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Abstract

Tetralone and its derivatives are unique structural motifs found in a wide range of natural products and serve
as key scaffolds for the development of new drugs that target various biological end points. The tetralones
have received a lot of interest because of their chemical features and their potential as lead molecules in the
pharmaceutical sector. The goal of this review is to present the total synthesis of natural products bearing the
1-tetralone subunit, as well as to highlight key transformations for the synthesis of 1-tetralone. It summarizes
the total syntheses of several natural products containing the tetralone subunit, such as 10-norparvulenone,
catalponol, aristelegone-A, perenniporide A, and actinoranone.
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1. Introduction

(0]
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a-Tetralone B-Tetralone

Figure 1. Structures of a-tetralone and B-tetralone.

Tetralones are a class of aromatic bicyclic compounds that include a 3,4-dihydro-1H-naphthalen-1-one (a-
tetralone) or 3,4-dihydro-1H-naphthalen-2-one (B-tetralone) unit (Figure 1). These compounds have received a
lot of interest because of their distinctive chemical features and potential as lead molecules in the
pharmaceutical sector. Chemists around the world have been interested in isolating, synthesizing, and
modifying tetralones and their derivatives since the early twentieth century, recognizing their importance in
the synthesis of bioactive compounds such as steroids, prostaglandin analogs, dyes, heterocycles, and
pharmaceuticals, including novel drug candidates.!®
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1-Tetralone (a—tetralone) features a characteristic bicyclic ring system, which consists of a cyclohexanone
ring fused with a benzene ring. The tetralone structure is encountered in diverse bioactive natural products
and represents a valuable target in synthetic organic and medicinal chemistry (for instance, 10-
norparvulenone (antiviral), O-methylasparvenone (nitrogen-free serotonin receptor antagonists),
aristelegone-A and B (natural metabolites), catalponol, isocatalponol (antitermitic), perenniporide A (inhibits
the larva of the phytophagous weevil), actinoranone (cytotoxic against HCT-116 human colon cancer cells,
LD50 = 2.0 pg/mL), hamigeran A and B (cytotoxic antiviral), celahypodiol (anti-tumor), nimbiol (antiseptic
agent), octahydroeuclein (gram-positive bacterial inhibitors), isosclerone, shinanolone, isoshinanolone,
prealnumycin B, phaeochromycin B, rubiginone B», cladosporone A and many others (Figure 2)).

Some creative methods and more conventional approaches for the preparation of this valuable bicyclic
nucleus have been developed. However, although few excellent reviews devoted to the related tetralones
have been published’!! the chemistry of natural products containing a-tetralones has not been reviewed to
date.

This review article focuses on the total synthesis of several natural products, namely 10-norparvulenone,
O-methylasparvenone, aristelegone-A, aristelegone-B, catalponol, perenniporide A, and actinoranone. We
have excluded discussing the remaining molecules in Figure 2 due to either the absence of any synthesis
reports or previous reviews in the literature.’> The content of this review is intended to be informative for
organic chemists as well as a contribution to the current body of literature in this field.

1-tetralone containing Natural poducts
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Figure 2. Natural products containing a—tetralone scaffold.
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2. O-Methylasparvenone and 10-Norparvulenone

The natural products O-methylasparvenone and 10-norparvulenone both possess an a-tetralone subunit. O-
Methylasparvenone is a rare type of serotonin receptor antagonist that lacks nitrogen and was discovered as a
5-HT2c antagonist!3 during a microbial screening for 5-HT2c ligands from the endophytic fungus Aspergillus
parvulus Smith broth. On the other hand, 10-norparvulenone was first isolated in 2000 by Fukami et al. in the
laboratory from Microsphaeropsis sp.'* There is promising preliminary data from in vitro assays that suggest
10-norparvulenone may become a significant antiviral drug in the future. Both natural products contain a
bicyclic carbon framework with a carbonyl function (1-tetralone), one methoxy group, and 2 or 3 hydroxyl
groups as part of their structures.

OH O OH O
Me HO
MeO MeO
OH OH
L O-Methylasparvenone (1) - L-10-Norparvulenone (2)—

To date, four total syntheses of O-methylasparvenone have been reported, while only one total synthesis
of 10-norparvulenone has been documented.

2.1. Brassard’s total synthesis of (+)-O-methylasparvenone (1991)

Brassard's first total synthesis of O-methylasparvenone in 1991 utilized the Diels-Alder cycloaddition process
and began with the preparation of diene 5 (Scheme 1). Methyl 3-substituted crotonate (3) underwent LDA-
mediated alkylation to form ester 4, which was further deprotonated with LDA and the anion trapped with
TMSCI to yield enolsilylated diene 5. The reaction of diene 5 with benzoquinone 6 via Diels-Alder cycloaddition
in benzene at 4 °C to 25 °C produced the bicyclic skeleton juglone 7 in 72% yield. Direct reduction of juglone 7
with LiAlH4 led to the desired natural product, O-methylasparvenone (1), in 66% yield.*

OMe q
CO,Me DA, HMPA Me CO;Me DA, -78 °C
/E _— — MeX\OTMS +
Me' OMe Etl, THF OMe TMSCI, THF Br
-78°C, 81% OMe L
5 6

3 4
b ~4 °C-25°C

enzene 72%

OH O (0]

Me LiAIH, MeOQ
— W
MeO THF, 1h M
OH 66% OH O
()-O-Methylasparvenone (1) 7

Scheme 1. Brassard’s total synthesis of O-methylasparvenone.
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2.2. Bos’s total synthesis of (£)-O-methylasparvenone (1997)

