nominal structure. Angewandte Chemie International Edition, 2011,
50(34): 7940-7943

Sondermann P, Carreira E M. Stereochemical revision, total
synthesis, and solution state conformation of the complex
chlorosulfolipid mytilipin B. Journal of the American Chemical
Society, 2019, 141(26): 10510-10519



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit38
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24
	bmkcit25
	bmkcit26
	bmkcit27
	bmkcit28
	bmkcit29
	bmkcit30
	bmkcit31
	bmkcit32
	bmkcit33
	bmkcit34
	bmkcit35
	bmkcit36
	bmkcit37


