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Wacker Oxidation

The synthesis of 9-O-Methylpaepalantine and
Dehydroxanthomegnin: Related Isocoumarin-Containing Natural
Products
Jimmy E. Y. Sumani,[a] Kennedy J. Ngwira,[a] Andreas Lemmerer,[a] and
Charles B. de Koning*[a]

Abstract: The first synthesis of two related isocoumarin-
containing natural products, 9-O-methylpaepalantine and de-
hydroxanthomegnin is described. Commencing with 2,4-di-
methoxybenzaldehyde and utilizing the Stobbe reaction as a
key step resulted in the formation of the required naphthalene
containing compound, ethyl 4-acetoxy-3-allyl-6,8-dimethoxy-
naphthalene-2-carboxylate. O-Allylation of 4-hydroxy-6,8-di-
methoxynaphthalene-2-carboxylate followed by a Claisen re-
arrangement afforded the naphthol, ethyl 3-allyl-4-hydroxy-6,8-
dimethoxynaphthalene-2-carboxylate. Introduction of a meth-
oxy substituent onto the 1-position of the naphthalene nucleus
utilizing a PIFA-mediated method afforded, after O-methylation,

Introduction
Anhydrofusarubin lactone 1 and the related quinone containing
naphthopyranone 5-methoxy-3,4-dehydrosemixanthomegnin 2
(also referred to as 5-methoxy-3,4-dehydroxanthomegnin or de-
hydroxanthomegnin) belong to a growing class of quinone con-
taining compounds (Figure 1).[1] Anhydrofusarubin lactone 1[2]

is found in several fungi such as Nectria haematococca and Fu-
sarium solani, while 5-methoxy-3,4-dehydrosemixanthomegnin
2[3] has been isolated from Paepalanthus latipes Silveira, Erio-
caulaceae, often found in Brazil. A related compound, paepalan-
tine 3 and its dimer 4 have been isolated from a related Erio-
caulaceae species Paepalanthus bromelioides,[4] as well as Pae-
palanthus vellozioides.[5]

This class of isocoumarin-containing compounds shows a
wide range of biological activities. For example, 5-methoxy-3,4-
dehydrosemixanthomegnin 2 shows cytotoxicity against
murine mammary tumor cells (LM2, CI50 74.6 μM) and lung
adenocarcinoma cells (LPO7, CI50 6.2 μM)[6] while paepalantine
3 shows antimicrobial activity against bacteria including Bacillus
cereus (MIC 7.5 μg mL–1), Staphylococcus aureus (MIC 7.5 μg
mL–1) and Staphylococcus epidermidis (MIC 15 mg mL–1).[7] In
addition, both of these isocoumarins show promising activity
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ethyl 3-allyl-1,4,6,8-tetramethoxynaphthalene-2-carboxylate.
Reduction of the ester was followed by oxidation to the aro-
matic acid, utilizing firstly a PCC oxidation and then a Pinnick
oxidation to afford 3-allyl-1,4,6,8-tetramethoxynaphthalene-2-
carboxylicacid.Wackeroxidationofthearomaticacidresultedinthe
formation of 5,7,9,10-tetramethoxy-3-methyl-1H-benzo[g]iso-
chromen-1-one, which was then converted into 9-O-methyl-
paepalantine by treatment with boron trichloride. Utilizing simi-
lar synthetic methodology dehydroxanthomegnin was synthe-
sized in thirteen steps commencing from 2,4,5-trimethoxy-
benzaldehyde in an overall yield of 1.3 %.

Figure 1. Naturally occurring isocoumarins.

against the Helicobacter pylori bacterium, which is one of the
main causes of chronic gastritis, peptic ulcers and possibly
gastric cancer.[8,9] As a result of our interest in the synthesis of
isochromanes[10] we envisaged that the synthesis of the iso-
coumarins, 5-methoxy-3,4-dehydrosemixanthomegnin 2 and
paepalantine 3 could be accomplished in our laboratories.