In 1997, B6s and coworkers reported an impressive synthesis of (+)-O-methylasparvenone (1) utilizing a
tandem Michael-Dieckmann reaction to construct the tetralone scaffold (Scheme 2). The synthesis began with
the formation of 6-ethyl-5,7-dimethoxy-3H-isobenzofuran-1-one 10, which was accessed from known
aldehyde 8. Aldehyde 8 was reduced using sodium borohydride to give benzylic alcohol 9 (86%), and then
treated with n-BulLi and CO; to provide 10 in 55% yield. The carbanion of 10 was formed with LDA and added
to butyl acrylate 11, which furnished the Michael-product tetralone 12. The butyl ester group from 12 was
hydrolyzed using Na,COs; followed by decarboxylation, resulting in compound 13. Finally, selective
demethylation of 13 delivered ()-O-methylasparvenone 1.1°

OMe OMe BuLi oMe o
NaBH n-hexane OBu
Me’ 4 Me 2
_— _ > M +
: e B ¢
MeO EtOH, 1 h MeO CO,
86% Me Me MeO
(e} OH N '
8 9 / N, 10 11
Me Me
55.3% o THF:hexane
LDA, -75 C\ (9:1), 50%
OMe O 1 N NayCOs, OMe O
BBr3 DCM EtOH 15 h, rt Bu
-75°Ctort 1 N HCI, 60 °C
30 min, 57% 15 min, 70.8%
(x)-O-Methylasparvenone (1)

Scheme 2. Bos’s total synthesis of (+)-O-methylasparvenone.

2.3. Boukouvalas’s total synthesis of (+)-O-methylasparvenone (2016)
The Boukouvalas’s group reported the first asymmetric total synthesis of (+)-O-methylasparvenone (1) in
2016, using a new enantioselective approach to construct the 4-hydroxy-1-tetralone ring. The synthesis began
with the preparation of aldehyde 16 (Scheme 3). Commercially available 3,4,5-trimethoxybenzaldehyde
dimethyl acetal 14 was converted to 16 through regioselective reductive alkylation with Na/THF and ethyl
iodide at 0 °C, followed by acetal hydrolysis. Aldehyde 16 underwent enantioselective alkynylation using
methyl propiolate to provide alkyne 17 in moderate yield (58%) with high enantiomeric purity (ee 94%). Next,
silyl protection of the benzylic alcohol, alkyne saturation under H,/Pd-C conditions, and ester hydrolysis
delivered acid 20 in an overall yield of 80%.

Treatment of 20 with freshly distilled trifluoroacetic anhydride unusually resulted in an excellent yield of
tetralone 21. Selective demethylation of the methoxy ether ortho to the carbonyl, followed by silyl
deprotection using TBAF, produced the desired natural product (+)-O-methylasparvenone 1 in 83% yield.’
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Scheme 3. Boukouvalas’s total synthesis of (+)-O-methylasparvenone.

2.4. Zard’s total synthesis of (£)-10-norparvulenone and (1)-O-methylasparvenone (2003)
Zard and coworkers achieved the total synthesis of (+)-10-norparvulenone 2 and (+)-O-methylasparvenone 1 in
2003 by utilizing a xanthate-mediated free radical addition-cyclization sequence to construct the challenging
tetralone component of these compounds (Scheme 4). The synthesis of (+)-10-norparvulenone 2 began with
the preparation of tetralone subunit 27. Commercially available m-methoxyphenol 23 was acylated with
bromoacetyl bromide to produce bromoacetophenone 24. Treatment of 24 with potassium ethyl xanthate in
acetone at 0 °C, followed by addition of acetic anhydride, afforded the desired radical precursor 26 in
guantitative yield. Next, 26 underwent a three-step, one-pot reaction sequence involving radical addition of
the xanthate onto vinyl pivalate using dilauroyl peroxide (DLP) as the initiator under acetic anhydride medium
(26 to A), followed by refluxing with DLP in DCE (A to B), and finally, treatment with ammonium hydroxide,
resulting in the bicyclic tetralone intermediate 27 in an overall 36% yield (B to 27). After optimizing reaction
conditions, the formyl group on the aromatic ring of 28 was introduced by treating a cold solution of 27 with
TiCls and dichloromethyl methyl ether in 96% yield. Finally, chemoselective reduction of the aldehyde,
followed by saponification of the trimethylacetyl ester group, produced (+)-10-norparvulenone 2 in 68% yield.
Due to the close relationship between (t)-10-norparvulenone 2 and (t)-O-methylasparvenone 1, Zard
opted to synthesize 1 using the common intermediate aldehyde 28. Aldehyde 28 was subjected to Wittig
olefination to afford olefin 29 in a moderate yield. The olefin was then hydrogenated, followed by
saponification to complete the synthesis of O-methylasparvenone 1.18
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OH OH DLP, Ac,0O
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23 AcO P 25 R=H 3) NH4OH
2 yEzs, R = Ac MeOH, rt
OH O OH O
1) Hp, Pd/IC z CH3BrPPh3
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MeO' MeO
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96%
29 28 27
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1) NaBH;CN One-pot 3-step 27
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O g o
2) NaOH, 0.5 N » AC2 MeOH, rt
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68% OAc O OAc O
(+)-O-Methylasparvenone (1) (£)-10-Norparvulenone (2) c c
2) DLP
—_—
DCE
MeO SC(S)OEt reflux MeO
OPiv OPiv
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Scheme 4. Zard’s total synthesis of 10-norparvulenone and of O-methylasparvenone.

3. Catalponol

Catalponol was first extracted from the wood of Catalpa ovata (also known as Kisasage in Japanese) by Inouye
et al. in 1971.1° McDaniel has shown that this natural substance possesses significant antitermitic properties.2°
Furthermore, Lee has also demonstrated that catalponol has the ability to promote dopamine biosynthesis
and protect a variety of PC12 cells against the cytotoxicity caused by L-DOPA.?! To date, the groups of Kiindig
and Sasai have each reported a total synthesis of catalponol.

