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Synthesis of Octahydroperylene, the Framework of

Altertoxin Il

Maximilian Gutsche™ and Joachim Podlech*®

Routes to the framework of perylenequinone-derived mycotox-
ins of the dihydroanthracene type are described. Starting with
anthracene derivatives, attachment of C; units at positions 9
and 10 and twofold cyclization would furnish the required
pentacycle. Heck-type couplings, Sy2 additions of enolates,

Introduction

Natural products derived from perylenequinone and thus from
the aromatic pentacycle perylene can be assorted into two
major classes, where representatives of the first one generally
show intact, fully conjugated perylenequinone moieties.””
Typical natural products of this type are cercosporin®® or the
elsinochromes (Figure 1),”! where a number of total syntheses
have been presented for this class of natural products.2®¥
Members of a second class of perylenequinone-derived natural
products do not show full conjugation in the carbon core; they
are partially reduced to di-, tetra-, and hexahydroperylenequi-
nones. Furthermore, they are not augmented by additional
carbon substituents and the twenty carbon atoms of the parent
perylene are thus only complemented by an optional presence
of O-alkyl groups, especially of methoxy groups. These com-
pounds are most generally fungal metabolites and their toxicity
is thus of relevance when the respective fungi invest food or
feed. No total synthesis has been presented so far for any of
these compounds, although we noted some efforts in this
direction made in the Krohn group.” Mycotoxins of this type
can be categorized in some sub-classes® Most of them either
belong to the biphenyl type, in which two stacked, fully intact
benzene rings are present (e.g., altertoxin 1), or to the
dihydroanthracene type, where two diagonally arranged
benzene rings are present (e.g., altertoxin lll, alterlosin II, or
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alkynyl and allyl additions turned out to be not successful, while
addition of a Grignard reagent prepared from acetal-protected
3-bromopropionaldehyde to anthraflavic acid methyl ester,
subsequent acetal cleavage, and Birch reduction furnished
octahydroperylene in only four steps.

stemphyperylenol). An overview on this class of compounds
has been published only recently.”

In this manuscript we describe our efforts on the synthesis
of the altertoxin Il framework, i.e, of the core of the
dihydroanthracene-derived toxins. Our synthetic approaches
towards the altertoxin | core are summarized in a further
publication.®

Results and Discussion

Retrosynthetic analysis of the altertoxin Il framework (A)
includes a Birch-type reduction of tetrahydroperylenequinone B
(Scheme 1). This should be accessible by intramolecular Friedel-
Crafts-type reaction of a suitable precursor C, e.g., of an
aldehyde, a carboxylic ester, or of more activated substrates like
acyl halides. These intermediates could be traced back to
aromatic electrophiles D, from which they are accessible, e.g.,
by Heck reaction. Anthracene derivatives D could be obtained
from anthraquinones E (route A). Alternatively, intermediates C
could be synthesized from anthracenes F, where substituents R
could be any moiety (above all C; units) allowing transformation
into C, e.g., allyl groups or (unsaturated) propanoates (route B).
Introduction of these substituents R should be possible by
Grignard addition to anthraquinones E and subsequent reduc-
tion of the intermediate diols G.

According to the retrosynthetic scheme (route A), we at first
envisioned Heck coupling of anthracene-derived electrophiles D
with acrylates. We tested this sequence with the parent
anthracene 1, which was brominated at 9,10-positions (—2)
following a published procedure,” and subsequently coupled
with methyl acrylate using palladium(ll) acetate as catalyst and
imidazole-derived NHC ligand IMes"® to the known diester 3
(Scheme 2)."" To get access to 2,6-dihydroxyanthracene deriva-
tives 6 we at first protected commercially available 2,6-
dihydroxyanthraquinone (anthraflavic acid, 4) with the methyl"?
and the hexyl group.” The latter was used to improve
solubilities of the respective products.®'® Further protective
groups (MOM, Bn, TBDMS, TPS) were tested, but turned out to
be less suitable. The respective transformations are not included
herein. Subsequent reduction of protected anthraquinones 5

© 2023 The Authors. European Journal of Organic Chemistry published by Wiley-VCH GmbH
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Scheme 2. Heck coupling of anthracene derivatives. Conditions: a) NBS,
LiClO,/SiO, (1:4), CH,Cl,, rt, 30 min, quant.; b) methyl acrylate, Pd(OAc),,
IMes-HCl, K,CO;, DMF, 120°C, 65 h, 65%; c) R=Me, 5a: Me,SO,, K,COs,
acetone, 75°C, 8 h, 78%; R=C¢H,5, 5b: C¢H,3Br, K,CO;, DMF, 90°C, 20 h, 92 %;
d) NaBH,, iPrOH, 90°C, 16 h, R=Me, 6a: 90%, R=C¢H,;, 6 b: 29%; €) e.g., Br,,
HOAG, rt, 1 h or NBS, DMF, 0°C—rt, 16 h.