In this paper we describe the first synthesis of 5-methoxy-
3,4-dehydrosemixanthomegnin 2 and 9-O-methylpaepalantine
5, a methoxy derivative of paepalantine 3. A key step in the
synthesis of both of these isocoumarins is a Wacker-mediated
ring closure of the aromatic carboxylic acids 6 and 7 bearing an
allyl substituent to afford the isocoumarins 8 and 9 respectively
(Figure 2).
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Figure 2. Wacker-mediated oxidations for the synthesis of isocoumarins 8 and
9.

Results and Discussion
As a starting point for the synthesis of 9-O-methylpaepalantine
5, the preparation of the naphthalene containing acid 6 was
needed. As described in the literature[10a] commencing with
2,4-dimethoxybenzaldehyde, treatment with diethyl succinate
and potassium tert-butoxide in the Stobbe condensation reac-
tion, followed by an aromatic ring forming procedure afforded
naphthalene 10. As previously described, selective removal of
the acetate of 10, followed by O-allylation and a Claisen rear-
rangement afforded the naphthol 11 as shown in Scheme 1.
Following protocols developed in our laboratories[10c] the extra
aromatic methoxy substituent was introduced onto the naphth-
alene nucleus by treatment of 11 with phenyliodine(III) bis(tri-
fluoroacetate (PIFA) in methanol to afford the intermediate 12.
In contrast to our previous work re-aromatization was best ac-
complished by treatment of 12 with potassium tert-butoxide in
ethanol to afford 13 in a 60 % yield. Protection of the naphthol
13 as the methyl ether afforded 14. The stage was now set to
convert the ester of 14 into the corresponding aromatic acid
6. Although a stubbornly slow reaction, treatment of 14 with
potassium hydroxide in an aqueous alcohol solution at reflux
was the best method for achieving this conversion (55 % yield).
Unfortunately, at the same time isomerization of the allyl sub-
stituent occurred resulting in the styrene 15 (Scheme 1).

Scheme 1. Reagents and conditions: (i) (a) 1 % KOH, EtOH/H2O, r.t., 3 h; (b)
32 % aq. HCl, 88 %; (c) K2CO3, allyl bromide, Me2CO, reflux, 24 h, 87 %; (d)
heat, 180 °C, N2(g) atm, 24 h, 69 %; (ii) PIFA, MeOH, r.t., 15 min; (iii) tBuOK,
EtOH, r.t., 20 min, 60 %; (iv) K2CO3, Me2SO4, Me2CO, reflux, 24 h, 89 %; (v) (a)
NaOH/KOH, MeOH/H2O, reflux, 84 h; (b) 32 % aq. HCl, 55 %.
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We were now in a position to test one of the key steps of
the synthesis, the Wacker mediated ring closure. Exposure of
naphthalene 15 to catalytic palladium in the presence of a cop-
per(II) source afforded the desired isocoumarin 8 in 47 % yield
(Scheme 2). Disappointingly, a second product produced in a
significant yield was the five membered analogue 16 (21 %).
The structure of both compounds 8 and 16 was determined by
X-ray crystallography (Figure 3).[11] All other hydrolysis methods
for the conversion of 14 into the desired allyl-containing com-
pound 6 were unsuccessful.[12] Hence alternative methodology
had to be sought.

Scheme 2. Reagents and conditions: (i) cat. PdCl2, CuCl2·2H2O, DMF/H2O, O2(g)
atm, r.t., 24 h, 8 47 %, 16 21 %.

Figure 3. ORTEP diagrams of compounds 16 and 8 (displacement ellipsoids
at 50 % probability).

Reduction of the ester group of 14 with lithium aluminium
hydride afforded the primary alcohol 17. Oxidation of 17 to the
intermediate aldehyde was followed by a Pinnick oxidation to
afford the desired aromatic acid 6 containing the required allyl
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substituent (Scheme 3). Subjecting 6 to Wacker oxidation con-
ditions gratifyingly only yielded the desired isocoumarin 8 in
good yield. Treatment of 8 with boron trichloride afforded 9-O-

Scheme 3. Reagents and conditions: (i) LiAlH4, THF, 0 °C, 4 h; (ii) (a) PCC, silica,
CH2Cl2, N2(g) atm, 4 h; (b) NaH2PO4, NaClO2, H2O, tBuOH, 2-methyl-2-butene,
6 h, 60 % over three steps (including the reduction step); (iii) (a) cat. PdCl2,
CuCl2·2H2O, DMF/H2O, O2(g) atm, r.t., 24 h, 70 %; (iv) BCl3, CH2Cl2, N2(g) atm,
–78 °C → r.t., 65 %.