O

Catalponol (30) ——

3.1. Kiindig’s total synthesis of catalponol (2010)

In 2010, Kiindig and coworkers reported the first total synthesis of catalponol 30. They devised two unified
approaches to access catalponol, utilizing: 1) a novel, efficient one-step enantioselective monoreduction of
tetralin-1,4-dione to form 4-hydroxy-1-tetralone, and 2) a more selective enantioselective route involving
planar chromiumtricarbonyl complexes of hydroxytetralone.
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Scheme 5. Kiindig’s total synthesis of catalponol.

Scheme 5 outlines the synthetic approach to catalponol. Initially, catalytic enantioselective asymmetric
monoreduction of tetralin-1,4-dione using (R)-32 as the catalyst and catecholborane gave 4-hydroxy tetralone
(5)-33 with excellent enantioselectivity. Compound 33 was then subjected to silyl protection to furnish 34.
Compound 34 was transformed to its mono-prenylated derivative, resulting in the formation of cis 36 and
trans 37 diastereoisomers in 83% yield with a 52:48 diastereomeric ratio, along with a minor diprenylated
product. Treatment of the mixture of diastereoisomers 36 and 37 with TBAF afforded catalponol (30) and 2-
epi-catalponol (30a). However, this route failed to demonstrate higher selectivity for catalponol as
anticipated.??

Klndig's second approach is based on a more diastereoselective strategy, utilizing chromium complexes
[Cr(arene)(CO)s]. In this approach, the author prepared the chromium complex 40 of the widely available 1,4-
dihydroxynaphthalene precursor 38 through tautomer 39. Next, complex 40 was subjected to enantioselective
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reduction to install the appropriate chiral benzylic hydroxyl group, which was then protected as a TMS to
afford 42. The LDA-mediated enolate formation and prenylation of the Cr(CO)s complex resulted in the
formation of a single diastereomer of exo-complex 43. This exo-complex was transformed into endo-complex
44 by enolate formation and exo-protonation with citric acid. Finally, ether hydrolysis and decomplexation
yielded enantiomerically pure catalponol.

3.2. Suzuki’s total synthesis of catalponol (2015)

Suzuki and colleagues developed a straightforward one-pot method for synthesizing benzylidene-
hydroxytetralones from meso-diols using chiral iridium-catalyzed tandem asymmetric hydrogen transfer
oxidation/aldol condensation (Scheme 6). When meso-1,4-tetralinediol (46) was treated with 3-methyl-2-
butenal (47) in the presence of catalyst (R,R)-cat, followed by the addition of KOH, the desired dienone 48 was
obtained in an 87% yield with 99% ee. After multiple experiments on the achiral conjugate reduction of
unsaturated carbonyl compounds, the authors were able to complete the total synthesis of catalponol 30 in a
78% vyield by utilizing PdCl,, dppf, and catecholborane, along with an undesired minor isomer 30a in 8%.23

1) (R,R-cat)
OH THF Q

o 1) PdCl,, dppf \)\
©:) + j\)\ 30°C,4h ~2 — catecholborane ©i§
© 2) KOH, 0.5 h .

OH 87%, 99% ee OH (8 1)

46 47 ! 48 Catalponol (30, 78%) 30a (8%)
|

Scheme 6. Suzuki’s total synthesis of catalponol.

4. Perenniporides

—— Perenniporide A (49) —

Perenniporides A-D are a class of natural products that were isolated by Liu and Che in 2012 from the fungus
Perenniporia sp. found in the larva of the phytophagous weevil, Euops chinesis.?* Among these compounds,
Perenniporide A (49) has been found to exhibit a strong inhibitory effect on various plant pathogens. Its
structure features a-tetralone skeleton with a 2-hydroxypropanoic acid appendage. So far, only one total
synthesis of 49 has been reported in the literature.
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4.1. Ohmori, and Suzuki’s total synthesis of perenniporides (2015)
In 2015, Ohmori and Suzuki achieved the first total synthesis of perenniporide A (49), utilizing a remarkable
high-pressure cycloaddition reaction to efficiently build the tetralone core of the molecule.

BnOH

1) TIPSOTf
OB

/@\ _ NaH /@\ PhLi A 2,6-lutidine
CH,Cl,, 1t

NM:S/ rt THF, -78 °C BF3 OEt, quant

—_—

: -78°Cto0°C HO,, 2) cat. TsOH
T 1% ‘ MeOH, reflux

84%

TBSO TBSO

OBn
1) Hp, Pd/C 1) IBX
THF rt DMSO, rt
~ “OTBS + F F
2) PhI( OCOCF3)2 TIPSO,, 2) NaClO,, NaH,PO, TIPSO,
CH3CN, 2-methyl-2-butene
68% =
HO

TIPSO -BUOH, Hy0 = 3/1, rt
88%
54
OH O OH O
10 Kbar CHthCéZéé“h NaOMe Me O‘
MeO MeOH MeO 0
15 min \
on o TIPSC" -78100°C TIPSO O
Gpc (4R, 12R)-58a (40%) 59 (17%) 60 (81%)
O‘ separatlon +
MeO n-BuyNF, THF
15 min, 0 °C
) NaOMe
s MeOH 15 min 90% 81%
TPso 0 7810 0 °C, 85% \
58 2) n-Bu,NF, THF
TIPSO$ % 15 min, 0 °C, 36%
(4S, 12R)-58b (26%) OH O OH O

"
MeO OMe MeO' %
O“‘ :

HO O

OMe

4-epi-Perenniporide A (61) Perenniporide A (49)

Scheme 7. Ohmori and Suzuki’s total synthesis of perenniporides.