O OH O OH
perylene perylene biphenyl dihydroanthracene
quinone type type with sodium borohydride (NaBH,)" furnished the anthracenes
Figure 1. A selection of perylenequinone-derived natural products. 6. Unfortunately, these could not be cleanly brominated in 9,10-

positions. The activating properties of the alkyloxy groups
promoted ortho brominations and unusable mixtures of isomers
were obtained with various tested protocols.

Triflates have repeatedly been used in Heck reactions as
alternatives for the respective halogenated electrophiles." For
their preparation, we started with a reductive acylation of the
protected anthraflavic acids 5 with zinc and acetic anhydride

% X = Hal, OTf U (Scheme 3).™ The thus obtained diacetates 8 were saponified
OPG (—9)" and should then be transformed into the respective
OOO bis(triflates) 10. Unfortunately, a tested protocol, which turned
PGO out to be successful for the transformation of hydroquinone
X D V\ and other aromatic diols,"” did not furnish the bis(triflates),
route A even with increased reaction temperatures and/or prolonged
u reaction times.

Since we were not successful in adopting Heck reactions for
our endeavor, we followed alternative routes, which are

(0]
OPG . . . .
O“ summarized as route B in retrosynthetic Scheme 1. Grignard
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Scheme 3. Triflates as precursors for Heck couplings. Conditions: a) R=Me,

Scheme 1. Retrosynthetic analysis for the altertoxin Ill framework. 8a: Zn, Ac,0, NaOAc, 150°C, 4 h, 96 %; R=C4H,3, 8b: Zn, Ac,O, pyridine,
130°C, 4 h, 91 %; b) K,CO;, NaOAc, MeOH; R=Me, 9a: rt, 1 h, 88%; R=C4H3,
9b: 70°C, 2 h, 84%; c) Tf,0, pyridine, CH,Cl,, 0°C—rt, 2-24 h.

Eur. J. Org. Chem. 2023, 202301053 (2 of 6) © 2023 The Authors. European Journal of Organic Chemistry published by Wiley-VCH GmbH

B5UB17 SUOWILIOD BAIeR1D 3|deot|dde 8Uy AG paueA0h 88 Sa|olie O ‘88N JO S3|nJ 04 A%iq 1 UIIUO AB]IM UO (SUOIPUOD-PUR-SLLBIWOD A8 | 1M AReid) 1 ou1{UO//SdRY) SUO RIPUOD pue SWR L 843 835 *[7202/T0A-0] Uo ARiqiTauliuo A8|IMm “d Iinsu| Jeunss|iex Aq 50T0£20g 20/200T 0T/10p/Luiod A3 | im Al jeutjuoadoine-Ans weyo//sduy woly papeojumod]‘o ‘0690660T



Chemistry
Europe

European Chemical
Societies Publishing

Research Article

EurjOC
ur] doi.org/10.1002/ejoc.202301053

European Journal of Organic Chemistry

additions to anthraquinones have repeatedly been
investigated"® and were considered applicable for the introduc-
tion of suitable substituents in positions 9 and 10 of
anthracenes. To test, whether these reactions can be applied to
anthraflavic acids 5, we adapted a published protocol™® and
used a simple methyl Grignard reagent as nucleophile
(Scheme 4). However, no product was obtained with hexyl-
protected anthraquinone 5b, neither with an excess of the
Grignard reagent, nor with prolonged reactions times. Never-
theless, utilization of an ate complex, formed by mixing methyl
magnesium bromide and methyl lithium,"™” led to a clean
reaction and dialcohol 11b was obtained with 87 % yield. As
the diol turned out to be quite unstable, we did not isolate the
Grignard adducts in further reactions, but immediately reduced
these to the respective 9,10-disubstituted anthracenes. This
could be achieved with triethylsilane in the presence of boron
trifluoride diethyl etherate (BF;-OEt,)*” to yield methyl-pro-
tected anthracene 12a, albeit containing some impurities. This
method did neither furnish clean product, when hexyl-
protected derivative 5b was reacted, while the alternative
utilization of tin(ll) chloride in acetic acid®" delivered pure 12b
with 67 % yield. In the following Wohl-Ziegler dibromination we
faced well-known solubility problems.™? No bromination of
methyl-protected derivative 12a was achieved with N-bromo-
succinimide (NBS) and azobis(isobutyronitrile) (AIBN),?? while a
clean formation of 13b (72%) was observed for the hexyl-
protected anthracene 12b. From this a suitable C; substituent
could be built by nucleophilic substitution with an acetate
enolate. Reaction of 13b with tert-butyl acetate, deprotonated
with lithium diisopropylamide (LDA), furnished diester 14b with
64% vyield.”® Electrophilic aromatic substitutions (especially