Scheme 4. Reagents and conditions: (i) PIFA, MeOH, r.t., 15 min; (ii) NaOEt,
EtOH, r.t., 20 min 10 % 20, 52 % 21; or (iii) tBuOK, EtOH, r.t., 20 min., 60 %
(over two steps from 18); (iv) K2CO3, Me2SO4, Me2CO, reflux, 24 h, 83 %; (v)
(a) LiAlH4, THF, 0 °C, 4 h; (b) PCC, silica gel, 4 h, N2(g) atm; (c) NaH2PO4,
NaClO2, H2O, tBuOH, 2-methyl-2-butene, 6 h, 66 % (over 3 steps); (vi) cat.
PdCl2, CuCl2·2H2O, DMF/H2O, O2(g) atm, r.t., 24 h, 72 %; (vii) AgO, 55 % aq.
HNO3, 1,4-dioxane, r.t., 75 %; (viii) 2 mol. equiv. BCl3, CH2Cl2, N2(g) atm, –78 °C
→ r.t., 20 %.
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methylpaepalantine 5 in a reasonable yield. However, none of
the methods[13] we attempted resulted in the cleavage of the
final O-methyl substituent to furnish paepalantine.

As the synthesis of 9-O-methylpaepalantine 5 had been suc-
cessful we wished to apply the same methodology to the syn-
thesis of 5-methoxy-3,4-dehydrosemixanthomegnin 2. Using
the same synthetic methodology naphthol 18 could easily be
prepared in 34 % yield over five steps from 2,4,5-trimethoxy-
benzaldehyde.[14] Treatment of 18 with PIFA in methanol fol-
lowed by sodium ethoxide in ethanol resulted in the formation
of the desired product 21 (via 19 as shown in Scheme 4). How-
ever, a small amount of a product identified as 20, (Figure 4a)[15]

where methanol had added ortho to the naphthol substituent
of 18 was also isolated. The best way to accomplish this trans-
formation (18 → 21) was by subjecting 18 to PIFA in methanol
and then potassium tert-butoxide in ethanol which afforded 21
in a 60 % yield. The naphthol of 21 was easily converted into
naphthalene ether 22 (Figure 4b).[16] Again, conversion of the
ester of 22 into the acid 7 was accomplished by reduction,
followed by oxidation with PCC and further Pinnick oxidation
to furnish 7. Wacker oxidation of 7 resulted in the formation
of the desired isocoumarin 9 (Figure 4c) in a yield of 72 %.[17]

Oxidation of 9 with silver(II) oxide resulted in the formation of
the quinone 23. Finally, treatment of 23 with boron trichloride
at low temperature gave the final product, 5-methoxy-3,4-de-

Figure 4. a-c: ORTEP diagrams of compounds 20, 22 and 9 (displacement
ellipsoids at 50 % probability).
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hydrosemixanthomegnin 2 in a poor yield of 20 %. We suspect
this was as a result of our purification method by using silica
gel chromatography.

Conclusion

In summary, the synthesis of two related isocoumarin contain-
ing natural products has been accomplished. 9-O-methyl-
paepalantine 5 was synthesized in twelve steps from 2,4-di-
methoxybenzaldehyde in an overall yield of 6.2 %. Commenc-
ing with 2,4,5-trimethoxybenzaldehyde the synthesis of 5-meth-
oxy-3,4-dehydrosemixanthomegnin 2 was accomplished in thir-
teen steps in an overall yield of 1.3 %. In each of these synthe-
ses, one of the key steps was a Wacker-mediated oxidation to
convert the aromatic carboxylic acids 6 and 7, bearing an ortho-
allyl substituent, to afford in good yields the isocoumarins 8
and 9 respectively.