The synthesis began with the preparation of the crucial cycloaddition precursor, difluorodienone (56),
starting from 1,3,5-trifluorobenzene (50) (Scheme 7). Compound 50 underwent a SNAr reaction with benzyl
alkoxide, resulting in the formation of the single-substituted difluoride 51. This compound was then lithiated
regioselectively using PhLi and added to epoxide 52 in the presence of BFs.OEt,, providing compound 53. TIPS
protection of the secondary alcohol and selective removal of the TBS group under specified conditions gave
primary alcohol 54 in 84% vyield over two steps. The primary alcohol was transformed into carboxylic acid
functionality by IBX oxidation, which was then followed by Kraus-Pinnick oxidation, yielding acid 55 in 88%
yield (two steps). Compound 55 underwent H,, Pd/C-promoted removal of the benzyl ether, followed by
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oxidative dearomatization of the resulting labile phenol using Phl(OCOCF3);, giving difluorodienone 56 in 68%
yield.

After obtaining the key intermediate 56, the Diels-Alder reaction with siloxy diene 57 was investigated.
After extensive optimization of reaction conditions, the siloxy diene 57 and difluorodienone 56 were subjected
to ultra-high-pressure conditions (10 Kbar, DCM, rt, 24 h) to yield the Diels-Alder adduct (a-tetralone) 58 in a
68% vyield as a 3/2 inseparable mixture (simple chromatography conditions). This mixture was separated using
gel permeation chromatography (YMC-GPC T4000+T2000, AcOEt) to afford 58a and 58b in 40% and 26% vyield,
respectively. The relative stereochemistry was assigned using 2D NMR analysis. Next, the fluorine atom in 58a
was replaced by a methoxy group, vyielding compounds 59 and 60, which, upon treatment with
tetrabutylammonium fluoride, afforded the natural product perenniporide A. Similarly, 58b was transformed
into 4-epi-perenniporide A 61.2°

5. Actinoranone

Actinoranone is a meroterpene natural compound that was isolated from a marine-derived actinomycete by
Fenical and colleagues in 2013.2° This natural product possesses an unusual scaffold composed of diterpene
and polyketide (containing tetralone functionality) and has been demonstrated to exhibit significant in vitro
cytotoxicity against HCT-116 human colon cancer cells, with an LDso value of 2.0 pg/mL.

Actinoranone (62)

To date, the research teams of Xu/Ye, has completed a total synthesis. Pastre, and Christmann have
secured formal syntheses of actinoranone.

5.1. Xu/Ye’s total synthesis of actinoranone (2017)

In 2017, the Xu/Ye research group accomplished the first total synthesis of actinoranone 62 and successfully
assigned its stereochemistry. The construction of the core skeleton was achieved through the use of an
intramolecular Friedel-Crafts reaction and a benzylic C-H oxidation reaction (Scheme 8).
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Scheme 8. Xu/Ye’s total synthesis of actinoranone.
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To synthesize actinoranone, aldehyde 70 was prepared from (R)-oxazolidinone imide 63. Allylation of 63
with allyl bromide gave allylated amide 64, which was reduced using LiBH4 to afford primary alcohol 65. TIPS
protection of the primary alcohol followed by hydroboration of the terminal olefin to obtain the monosilylated
diol 66. Oxidation of alcohol 66 under Parikh-Doering conditions led to the aldehyde, which was then
subjected to a Friedel-Crafts reaction and dehydration with catalytic p-toluenesulfonic acid to produce bicycle
68. This was hydrogenated, and the primary alcohol was desilylated to produce aldehyde 70 through Dess-
Martin oxidation. The vinyl iodide coupling partner 72 was prepared from commercial (+)-sclareolide 71 in 15
steps, allowing for efficient synthesis of actinoranone.

The n-Buli-mediated coupling of 72 and 70 proceeded smoothly, producing secondary alcohol 73 in a 78%
yield with reasonable selectivity (Felkin/anti-Felkin = 5:1). The resulting diastereomers were separated using
column chromatography, and the stereochemistry at the secondary hydroxyl group was determined using
Mosher's ester.

The required major isomer was protected as a PNB ester, and benzylic C-H oxidation of 74 using DDQ gave
tetralone 75. Hydrolysis of ester 75 ultimately yielded actinoranone (76). However, upon comparison of the
spectral data with natural actinoranone, considerable differences were observed. To determine the exact
structure of actinoranone, the ent-70 isomer of the aldehyde was prepared and coupled with vinyl iodide to
form 77. The Mitsunobu inversion of alcohol 77, benzylic C-H activation, and ester hydrolysis were used to
deliver the desired natural product, actinoranone 62, in a 29% yield over 3 steps. All analytical data agreed
with known data.?’

5.2. Pastre’s formal synthesis of actinoranone (2017/2018)

In 2017, Pastre and coworkers reported a formal synthesis of actinoranone (62) that utilized similar chemistry
to Xu's approach in constructing the tetralene scaffold. The synthesis of actinoranone began with the
preparation of aldehyde ent-70 and vinyl iodide 72. Initially, vinyl iodide 72 was obtained from commercial (+)-
sclareolide (71) in approximately 8 steps, using a sequence previously reported procedure.

The synthesis of the aldehyde fragment began with the enantioselective hydroxymethylation of allylic
acetate 80 under an iridium catalyst, which provided a straightforward way of obtaining alcohol 81 (Scheme
9). The primary alcohol was protected as silyl ether, and the terminal olefin was converted into unsaturated
aldehyde 83 using Grubbs cross metathesis with (E)-crotonaldehyde. Next, catalytic hydrogenation of the
olefin, followed by Friedel-Crafts cyclization and dehydration, produced the bicycle with a new olefin 84.
Compound 84 was subjected to a second hydrogenation, followed by silyl deprotection and DMP oxidation,
which delivered the required aldehyde fragment ent-70.