HO
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RO RO
12 13
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5,12-13a: R = Me
5,12-15b: R = CgHys CeHis0 O
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Scheme 4. Synthesis and attempted cyclization of biscarboxylate 14. Con-
ditions: a) MeMgBr, MeLi, THF, —78°C, 1.5 h, then 5a, —78°C—rt, 16 h, 87 %;
b) R=Me, 11a: MeMgBr, toluene, 100°C, 16 h; R=C¢H,3, 11b: MeLi, MeMgBr,
THF, —78°C—rt, 18 h, 87%; c) R=Me, 12a: Et;SiH, BF;-OEt,, CH,Cl,, 0°C to rt,
1 h, 12% (2 steps); R=CgH,5, 12b: SnCl,, HOAC/THF (1:1), reflux, 5 h, 67 % (2
steps); d) NBS, AIBN, CCl,, reflux, 20 h; R=Me: no conversion; R=CgH,;, 13b:
72%; e) AcOtBu, LDA, THF, —78°C—rt, 17 h, 64 %; f) see text.
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their intramolecular variations) of tert-butyl carboxylates are
well established with a variety of acidic or otherwise activating
conditions. Nevertheless, neither a cyclization using Eaton’s
reagent (P,Os in MeSO;H),*¥ which gave good results in the
synthesis of the altertoxin | framework,”® nor in situ formation
of a mixed anhydride with trifluoroacetic anhydride (TFAA) and
trifluoroacetic acid (TFA)*' furnished tetracycle 15b.
Saponification® or acidic cleavage® of the ester and subse-
quent activation with TFAA/TFA® or with BF;-OEt,”” was
neither successful.

Ethynyl groups could similarly be introduced as Grignard
reagents (Scheme 5). We planned subsequent extensions to
propiolic acid or propiolates by reaction with carbon dioxide or
its respective derivatives. The triple bonds were expected to be
easily reduced to E or Z double bonds or even to single bonds
in the respective propionates. Reaction of methyl-protected
anthraflavic acid 5a with lithiated (trimethylsilyl)acetylene®™”
and subsequent reductive aromatization with tin(ll) chloride
furnished dialkynylanthracene 16, which was desilylated to 17
using a standard protocol (K,CO; MeOH).B" Unfortunately,
neither reaction of the lithiated terminal alkynes with carbon
dioxide (—18) nor with ethyl chlorocarbonate (—19)®? could
be achieved with this substrate. Since other approaches in-
between turned out to be more successful, we ceased our
efforts in this context. Nevertheless, dialkynes 16 and 17 could
be of significant interest for the synthesis of electronic devices
and of molecular rods.*

The allyl group was identified as a further suitable
substituent, which might be transferred into a propionate
moiety through hydroboration and subsequent oxidation of the
alcohol. To facilitate '"H NMR analysis, we at first tested allyl
additions with the methyl-protected anthraquinone 5a
(Scheme 6). Utilization of allyl magnesium bromide (purchased

5a TMS
a
N It
SOOI OO
MeO MeO =
16 17
It l
™S )é L
COH CO,Et
If Il
MeO = MeO =
18 19
If If
COH CO,Et

Scheme 5. Attempted synthesis of anthracene-derived acetylene carboxy-
lates. Conditions: a) TMS-acetylene, BuLi, THF, —78°C, 1.5 h, then 5a,
—78°C—rt, 16 h, then SnCl,, HOAC/THF (1:1), reflux, 5 h, 47 %; b) K,CO,,
MeOH/CH,Cl, (1:1), 20 h, 78%; c) BuLi, THF, —78°C, 1.5 h, then CO,, —78°C
to rt, 16 h; d) BuLi, THF, —78°C, 1.5 h, then CICO,Et, —78°C—rt, 16 h.
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Scheme 6. Alcohols 23 as precursors for Friedel-Crafts acylations. Conditions:
a) see Table 1; b) Et,SiH, BF;-OEt,, CH,Cl,, 0°C—rt, 1 h, quant,; c) see text.

as 1 M solution in Et,0) led to no allyl adduct at all when the
reaction was performed in diethyl ether,'® tetrahydrofurane,®
or toluene,” at temperatures ranging from 0 to 70°C, and with
reaction times prolonged to even 72 h (Table 1). Some con-
version was observed when the reaction was performed in
boiling toluene, but yield of diallyl adduct 21a did not exceed
12%. Similar observations were made when hexyl-protected
anthraflavic acid 5b was reacted with these conditions: Only a
poor 20% vyield of 21b was obtained when the reaction was
performed in toluene at 110°C and other conditions were even
less successful. It could be mentioned that even with over-
stoichiometric amounts of the Grignard reagent we always
observed diol 21 together with unreacted starting material 5,
mono adduct was not observed at all. This might be possibly
due to a kinetically hindered reaction of 5, while adduct 20
reacted significantly faster.