Experimental Section
Solvents utilized for chromatographic techniques (ethyl acetate and
n-hexane) were distilled prior to use by means of conventional dis-
tillation processes. The solvents employed in reactions were first
dried with the suitable drying agent, followed by distillation under
an inert atmosphere (argon or nitrogen gas). Acetonitrile and di-
chloromethane were distilled from calcium hydride, whereas tetra-
hydrofuran was distilled from sodium with benzophenone as an
indicator. Toluene was distilled from sodium. All the required chemi-
cals or reagents were obtained from FLUKA, SIGMA ALDRICH or
MERCK and were used without further purification.

Normal chromatography was performed with silica gel 60 (Ma-
cherey-Nagel, particle size 0.063–0.200 mm) adsorbent, with both
isocratic and gradient eluent systems being employed. Thin layer
chromatography (TLC) of the compounds was executed on Ma-
cherey-Nagel Alugram Silica G/UV254 plates pre-coated with
0.25 mm silica gel 60. The TLC plates were viewed under UV light
(254 nm and 366 nm).

Nuclear magnetic resonance (NMR) spectra were recorded on either
a Bruker AVANCE 300 MHz or a Bruker AVANCE III 500 MHz spec-
trometer. All chemical shift values are reported in parts per million
referenced against tetramethylsilane which is given an assignment
of zero parts per million. Coupling constants (J-values) are given in
Hertz (Hz).

X-ray Crystallography: All five data sets were collected using
ω-scans on a Bruker D8 Venture diffractometer with a PHOTON de-
tector.

The infrared spectra were recorded on a Bruker Tensor 27 standard
system spectrometer. Measurements were made by loading the
sample directly onto a diamond cell. The measurements are re-
ported on the wavenumber scale (cm–1).

Melting points were determined on a Reichert hot-stage micro-
scope and remain uncorrected. All crystalline compounds were re-
crystallized from the appropriate solvents prior to melting point
determination. Microwave reactions were conducted in a CEM Dis-
cover microwave.

High-resolution mass spectra were obtained with a Waters-LCT-Pre-
mier mass spectrometer. The sample was dissolved in methanol to
a concentration of 2 ng/μL and introduced by direct infusion. The
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ionization mode was electrospray positive with a capillary voltage
of 2500 V and a desolvation temperature of 250 °C using nitrogen
gas at 250 L/hr.

Ethyl 3-allyl-4-hydroxy-6,8-dimethoxynaphthalene-2-carboxylate
11[10a]

Ethyl 4-(allyloxy)-6,8-dimethoxynaphthalene-2-carboxylate [10a]

(4.00 g, 12.6 mmol) was loaded neat in a 100 mL round-bottomed
flask equipped with a reflux condenser and a magnetic stirring bar.
The flask was then heated to 180 °C in a silicone oil bath for 24 h
under a N2(g) atmosphere. After 24 h, the dark viscous residue was
cooled to r.t., dissolved in acetone and adsorbed on silica gel. Purifi-
cation of the crude product on silica gel column chromatography
(20 % EtOAc/hexane) yielded ethyl 3-allyl-4-hydroxy-6,8-dimethoxy-
naphthalene-2-carboxylate 11 as a yellow amorphous solid (2.75 g,
69 %). Rf = 0.41 (20 % EtOAc/hexane); 1H NMR (500 MHz, CDCl3,
Me4Si) δH 8.37 (1H, s, H-1), 7.04 (1H, s, H-5), 6.50 (1H, s, H-7), 6.25–
6.04 (1H, m, ArCH2CH=CH2), 5.65 (1H, s, ArOH), 5.23 (1H, dd, J = 3.8,
1.6, one of ArCH2CH=CH2), 5.18 (1H, dd, J = 3.5, 1.6, one of
ArCH2CH=CH2), 4.38 (2H, q, J = 7.1, ArCO2CH2CH3), 3.97 (3H, s,
ArOCH3), 3.94 (3H, s, ArOCH3), 3.92 (2H, d, J = 6.0, ArCH2CH=CH2),
1.42 (3H, t, J = 7.1, ArCOOCH2CH3); 13C NMR (126 MHz, CDCl3, Me4Si)
δC 168.3 (ArCO2CH2CH3), 160.1 (C-6), 157.2 (C-8), 149.7 (C-4), 136.4
(ArCH2CH=CH2), 128.4 (C-4a), 125.6 (C-2), 120.3 (C-8a), 118.8 (C-3),
118.5 (ArCH2CH=CH2), 116.2 (C-1), 98.8 (C-7), 92.3 (C-5), 60.8 (Ar-
CO2CH2CH3), 55.6 (ArOCH3), 55.4 (ArOCH3), 31.8 (ArCH2CH=CH2),
14.4 (ArCO2CH2CH3).