Finally, the coupling of fragments 72 and ent-70 was carried out using lithium halogen exchange to give
alcohol 77, which was an advanced intermediate in Xu/Ye's total synthesis, thus completing the formal
synthesis of actinoranone (62).%2

About a year later, the same group reported a full account of their efforts towards the formal synthesis of
actinoranone (62) (Scheme 10).2° The polyketide fragment was prepared using protecting group-free synthetic
methods. The primary alcohol 81 was first transformed into an acrylate 86, which was then metathesized and
hydrogenated to yield the 6-valerolactone derivative 88. DIBAL-H reduction of the lactone, followed by a
subsequent Friedel-Crafts reaction of the resulting lactol, and hydrogenation produced compound 90. The
desired aldehyde fragment ent-70 was obtained by oxidizing primary alcohol 90. Finally, the coupling of ent-70
and 72 using butyl lithium provided 77, an intermediate in previous syntheses of actinoranone, thus
accomplishing the formal synthesis of actinoranone (62).
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Scheme 9. Pastre’s formal synthesis of actinoranone.
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Scheme 10. Pastre’s formal synthesis of actinoranone.
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5.3. Menger and Christmann’s formal synthesis of actinoranone (2019)
In 2019, Menger and Christmann reported an approach to the synthesis of actinoranone (62) through
intermediate 77 (Scheme 11).3° The synthesis of 77 utilized a semipinacol rearrangement/Wittig reaction
sequence and a chiral pool approach for the syntheses of the tetralone and octalin fragments, respectively.
The epoxide 92 was synthesized from allylic alcohol 91 via catalytic Sharpless epoxidation, followed by silyl
protection. The Yamamoto rearrangement of 92, using stoichiometric quantities of (methylaluminum bis-(4-
bromo-2,6-di-tert-butylphenoxide)), followed by direct addition of freshly produced Wittig reagent, resulted in
the formation of unsaturated ester 93. Olefin hydrogenation followed by ester reduction led to the formation
of aldehyde 95. Using p-TsOH as a catalyst, cyclization, silyl ether cleavage, and hydrogenation of the olefin
provided the bicyclic alcohol 90. The oxidation of alcohol 90 by Dess Martin periodinane yielded aldehyde
fragment ent-70.

When aldehyde ent-70 was combined with in-situ lithiated vinyl iodide 72, the allylic alcohol 77 was
obtained, completing the formal synthesis of actinoranone.

1) Ti(OPr), oMe
OMe (+)-DET (4-Br-2,6-'Bu-Ph),AlMe
t BuOOH CH,Cly, -78 °C, 15 min Pd/C, H,
O D
Mo I~__OH 4AMS CH,Cly - OTBS then MeCN, 23 °C
e 20°C,2h EtO,C_PPhsBr 16 h, 93%
80%, 96% e KO'Bu, THF, 0 °C, 4 h
91 92 u, THF, .
71%, 90% ee
OMe
DMP QMe 1) p-TsOH.H,0

NaHCO, oH PhMe, 23°C, 1h OTBS  DIBAL-H OTBS

CH,Cl, MeO 2) Pd/C, H, MeO CH,Cl,

0°C,1h MeOH, 23 °C Y -78°C,1h

16 h, 66% (2 steps) o 83%
90
OMe
O 72, n-BulLi, -78 °C
MeO b+ meo
e Et,0, 1 h
then 3/ent-70, 70%
ent-70

Scheme 11. Menger and Christmann’s formal synthesis of actinoranone.

6. Aristelegone-A, B and Schiffnerone B

Aristelegone-A and B are natural metabolites that were isolated by the Wu research group in 2002 from the
root and stem of Aristolochia elegans.3! Schiffnerone-B was isolated from the wood of Dysoxylum schiffneri.3?
To date, four total syntheses of aristelegone-A and B and one synthesis of schiffnerone-B have been reported.
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Me Me OH Me
HO. < MeO X
Me |; Me : ; “'OH Me
(e} (e} (e}
L— Aristelegone-A (96) —' — Aristelegone-B (97)— — Schiffnerone-B (98) —

6.1. Zhou'’s total synthesis of aristelegone-A (2012)
In 2012, Zhou's research group developed an expeditious method for the highly enantioselective iridium-
catalyzed hydrogenation of 4-alkyl-4-aryl-3-butenoic acids. Using the iridium catalyst (100) (0.5 mol %), H2 (3
atm), and Et3N (1 equiv) in methanol at 65 °C, various chiral 4-alkyl-4-aryl butanoic acids were obtained with a
broad substrate scope, functional group tolerability, and excellent enantioselectivity. This methodology was
successfully applied for the total synthesis of aristelegone-A (96).

The concise total synthesis of aristelegone-A was accomplished by Friedel-Crafts reaction of chiral
butanoic acid (101) and subsequent demethylation with Et,NCH,CH>SNa (Scheme 12).33

Me Me

H/(S,:S)-100 < TFA/TFAA
MeO
cooH — = "¢ COOH —————
NEts, M
3, eeOH Me 0°C
65°C 101
95% ee

Me

MeO.
_EuNCH;CHSNa.
BArg”
F : : ; DMF, reflux Me I

102

R)-Aristelegone-A (96)

Ar = 3,5-M62C6H3
R = a-naphthylmethyl
100

Scheme 12. Zhou'’s total synthesis of aristelegone-A.