We thus used indium-mediated Barbier-type reactions,
which are known to be well suited for the allylation of carbonyl
groups.”® A published protocol for the mono-allylation of
anthraquinones with allyl bromide, indium, and sodium

Table 1. Allyl addition to anthraquinones 5.

Starting Conditions Product
material (yield [%])
5a allylIMgBr, Et,O, THF, or toluene, 0-70°C, 3-72 h (=)

5a allylMgBr, toluene, 110°C, 16 h 21a(11)
5a allylMgBr, toluene, 130°C, 65 h 21a(12)
5a allylBr, In, Nal (4.2 equiv.), DMF, rt, 16 h® 20a (70)
5a allylBr, In, Nal (2.1 equiv.), DMF, 100°C, 72 h*’ 21a(15)
5b allylIMgBr, Et,O, THF, or toluene, rt, 16 h (=)

5b allylMgBr, THF, 70°C, 6 h (=)

5b allylMgBr, toluene, rt, 16 h (=)

5b allylMgBr, toluene, 110°C, 16 h 21b (20)

[a] 2.1 equivalents, temperatures ranging from rt to 60°C, and reaction
times from 16 to 72 h gave lower yields of 21a in the range of 39-49%;
[b] only traces of 20a and 21a were observed after 16 h.
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iodide® similarly furnished mono-allylated product 20a in up
to 70% yield. Contrary to the addition of Grignard reagents, no
double allylation was observed even with 4.2 equivalents of the
indium reagent. Increasing the temperature from room temper-
ature to 100°C and prolonging the reaction time to 72% led to
the formation of diallyl adduct 21a, but only with a poor yield
of 15%.

We used the small amounts of 21a and b obtained to
investigate the further course of the proposed reaction scheme.
Reductive aromatization with the proven combination of
triethylsilane and boron trifluoride furnished 22a and b,
respectively, with quantitative yields. Unfortunately, a hydro-
boration (with subsequent oxidative work-up) to 23 could not
be achieved, neither with borane dimethyl sulfide complex
(BH;:SMe,)®”" nor with 9-borabicyclo[3.3.1]nonane (9-BBN),®®
although numerous variations of the conditions were tested.
Further efforts on this route were thus not made.

We finally decided to use Grignard reagents, which already
contain a (protected) carbonyl group, which can be used in the
due course. Reaction of methyl-protected anthraflavic acid 5a
with Grignard reagent 24 lead to a product mixture, where 'H
NMR-spectroscopic analysis suggested formation of adduct 25
(Scheme 7). We expected that Lewis acid-catalyzed reductive
aromatization would concomitantly lead to a cleavage of the
acetal groups and thus to a liberation of the aldehyde functions.
We thus chose reaction conditions, which had been reported to
be similarly applicable for the cleavage of acetals. Nevertheless,
neither utilization of tin(ll) chloride with hydrochloric®® or acetic
acid,“” nor of potassium™’ or sodium iodide™? together with
the respective dihydrogenphosphate salt and acetic acid led to
the formation of aldehyde species. Since we suspected a
reduction of the intermediately formed carbonyl groups, we
intended to enforce this transformation and again used

(\ /O not isolated

27 OMe 28 OMe

Scheme 7. Acetals and aldehydes as precursors for Friedel-Crafts-type
reactions. Conditions: a) 24, toluene, 100°C, 16 h; b) see text; c) Et,SiH,
BF;-OEt,, CH,Cl,, 0°C—rt, 1 h, 27: 22% (2 steps from 5a); d) Ref. [43] Li, NH,
(1), THF, —=33°C, 1 h.
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triethylsilane with boron trifluoride as reductive reagent
combination. We were delighted to see that neither diol 23 nor
any other similar intermediate had been formed; instead we
isolated pentacycle 27 in an acceptable yield (22% over two
steps from 5a). This product has obviously been formed by
double intramolecular Friedel-Crafts-type cyclization of an
intermediate like 23 or 26, where reductive dihydroxylation
happened at any stage of the sequence.

As reported previously by us,”? anthracene-derived penta-
cycle 27 can be transferred with Birch conditions to octahy-
droperylene 28, the framework of all perylenequinone-derived
toxins of the dihydroanthracene type. The herein achieved cis-
arrangement at positions 6b and 12b is that present in these
natural products.

Conclusions

We finally achieved the synthesis of the cis-configured octahy-
droperylene core present in altertoxin Ill and various further
perylenequinone-derived mycotoxins starting from anthraflavic
acid (4) in only four steps, where the last step has already been
published previously by us. We had to realize that quite a
number of promising alternative approaches turned out to be
not successful. On the other hand, the therein obtained
intermediates seem to be of significant synthetic value and
alkynyl derivatives like 16 and 17 might be additionally useful,
e.g., for the synthesis of electronic devices and of molecular
rods.