Ethyl 3-allyl-4-hydroxy-1,6,8-trimethoxynaphthalene-2-carboxylate
13[18]

To a solution of ethyl 3-allyl-4-hydroxy-6,8-dimethoxynaphthalene-
2-carboxylate 11 (3.50 g, 11.1 mmol) in absolute MeOH (80 mL),
was added solid phenyliodine(III) bis(trifluoroacetate (PIFA) (5.12 g,
11.9 mmol) and the reaction mixture was stirred for 15 min at r.t.
After the 15 min had elapsed, saturated aqueous NaHCO3 was
added to the reaction mixture portion-wise until effervescence
stopped and MeOH was removed in vacuo. The aqueous layer was
then extracted with EtOAc (3 × 100 mL) and the combined organic
layer was dried with anhydrous MgSO4, filtered through a celite
pad and concentrated under reduced pressure. The residue was
dissolved in EtOH in a clean 250 mL round-bottomed flask to which
tBuOK (3.32 g, 29.6 mmol) was added and the resultant reaction
mixture was vigorously stirred for 20 min at r.t. The reaction was
quenched with saturated aqueous NH4Cl (50 mL) and the resultant
mixture was concentrated under reduced pressure. The aqueous
medium was extracted with EtOAc (3 × 100 mL). The combined
organic layers were dried with anhydrous MgSO4, filtered through
a celite pad and the solvents evaporated in vacuo. Purification of
the residue by column chromatography (20 % EtOAc/hexane) on
silica gel afforded ethyl 3-allyl-4-hydroxy-1,6,8-trimethoxynaphth-
alene-2-carboxylate 13 as a pale-orange semi-solid (2.31 g, 60 %).
Rf = 0.37 (20 % EtOAc/hexane); 1H NMR (300 MHz, CDCl3, Me4Si) δH

7.08 (1H, s, H-5), 6.53 (1H, s, H-7), 6.19–5.89 (1H, m, ArCH2CH=CH2),
5.56 (1H, s, ArOH), 5.25 (2H, d, J = 16.9, ArCH2CH=CH2), 4.40 (2H, q,
J = 7.1, ArCO2CH2CH3), 3.87 (9H, two br d, 3 overlapping ArOCH3),
3.43 (2H, br s, ArCH2CH=CH2), 1.38 (3H, t, J = 7.1, ArCO2CH2CH3);
13C NMR (75 MHz, CDCl3, Me4Si) δC 168.5 (ArCO2CH2CH3), 158.8 (C-
6), 157.5 (C-8), 147.5 (C-1), 145.5 (C-4), 135.4 (ArCH2CH=CH2), 129.4
(C-4a), 124.7 (C-3), 117.2 (ArCH2CH=CH2), 116.3 (C-8a), 115.2 (C-2),
99.5 (C-7), 92.8 (C-5), 61.3 (ArCO2CH2CH3), 58.4 (ArOCH3), 56.0
(ArOCH3), 55.3 (ArOCH3), 32.9 (ArCH2CH=CH2), 14.3 (ArCO2CH2CH3).