6.2. Serra’s Total synthesis of aristelegone-A, B and schiffnerone B (2013)

Serra in 2013 reported the enantioselective total synthesis of the most common trinorsesquiterpene
tetralones (aristelegone-A and B and schiffnerone-B) using stereodivergent method and simple chemical
transformations. The required tetralone core was achieved using a Friedel-Crafts reaction.3*

Initially, Serra proposed obtaining the tetralone scaffold via a Friedel-Crafts reaction from an open-chain
acid, either (R)-101 or (S)-107 (Scheme 13). To this end, the synthesis of natural products 96 and 97
commenced with the substituted (S)-2-arylpropanol (S)-103, which was prepared from lipase-mediated
resolution of racemic 2-arylpropanols (+)-103. The alcohol (S)-103 underwent a four-step reaction sequence
involving mesylation, alkylation of sodium salt of diethylmalonate, hydrolysis of diester, and decarboxylation
to yield its homologous acid (R)-101. The acid (R)-101 was then subjected to classic Friedel-Crafts reaction,
leading to the desired chiral tetralone scaffold. Demethylation of this tetralone produced (R)-(+)-aristelegone-
A (96), while KOH/IDBA (iodobenzene diacetate) mediated a-hydroxylation yielded (2S, 4R)-(-)-aristelegone B
(97).
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Scheme 13. Serra’s total synthesis of aristelegone-A, B and schiffnerone B.

To synthesize compound 98, (S)-3-arylbutanol (5)-105 was utilized as the starting material. The (S)-3-
arylbutanol was prepared through baker's yeast mediated reduction of substituted (E)-3-aryl-but-2-enal 104.
The alcohol (S)-105 was converted into cyano functionality by first tosylating it and then displacing the tosylate
group with sodium cyanide. The resulting nitrile was hydrolyzed using a refluxing solution of sodium hydroxide
to produce the desired acid (S)-107. A regioselective Friedel-Crafts cyclization followed by demethylation then
yielded (S)-(-)-schiffnerone-B (98).

6.3. Argade’s total synthesis of aristelegone B and methylaristelegone A (2015)

In 2015, Batwal and Argade reported a chemoenzymatic total synthesis of various optically active terpenoids
based on a tetralone scaffold. Their approach employed late-stage efficient enzymatic resolution, providing
access to both enantiomers.

The synthesis began with the preparation of tetralone 111 from 2-methylanisole (109) and succinic
anhydride (110) in three steps, including Friedel-Crafts acylation, Clemmensen reduction, and acid-promoted
intramolecular cyclization (Scheme 14). Wittig olefination of ketone 111, followed by hydrogenation of the
resulting olefin, and benzyllic oxidation, yielded another tetralone, 102.

Base-induced stereoselective a-hydroxylation of 102 with a hypervalent iodine reagent
((bis(trifluoroacetoxy) iodo)benzene) resulted in the formation of (t)-aristelegone B (97), which was then
subjected to lipase Amano PS-catalyzed stereoselective acylation, providing optically active natural product
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(-)-aristelegone B (97) (54%, 94% ee) and (+)-acylaristelegone B (114) (46%, 96% ee). Upon acetate hydrolysis,
compound 114 was transformed into (+)-aristelegone B (97a), and samarium iodide-mediated deacetoxylation
converted this compound into (-)-methylaristelegone A (115).3°

Hy
3 steps [PhsP*-CHg, n-BuLi  M© 10% Pd/C
M90:© T ea%  MeO THF, 0°C,10h  MeO EtOAc, 25 °C
O 74% 4 h, (~100%)
110 11 12
Lipase O KMnOy,, FeCly
Amano PS Me OH (CF3C0;),ICeHs  Me acetone
VA MeO Oﬁ KOH, MeOH a0 -78°Cto25°C MeO
acetone Me 0°Cto25°C 10 h (73%)
25°C, 36 h 3 h (74%)
: (+)-97 (dr = 6:1) 0) ()- 102 (#)-113
0
j@é wOAC KZCO3 Me wOH
Y MeOH, 0°C  MeO Y
Mo 1h, 82% Ve
-)-Aristelegone-B (97) )-114 (46%, 96% ee) (+)-Aristelegone-B (97a)
(54%, 94% ee)
Sml, | 0°C,2h
THF | 84% I:ij
(-)-Methylaristelegone-A (115)

Scheme 14. Batwal and Argade’s total synthesis of aristelegone B and acylaristelegone B.

6.4. Hong/Lu'’s total synthesis of aristelegone A and B (2022)

The research groups of Hong and Lu have developed an efficient cobalt-catalyzed enantioconvergent
hydrogenation technique, which utilizes easily available, minimally functionalized E/Z-olefin mixtures. This
technique was used for the formal total synthesis of aristelegone A and B.

The synthesis began with the enantioselective hydrogenation of trisubstituted olefin 116, which delivered the
chiral compound 118 in quantitative yield and 98% ee. Compound 118 was subsequently transformed into

known intermediate methylaristelegone A (115b) in two stages via 119. This completed the formal synthesis of
96 and 97 (Scheme 15).3°
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Scheme 15. Hong/Lu’s total synthesis of aristelegone A and B.

7. Conclusions

The a-tetralone skeleton is a unique structural feature found in natural products with diverse biological
activities, making them a subject of increasing interest in the organic synthetic community. This review
provides a summary of the total syntheses of various natural products containing this scaffold, such as 10-
norparvulenone, O-methylasparvenone, aristelegone-A, aristelegone-B, catalponol, perenniporide A, and
actinoranone, achieved since 1991. To construct this tetralone framework, several general and concise
synthetic strategies have been employed, including ring-formation reactions such as Diels-Alder and Friedel-
Crafts acylation-cyclization, as well as radical cyclization reactions. Although several other natural products
with this motif have been isolated, their syntheses have not yet been reported. The unique challenges
associated with tetralones have spurred innovative solutions and novel chemical techniques. As new bioactive
tetralones are discovered every year, the synthetic interest in this class of natural products is expected to
grow. Therefore, it will be intriguing to witness the emergence of new strategies, alternative disconnections,
and useful synthetic methods in the future.