Experimental Section

4,10-Dimethoxy-1,2,3,7,8,9-hexahydroperylene (27): Adapting a
published protocol,* Mg (500 mg, 20.6 mmol) and a catalytic
amount of |, were heated under an argon atmosphere and stirred
overnight. Anhydrous THF (10 mL) was added and a fraction of a
solution of 2-(2-bromoethyl)-1,3-dioxane (0.6 mL of a total of
2.10 mL, 3.01 g, 15.4 mmol) in anhydrous THF (4 mL) was added.
The mixture was stirred at rt until the reaction started and the rest
of the bromide solution was added dropwise within 20 min.
Meanwhile, the reaction flask was occasionally lowered into a water
bath to avoid boiling of the reaction mixture. After completion of
the addition, the mixture was stirred for a further 2 h at rt. The thus
obtained Grignard reagent was added dropwise within 30 min
under an argon atmosphere to a solution of anthraquinone 5a
(408 mg, 1.52 mmol) in anhydrous toluene (120 mL). The mixture
was heated for 18 h to 90°C and cooled to rt. 1 M aqueous HCI
(75 mL) was added and the aqueous layer was extracted with EtOAc
(3x50 mL). The combined organic layers were washed with H,O
(2x50 mL) and brine (50 mL), dried (Na,SO,), and concentrated at
reduced pressure to yield crude intermediate 25, which was reacted
without further purification by adaption of a published protocol:*
Et,SiH (0.65 mL, 473 mg, 4.07 mmol) was added dropwise under an
argon atmosphere to a cooled (0°C) solution of the crude product
in anhydrous CH,Cl, (15 mL) and the mixture was stirred for 10 min
at this temperature. BF;-OEt, (0.52 mL, 588 mg, 4.14 mmol) was
added dropwise and the mixture was stirred for 1 h at rt. 1M
aqueous NaHCO; solution (20 mL) was added and the aqueous
layer was extracted with CH,Cl, (3x20 mL). The combined organic
layers were washed with H,0 (2x20 mL) and brine (20 mL), dried

Eur. J. Org. Chem. 2023, 202301053 (5 of 6)

(Na,SO,), concentrated at reduced pressure, and purified by column
chromatography (silica gel, cyclohexane/CH,Cl, 2:1) to yield 27 as a
yellow crystalline solid (106 mg, 0.333 mmol, 22%). R;=0.39
(cyclohexane/CH,Cl, 1:1); '"H NMR (400 MHz, CDCl,):  =2.16 (quint,
3)=6.4Hz, 4 H, 2-H,, 8-H,), 3.14 (t, *J=3.4 Hz, 4 H, 3-H,, 9-H, or 1-H,,
7-H,), 3.50 (t, 3)=6.1 Hz, 4 H, 1-H,, 7-H, or 3-H,, 9-H,), 3.98 (s, 6 H,
2x0CH;), 7.34 (d, >J=9.6 Hz, 2 H, 5-H, 11-H), 8.08 ppm (d, *J=
9.6 Hz, 2 H, 6-H, 12-H); *C NMR (100 MHz, CDCl;): § =22.6 (2xCH,),
23.8 (2xCH,), 27.1 (2xCH,), 57.1 (2xCH,), 114.9 (2xCH) 120.8 (2xC),
122.8 (2xCH), 125.6 (2xC), 127.3 (2xC), 128.8 (2xC), 150.7 ppm
(2xC); IR (ATR): ©=3257 (vw), 2928 (w), 2859 (w), 2829 (w), 1679
(vw), 1615 (m), 1426 (w), 1246 (m), 1108 (m), 1021 (m), 875 (w), 796
(m), 615cm™" (w); MS (FAB): m/z (%): 319 (36) [M+11*, 318 (100)
[MIF, 317 (31) [M—11%; HRMS (FAB): m/z caled for C,,H,,0,:
318.1614; found: 318.1612.

Supporting Information

The authors have cited additional references within the
Supporting Information (Ref. [45-48]).

Acknowledgements

We thank Dominik Pfaff for helpful advice and we gratefully
acknowledge financial support from the Deutsche Forschungs-
gemeinschaft (DFG, PO 463/16-1). Open Access funding enabled
and organized by Projekt DEAL.

Conflict of Interests

The authors declare no conflict of interest.

Data Availability Statement

The data that support the findings of this study are available in
the supplementary material of this article.