Ethyl 3-allyl-1,4,6,8-tetramethoxynaphthalene-2-carboxylate 14

A mixture of ethyl 3-allyl-4-hydroxy-1,6,8-trimethoxynaphthalene-2-
carboxylate 13 (2.30 g, 6.64 mmol), anhydrous K2CO3 (1.17 g,
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8.50 mmol) and Me2SO4 (0.804 mL, 8.50 mmol) in acetone (100 mL)
was heated under reflux for 24 h under a N2(g) atmosphere. The
reaction mixture was then cooled to r.t., filtered through a celite
pad and the solvent removed in vacuo. The resultant residue was
dissolved in EtOAc (100 mL) and successively washed with 25 %
(v/v) aqueous NH3 (2 × 50 mL). The EtOAc layer was then acidified
to pH 4 with 32 % (v/v) aqueous HCl and the acidic solution was
washed with deionised H2O until the aqueous layer was neutral.
The organic layer was dried with anhydrous MgSO4, filtered through
a bed of celite and concentrated in vacuo. Purification of the residue
by silica gel column chromatography (10 % EtOAc/hexane) yielded
ethyl 3-allyl-1,4,6,8-tetramethoxynaphthalene-2-carboxylate 14 as a
light-yellow solid (2.13 g, 89 %). Rf = 0.41 (20 % EtOAc/hexane); Mp
78–80 °C; 1H NMR (300 MHz, CDCl3, Me4Si) δH 6.98 (1H, d, J = 2.2,
H-5), 6.53 (1H, d, J = 2.2, H-7), 5.98 (1H, ddt, J = 16.4, 10.1, 6.2,
ArCH2CH=CH2), 5.07 (2H, dd, J = 3.7, 1.7, ArCH2CH=CH2), 4.39 (2H,
q, J = 7.1, ArCO2CH2CH3), 3.94 (3H, s, ArOCH3), 3.90 (3H, s, ArOCH3),
3.85 (6H, br s, two overlapping ArOCH3), 3.57 (2H, d, J = 6.2,
ArCH2CH=CH2), 1.38 (3H, t, J = 7.1, ArCO2CH2CH3); 13C NMR (75 MHz,
CDCl3, Me4Si) δC 168.0 (ArCO2CH2CH3), 159.3 (C-6), 157.9 (C-8), 150.4
(C-1 or C-4), 149.3 (C-1 or C-4), 136.3 (ArCH2CH=CH2), 132.7 (C-4a),
126.6 (C-3), 125.1 (C-8a), 115.9 (ArCH2CH=CH2), 115.3 (C-2), 99.2 (C-
7), 93.2 (C-5), 63.8 (ArCO2CH2CH3), 61.6 (ArOCH3), 61.1 (ArOCH3),
56.1 (ArOCH3), 55.3 (ArOCH3), 31.8 (ArCH2CH=CH2), 14.3 (Ar-
CO2CH2CH3); HRMS (m/z), calculated for [M + H]+ C20H25O6 361.1646
found [M + H]+ 361.1649.

1,4,6,8-Tetramethoxy-3-((E)-prop-1-enyl)naphthalene-2-carboxylic
acid 15

To a solution of ethyl 3-allyl-1,4,6,8-tetramethoxynaphthalene-2-
carboxylate 14 (2.10 g, 5.83 mmol) in MeOH (100 mL) was added
an aqueous solution of NaOH (0.933 g, 23.32 mmol) in H2O (50 mL)
and the resultant reaction mixture was heated under reflux for 36 h.
To this reaction mixture, an aqueous solution of KOH (1.59 g,
28.3 mmol) in H2O (50 mL) was added portion-wise and the result-
ant mixture was again heated under reflux for 48 h (monitored
by TLC). The mixture was then cooled to r.t. and the solvent was
concentrated under reduced pressure. The remaining aqueous me-
dium was carefully acidified to pH 4.0 with 32 % (v/v) aqueous HCl
and extracted with EtOAc (3 × 150 mL). The combined organic layer
was dried with anhydrous MgSO4, filtered through a celite bed and
concentrated in vacuo. The residue was purified by column chroma-
tography (20 % EtOAc/hexane). The isolated product was then dis-
solved in hot solution of 20 % EtOAc/hexane and allowed to slowly
crystallize yielding 1,4,6,8-tetramethoxy-3-((E)-prop-1-enyl)naphth-
alene-2-carboxylic acid 15 as white crystals (1.07 g, 55 %). Rf = 0.26
(40 % EtOAc/hexane). Mp 138–140 °C; IR vmax (cm–1) 3680 (O-H),
1681 (C=O), 1545 (C=C); 1H NMR (300 MHz, MeOD) δH 7.05 (1H, d,
J = 2.3, H-5), 6.63 (1H, d, J = 2.2, H-7), 6.57 (1H, dq, J = 16.1, 1.5,
ArCH=CHCH3), 6.41 (1H, dq, J = 16.1, 6.3, ArCH=CHCH3), 3.96 (3H, s,
ArOCH3), 3.92 (3H, s, ArOCH3), 3.82 (3H, s, ArOCH3), 3.79 (3H, s,
ArOCH3), 1.93 (3H, dd, J = 6.4, 1.4, ArCH=CHCH3); 13C NMR (75 MHz,
MeOD) δC 170.7 (ArCO2H), 159.6 (C-6), 157.6 (C-8), 149.1 (C-1 or C-4),
148.8 (C-1 or C-4), 132.4 (ArCH=CHCH3), 131.5 (C-4a), 124.5 (ArCH=
CHCH3), 124.3 (C-2), 123.7 (C-3), 114.8 (C-8a), 99.2 (C-7), 92.9 (C-5),
62.7 (ArOCH3), 59.5 (ArOCH3), 55.1 (ArOCH3), 54.4 (ArOCH3), 18.2
(ArCH=CHCH3); HRMS (m/z), calculated for [M + H]+ C18H21O6:
333.1333, found [M + H]+ 333.1336.