8. Acknowledgements
The authors thank North Dakota State University for financial support.
References

1. Chumpradit, S.; Kung, M.-P.; Vessotskie, J.; Foulon, C.; Mu, M.; Kung, H. F. J. Med. Chem. 1994, 37, 4245.
https://doi.org/10.1021/jm00050a021.

2. Foulon, C.; Kung, M. P.; Kung, H. F. J. Med. Chem. 1993, 36, 1499.
https://doi.org/10.1021/im00062a025

3. Meyer, J. H.; Bartlett, P. A. J. Am. Chem. Soc. 1998, 120, 4600.
https://doi.org/10.1021/ja973715j.

Page 19 of 22 ©AUTHOR(S)


https://doi.org/10.1021/jm00050a021
https://doi.org/10.1021/jm00062a025
https://doi.org/10.1021/ja973715j

Arkivoc 2024 (2) 202312053 Thorat, S. S. et al.

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Matsumoto, T.; Ohsaki, M.; Suzuki, M.; Kimura, Y.; Terashima, S. Chem. Pharm. Bull. 1986, 34, 4605.
https://doi.org/10.1248/cpb.34.4605.

Stout, D. M.; Gorczynski, R. J. J. Med. Chem. 1982, 25, 326.

https://doi.org/10.1021/jm00345a019.

Tagmatarchis, N.; Thermos, K.; Katerinopoulos, H. E. J. Med. Chem. 1998, 41, 4165.
https://doi.org/10.1021/jm980284m.

Silveira, C. C.; Braga, A. L.; Kaufman, T. S.; Lenardao, E. J. Tetrahedron 2004, 60, 8295.
https://doi.org/10.1016/j.tet.2004.06.080.

Muzart, J. Tetrahedron: Asymmetry 2014, 25, 697.

https://doi.org/10.1016/].tetasy.2014.02.017.

Huang, J.; Tang, H.; Yan, C.; Li, G. Cell Rep. Phys. Sci. 2021, 2, 100292.
https://doi.org/10.1016/j.xcrp.2020.100292.

Sheng, K.; Song, Y.; Lei, F.; Zhao, W.; Fan, L.; Wu, L.; Liu, Y.; Wu, S.; Zhang, Y. Eur. J. Med. Chem. 2022, 227,
113964.

https://doi.org/10.1016/j.ejmech.2021.113964.

Gauni, B.; Mehariya, K.; Shah, A.; Duggirala, M. S. Lett Drug Des Discov. 2021, 18, 222.
https://doi.org/10.2174/1570180817999201013165656.

Clive, D. L. J.; Wang, J. Org. Prep. Proced. Int. 2005, 37, 1.
https://doi.org/10.1080/00304940509355400.

Shan, R.; Stadler, M.; Anke, H.; Sterner, O. J. Nat. Prod. 1997, 60, 804.
https://doi.org/10.1021/np970145s.

Fukami, A.; Nakamura, T.; Kim, Y-P.; Shiomi, K.; Hyashi, M.; Nagai, T.; Yamada, H.; Komiyama, K.; Omura, S.
J. Antibiot. 2000, 53, 1215.

https://doi.org/10.7164/antibiotics.53.1215.

Caron, B.; Brassard, P. Tetrahedron 1991, 47, 4287.
https://doi.org/10.1016/S0040-4020(01)87099-X.

Bds, M.; Canesso, R.; Inoue-Ohga, N.; Nakano, A.; Takehana, Y.; Sleight, A. J. Bioorg. Med. Chem. 1997, 5,
2165.

https://doi.org/10.1016/5S0968-0896(97)00160-0.

Lafleur-Lambert, R. I.; Boukouvalas, J. Org. Biomol. Chem. 2016, 14, 8758.
https://doi.org/10.1039/C60B01678B.

Vargas, A. C.; Quiclet-Sire, B. a.; Zard, S. Z. Org. Lett. 2003, 5, 3717.
https://doi.org/10.1021/0l0353940.

Inouye, H.; Okuda, T.; Hayashi, T. Tetrahedron Lett. 1971, 12, 3615.
https://doi.org/10.1016/5S0040-4039(01)97244-2.

McDaniel, C. A. J. Chem. Ecol. 1992, 18, 359.

https://doi.org/10.1007/BF00994237.

Huang, H.-S.; Han, X.-H.; Hwang, B.-Y.; Park, J.-1.; Yoo, S.-K.; Choi, H.-S.; Lim, S.-C.; Lee, M.-K. J. Asian Nat.
Prod. Res. 2009, 11, 867.

https://doi.org/10.1080/10286020903193094.

Garcia, A. E.; Ouizem, S.; Cheng, X.; Romanens, P.; Klindig, E. P. Adv. Synth. Catal. 2010, 352, 2306.
https://doi.org/10.1002/adsc.201000384.

Suzuki, T.; Ismiyarto; Ishizaka, Y.; Zhou, D.-Y.; Asano, K.; Sasai, H. Org. Lett. 2015, 17, 5176.
https://doi.org/10.1021/acs.orglett.5b02480.