Keywords: perylenequinones - mycotoxins - total synthesis -
Grignard addition - anthracene derivatives

[1] a) U. Weiss, L. Merlini, G. Nasini, in Fortschritte der Chemie organischer
Naturstoffe / Progress in the Chemistry of Organic Natural Products, Vol.
52 (Eds.: W. Herz, H. Grisebach, G. W. Kirby, C. Tamm), Springer-Verlag,
Wien, 1987, pp. 1-71; b) G. Bringmann, C. Glnther, M. Ochse, O.
Schupp, S. Tasler, in Fortschritte der Chemie organischer Naturstoffe /
Progress in the Chemistry of Organic Natural Products, Vol. 82 (Eds.: W.
Herz, H. Falk, G. W. Kirby, R. E. Moore), Springer-Verlag, Wien, 2001, pp.
1-249; c¢) M. C. Kozlowski, B.J. Morgan, E.C. Linton, Chem. Soc. Rev.
2009, 38, 3193-3207.
a) S. Kuyama, T. Tamura, J. Am. Chem. Soc. 1957, 79, 5725-5726; b) S.
Kuyama, T. Tamura, J. Am. Chem. Soc. 1957, 79, 5726-5729; c)B.J.
Morgan, S. Dey, S. W. Johnson, M. C. Kozlowski, J. Am. Chem. Soc. 2009,
131, 9413-9425; d) B. J. Morgan, C. A. Mulrooney, M. C. Kozlowski, J. Org.
Chem. 2010, 75, 44-56.
[3] T.J. Batterham, U. Weiss, Proc. Chem. Soc. 1963, 8, 89-90.
[4] a) C. A. Broka, Tetrahedron Lett. 1991, 32, 859-862; b) F. M. Hauser,
Sengupta, S.A. Corlett, J. Org. Chem. 1994, 59, 1967-1969; c)
Coleman, E.B. Grant, J. Am. Chem. Soc. 1994, 116, 8795-8796; d)

[2

D.
R.S.
R.S.

© 2023 The Authors. European Journal of Organic Chemistry published by Wiley-VCH GmbH

B5UB17 SUOWILIOD BAIeR1D 3|deot|dde 8Uy AG paueA0h 88 Sa|olie O ‘88N JO S3|nJ 04 A%iq 1 UIIUO AB]IM UO (SUOIPUOD-PUR-SLLBIWOD A8 | 1M AReid) 1 ou1{UO//SdRY) SUO RIPUOD pue SWR L 843 835 *[7202/T0A-0] Uo ARiqiTauliuo A8|IMm “d Iinsu| Jeunss|iex Aq 50T0£20g 20/200T 0T/10p/Luiod A3 | im Al jeutjuoadoine-Ans weyo//sduy woly papeojumod]‘o ‘0690660T


https://doi.org/10.1039/b821092f
https://doi.org/10.1039/b821092f
https://doi.org/10.1021/ja01578a038
https://doi.org/10.1021/ja01578a039
https://doi.org/10.1021/ja902324j
https://doi.org/10.1021/ja902324j
https://doi.org/10.1021/jo9013854
https://doi.org/10.1021/jo9013854
https://doi.org/10.1016/S0040-4039(00)92105-1
https://doi.org/10.1021/jo00087a006
https://doi.org/10.1021/ja00098a043

Chemistry
Europe

European Chemical
Societies Publishing

Research Article

EurjOC
ur] doi.org/10.1002/ejoc.202301053

European Journal of Organic Chemistry

Coleman, E. B. Grant, J. Am. Chem. Soc. 1995, 117, 10889-10904; e) C. A.
Merlic, C. C. Aldrich, J. Albaneze-Walker, A. Saghatelian, J. Am. Chem.
Soc. 2000, 7122, 3224-3225; f) C. A. Merlic, C. C. Aldrich, J. Albaneze-
Walker, A. Saghatelian, J. Mammen, J. Org. Chem. 2001, 66, 1297-1309;
g) E. M. O’Brien, B. J. Morgan, M. C. Kozlowski, Angew. Chem. 2008, 120,
6983-6986; Angew. Chem. Int. Ed. 2008, 47, 6877-6880; h) E. M. O’Brien,
B. J. Morgan, C. A. Mulrooney, P. J. Carroll, M. C. Kozlowski, J. Org. Chem.
2010, 75, 57-68; i) B.J. Morgan, C. A. Mulrooney, E. M. O'Brien, M. C.
Kozlowski, J. Org. Chem. 2010, 75, 30-43.

K. Steingréver, PhD thesis, Universitat-Gesamthochschule Paderborn
(Germany), 2001.

J. Podlech, S.C. Fleck, M. Metzler, J. Burck, A.S. Ulrich, Chem. Eur. J.
2014, 20, 11463-11470.

R. Geris, M. A. Pinho, E.F. Boffo, T.J. Simpson, J. Nat. Prod. 2022, 85,
2236-2250.

Y. Suto, M. Sato, K. Fujimori, S. Kitabatake, M. Okayama, D. Ichikawa, M.
Matsushita, N. Yamagiwa, G. Iwasaki, F. Kiuchi, Y. Hattori, Bioorg. Med.
Chem. Lett. 2017, 27, 4558-4563.

J. M. Bruce, F. Heatley, R. G. Ryles, J. H. Scrivens, J. Chem. Soc. Perkin
Trans. 2 1980, 8, 860-866.

W. Cui, X. Zhang, X. Jiang, H. Tian, D. Yan, Y. Geng, X. Jing, F. Wang, Org.
Lett. 2006, 8, 785-788.

P.K. Lo, K. F. Li, M. S. Wong, K. W. Cheah, J. Org. Chem. 2007, 72, 6672—
6679.