Page 20 of 22 ©AUTHOR(S)



https://doi.org/10.1248/cpb.34.4605
https://doi.org/10.1021/jm00345a019
https://doi.org/10.1021/jm980284m
https://doi.org/10.1016/j.tet.2004.06.080
https://doi.org/10.1016/j.tetasy.2014.02.017
https://doi.org/10.1016/j.xcrp.2020.100292
https://doi.org/10.1016/j.ejmech.2021.113964
https://doi.org/10.2174/1570180817999201013165656
https://doi.org/10.1080/00304940509355400
https://doi.org/10.1021/np970145s
https://doi.org/10.7164/antibiotics.53.1215
https://doi.org/10.1016/S0040-4020(01)87099-X
https://doi.org/10.1016/S0968-0896(97)00160-0
https://doi.org/10.1039/C6OB01678B
https://doi.org/10.1021/ol035394o
https://doi.org/10.1016/S0040-4039(01)97244-2
https://doi.org/10.1007/BF00994237
https://doi.org/10.1080/10286020903193094
https://doi.org/10.1002/adsc.201000384
https://doi.org/10.1021/acs.orglett.5b02480

Arkivoc 2024 (2) 202312053 Thorat, S. S. et al.

24. Feng, Y.; Wang, L.; Niu, S.; Li, L.; Si, Y.; Liu, X.; Che, Y. J. Nat. Prod. 2012, 75, 1339.
https://doi.org/10.1021/np300263u.

25. Morita, M.; Ohmori, K.; Suzuki, K. Org. Lett. 2015, 17, 5634.
https://doi.org/10.1021/acs.orglett.5b02906.

26. Nam, S.-J.; Kauffman, C. A.; Paul, L. A.; Jensen, P. R.; Fenical, W. Org. Lett. 2013, 15, 5400.
https://doi.org/10.1021/0l402080s.

27. Guo, Y.-a.; Zhao, M.; Xu, Z.; Ye, T. Chem. Eur. J. 2017, 23, 3572.
https://doi.org/10.1002/chem.201700476.

28. Novaes, L. F. T.; Pastre, J. C. Org. Lett. 2017, 19, 3163.
https://doi.org/10.1021/acs.orglett.7b01287.

29. Novaes, L. F. T.; Gongalves, K. d. A.; Trivella, D. B. B.; Pastre, J. C. J. Org. Chem. 2018, 83, 5160.
https://doi.org/10.1021/acs.joc.8b00514.

30. Menger, M.; Christmann, M. Tetrahedron 2019, 75, 10.
https://doi.org/10.1016/j.tet.2018.11.003.

31. Wu, T.-S.; Tsai, Y.-L.; Damu, A. G.; Kuo, P.-C.; Wu, P.-L. J. Nat. Prod. 2002, 65, 1522.
https://doi.org/10.1021/np020218u.

32. Mulholland, D. A.; lourine, S.; Taylor, D. A. H. Phytochemistry 1998, 47, 1421.
https://doi.org/10.1016/5S0031-9422(97)00705-X.

33.Song, S.; Zhu, S.-F.; Yang, S.; Li, S.; Zhou, Q.-L. Angew. Chem. Int. Ed. 2012, 51, 2708.
https://doi.org/10.1002/anie.201107802.

34. Serra, S. Nat. Prod. Commun. 2013, 8, 863.
https://doi.org/10.1177/1934578X1300800704.

35. Batwal, R. U.; Argade, N. P. Org. Biomol. Chem. 2015, 13, 11331.
https://doi.org/10.1039/C50B01740H.

36. Lu, P.; Wang, H.; Mao, Y.; Hong, X.; Lu, Z. J. Am. Chem. Soc. 2022, 144, 17359.
https://doi.org/10.1021/jacs.2c08525.

Biographies

Sagar Sudam Thorat hails from the village of Chinchani (Ambak) in Maharashtra, India. He earned his B.Sc.
degree from Shivaji University, Kolhapur, and his M.Sc. in organic chemistry from PAH Solapur University,
Solapur, India in 2014, where he was awarded a Gold Medal. Having successfully cleared the CSIR-NET exam,

Page 21 of 22 ©AUTHOR(S)


https://doi.org/10.1021/np300263u
https://doi.org/10.1021/acs.orglett.5b02906
https://doi.org/10.1021/ol402080s
https://doi.org/10.1002/chem.201700476
https://doi.org/10.1021/acs.orglett.7b01287
https://doi.org/10.1021/acs.joc.8b00514
https://doi.org/10.1016/j.tet.2018.11.003
https://doi.org/10.1021/np020218u
https://doi.org/10.1016/S0031-9422(97)00705-X
https://doi.org/10.1002/anie.201107802
https://doi.org/10.1177/1934578X1300800704
https://doi.org/10.1039/C5OB01740H
https://doi.org/10.1021/jacs.2c08525

Arkivoc 2024 (2) 202312053 Thorat, S. S. et al.

he was granted a Junior Research Fellowship (JRF) and Senior Research Fellowship (SRF) by the Council of
Scientific and Industrial Research (CSIR), New Delhi India. Sagar completed his Ph.D. under the guidance of Dr.
Ravindar Kontham at CSIR-National Chemical Laboratory, Pune, India in 2021. Currently, he is a postdoctoral
research associate in the research group of Dr. Mukund Sibi at North Dakota State University, Fargo USA. His
research interests encompass the total synthesis of biologically active natural products, transition metal salt
catalyzed domino reactions, and the synthesis of biobased monomers for applications in polymer chemistry.

Mukund Sibi earned his PhD from the City University of New York. After postdoctoral studies, he began his
independent career at North Dakota State University where he is currently a University Distinguished
Professor. His research focus is on radical chemistry, development of enantioselective reactions, total
synthesis, and green chemistry. Prof. Sibi has received the prestigious Arthur C. Cope Scholar Award from the
American Chemical Society in 2008 in recognition of his contributions to the field of radical chemistry. In 2021
he was elected as a Fellow of AAAS for his contribution to radical chemistry as well as building biomedical research
infrastructure.

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/)

Page 22 of 22 ©AUTHOR(S)


http://creativecommons.org/licenses/by/4.0/