D. A. Rooke, E. M. Ferreira, Angew. Chem. 2012, 124, 3279-3284; Angew.
Chem. Int. Ed. 2012, 51, 3225-3230.

a) F.J. M. Hoeben, P. Jonkheijm, E.W. Meijer, A.P.H.J. Schenning,
Chem. Rev. 2005, 105, 1491-1546; b) P. F. H. Schwab, J. R. Smith, J. Michl,
Chem. Rev. 2005, 105, 1197-1279.

M. S. Taylor, T. M. Swager, Org. Lett. 2007, 9, 3695-3697.

[34]
M. Gutsche, D. Pfaff, J. Podlech, Eur. J. Org. Chem. 2023, ejoc.202301052. [35] J. Podlech, T. C. Maier, Synthesis 2003, 6, 633-655.
M. Bagheri, N. Azizi, M. R. Saidi, Can. J. Chem. 2005, 83, 146-149. [36] D. Pan, S.K. Mal, G. K. Kar, J. K. Ray, Tetrahedron 2002, 58, 2847-2852.
H. Lebel, M. Davi, G. T. Stoktosa, J. Org. Chem. 2008, 73, 6828-6830. [37] G.S. Ghotekar, M. Mujahid, M. Muthukrishnan, Synthesis 2019, 51, 4291~

B.-b. Zeng, S. B. King, Synthesis 2002, 2, 2335-2337.

0. Geiseler, M. Miller, J. Podlech, Tetrahedron 2013, 69, 3683-3689.

A. Farran, J. Mohanraj, G.J. Clarkson, R. M. Claramunt, F. Herranz, G.
Accorsi, Photochem. Photobiol. Sci. 2013, 12, 813-822.

a) W. Cabri, I. Candiani, A. Bedeschi, R. Santi, J. Org. Chem. 1990, 55,
3654-3655; b) W. Cabri, I. Candiani, Acc. Chem. Res. 1995, 28, 2-7; ¢) K.
Ritter, Synthesis 1993, 735-762.

4295.

R. Devi, J. Das, B. Sarma, S. K. Das, Org. Biomol. Chem. 2018, 16, 5846—
5858.

K. A. Williams, C. W. Bielawski, Chem. Commun. 2010, 46, 5166-5168.

Y. Xu, S. Gsanger, M. B. Minameyer, . Imaz, D. Maspoch, O. Shyshov, F.
Schwer, X. Ribas, T. Drewello, B. Meyer, M. von Delius, J. Am. Chem. Soc.
2019, 141, 18500-18507.

M. Bauch, A. Krtitschka, T. Linker, J. Phys. Org. Chem. 2017, 30, e3734. [41] J. Zhang, N. R. Myllenbeck, T. L. Andrew, Org. Lett. 2017, 19, 210-213.
M. Yamaguchi, M. Arisawa, K. Omata, K. Kabuto, M. Hirama, T. Uchimaru, [42] M. Smet, J. Van Dijk, W. Dehaen, Tetrahedron 1999, 55, 7859-7874.
J. Org. Chem. 1998, 63, 7298-7305. [43] D. Pfaff, S. Bestgen, J. Podlech, Eur. J. Org. Chem. 2017, 5666-5670.
K. Michigami, K. Yoshimoto, M. Hayashi, Chem. Lett. 2012, 41, 138-139. [44] C-L. Chen, R.B. Clark, Y. Deng, L. Plamondon, C. Sun, X.-Y. Xiao,
a) N.-u.-d. Ahmad, C. Cloke, I. K. Hatton, N.J. Lewis, J. MacMillan, J. (Tetraphase Pharmaceuticals), WO 2012/021712A1, 2012.
Chem. Soc. Perkin Trans. 1 1985, 1, 1849-1858; b) D. Bailey, V. E. Williams, [45] W. C. Still, M. Kahn, A. Mitra, J. Org. Chem. 1978, 43, 2923-2925.
Chem. Commun. 2005, 2, 2569-2571. [46] H.S. Quah, L.T. Ng, B. Donnadieu, G.K. Tan, J. J. Vittal, Inorg. Chem.
M. Hatano, T. Matsumura, K. Ishihara, Org. Lett. 2005, 7, 573-576. 2016, 55, 10851-10854.
G. C. Vougioukalakis, M. Orfanopoulos, Tetrahedron Lett. 2003, 44, 8649— [47] P. K. Bhowmik, A. K. Nedeltchev, H. Han, Mol. Cryst. Lig. Cryst. 2009, 501,
8652. 125-137.
[21] K. Lee, J.-H. Park, M.-J. Park, J. Lee, H.-K. Shim, J. Nanosci. Nanotechnol. [48] E. Cranor, L. Jacob, (Cyalume Technologies), US 8257620B2, 2010.

2011, 11, 4648-4657.

S. Hauptmann, Chem. Ber. 1960, 93, 2604-2612.

[23] T. von Hirschheydt, V. Wolfart, R. Gleiter, H. Irngartinger, T. Oeser, F.
Rominger, F. Eisentréger, J. Chem. Soc.-Perkin Trans. 2000, 2, 175-183.

[24] P.E. Eaton, G.R. Carlson, J.T. Lee, J. Org. Chem. 1973, 38, 4071-4073.

[25] T.P. Smyth, B. W. Corby, J. Org. Chem. 1998, 63, 8946-8951. Manuscript received: October 13, 2023

[26] E. Filali, G. C. Lloyd-Jones, D. A. Sale, Synlett 2009, 2, 205-208. Revised manuscript received: November 20, 2023
]

Eur. J. Org. Chem. 2023, 202301053 (6 of 6)

J. Zhang, P. Chen, P. Zhu, P. Zheng, T. Wang, L. Wang, C. Xu, J. Zhou, H.
Zhang, Bioorg. Chem. 2020, 99, 103817.

Accepted manuscript online: November 20, 2023
Version of record online: mm, mm

© 2023 The Authors. European Journal of Organic Chemistry published by Wiley-VCH GmbH

B5UB17 SUOWILIOD BAIeR1D 3|deot|dde 8Uy AG paueA0h 88 Sa|olie O ‘88N JO S3|nJ 04 A%iq 1 UIIUO AB]IM UO (SUOIPUOD-PUR-SLLBIWOD A8 | 1M AReid) 1 ou1{UO//SdRY) SUO RIPUOD pue SWR L 843 835 *[7202/T0A-0] Uo ARiqiTauliuo A8|IMm “d Iinsu| Jeunss|iex Aq 50T0£20g 20/200T 0T/10p/Luiod A3 | im Al jeutjuoadoine-Ans weyo//sduy woly papeojumod]‘o ‘0690660T


https://doi.org/10.1021/ja00149a012
https://doi.org/10.1021/ja994313+
https://doi.org/10.1021/ja994313+
https://doi.org/10.1021/jo0014663
https://doi.org/10.1021/jo901384h
https://doi.org/10.1002/chem.201402567
https://doi.org/10.1002/chem.201402567
https://doi.org/10.1021/acs.jnatprod.2c00368
https://doi.org/10.1021/acs.jnatprod.2c00368
https://doi.org/10.1139/v05-001
https://doi.org/10.1021/jo800777w
https://doi.org/10.1016/j.tet.2013.03.013
https://doi.org/10.1039/c3pp25321j
https://doi.org/10.1021/jo00298a050
https://doi.org/10.1021/jo00298a050
https://doi.org/10.1021/ar00049a001
https://doi.org/10.1055/s-1993-25931
https://doi.org/10.1021/jo980785f
https://doi.org/10.1246/cl.2012.138
https://doi.org/10.1021/ol047685i
https://doi.org/10.1016/j.tetlet.2003.09.158
https://doi.org/10.1016/j.tetlet.2003.09.158
https://doi.org/10.1002/cber.19600931127
https://doi.org/10.1021/jo00987a028
https://doi.org/10.1021/jo981264v
https://doi.org/10.1016/j.bioorg.2020.103817
https://doi.org/10.1016/j.bmcl.2017.08.054
https://doi.org/10.1016/j.bmcl.2017.08.054
https://doi.org/10.1021/ol0530777
https://doi.org/10.1021/ol0530777
https://doi.org/10.1021/jo070607z
https://doi.org/10.1021/jo070607z
https://doi.org/10.1002/ange.201108714
https://doi.org/10.1002/anie.201108714
https://doi.org/10.1002/anie.201108714
https://doi.org/10.1021/cr030070z
https://doi.org/10.1021/cr040707u
https://doi.org/10.1021/ol701642j
https://doi.org/10.1016/S0040-4020(02)00133-3
https://doi.org/10.1039/C8OB01143E
https://doi.org/10.1039/C8OB01143E
https://doi.org/10.1039/c0cc01070g
https://doi.org/10.1021/jacs.9b08584
https://doi.org/10.1021/jacs.9b08584
https://doi.org/10.1021/acs.orglett.6b03492
https://doi.org/10.1016/S0040-4020(99)00406-8
https://doi.org/10.1002/ejoc.201701218
https://doi.org/10.1021/jo00408a041
https://doi.org/10.1021/acs.inorgchem.6b02222
https://doi.org/10.1021/acs.inorgchem.6b02222
https://doi.org/10.1080/15421400802697707
https://doi.org/10.1080/15421400802697707

RESEARCH ARTICLE

The cis-configured octahydroperylene
core, present in perylenequinone-
derived mycotoxins like altertoxin Il
was synthesized from anthraflavic
acid in four steps.
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