5,7,9,10-Tetramethoxy-3-methyl-1H-benzo[g]isochromen-1-one 8
and (Z)-3-ethylidene-4,6,8,9-tetramethoxynaphtho[2,3-c]furan-
1(3H)-one 16

1,4,6,8-Tetramethoxy-3-((E)-prop-1-enyl)naphthalene-2-carboxylic
acid 15 (1.00 g, 3.01 mmol) and CuCl2·2H2O (0.597 g, 3.50 mmol)
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were dissolved in DMF/H2O mixture (2:1, v/v, 100 mL) in a 2-neck
round-bottomed flask to which PdCl2 (53.4 mg, 0.301 mmol) was
added under the atmosphere of O2(g). The reaction mixture was
vigorously stirred for 24 h at r.t. after which it was filtered through
a thick celite bed which was washed slowly with CH2Cl2 (3 × 50
mL). The combined organic layers were washed with brine (3 × 50
mL) and dried with anhydrous MgSO4, filtered through a pad of
celite and the solvent was removed in vacuo. Purification of the
crude residue by column chromatography (EtOAc/CH2Cl2/hexane,
2:1:7) on silica gel afforded two compounds. The first compound
was 5,7,9,10-tetramethoxy-3-methyl-1H-benzo[g]isochromen-1-one
8,obtained as a light-yellow solid (0.467 g, 47 %). Rf = 0.38 (EtOAc/
CH2Cl2/hexane, 3:1:6); Mp 154–156 °C; IR vmax(cm–1) 1689 (C=O),
1603 (C=C); 1H NMR (300 MHz, CDCl3, Me4Si) δH 6.98 (1H, d, J = 2.3,
H-6), 6.51 (1H, d, J = 2.3, H-8), 6.48 (1H, s, H-4), 3.99 (3H, s, ArOCH3),
3.97 (3H, s, ArOCH3), 3.96 (3H, s, ArOCH3), 3.90 (3H, s, ArOCH3), 2.27
(3H, s, CH3); 13C NMR (75 MHz, CDCl3, Me4Si) δC 161.4 (C-7), 160.0
(C-1), 159.4 (C-9), 159.3 (C-10), 153.4 (C-3), 143.7 (C-5), 135.5 (C-5a),
126.6 (C-4a), 116.4 (C-9a), 108.6 (C-10a), 99.4 (C-8), 97.3 (C-6), 92.2
(C-4), 62.9 (ArOCH3), 61.6 (ArOCH3), 56.4 (ArOCH3), 55.5 (ArOCH3),
19.8 (CH3); HRMS (m/z), calculated for [M + H]+ C18H19O6: 331.1176,
found [M + H]+ 331.1181. The second compound was (Z)-3-ethylid-
ene-4,6,8,9-tetramethoxynaphtho[2,3-c]furan-1(3H)-one 16,ob-
tained as a yellow crystalline solid (0.209 g, 21 %): Rf = 0.40 (EtOAc/
CH2Cl2/hexane, 3:1:6); Mp 154–156 °C); IR vmax(cm–1) 1762 (C=O),
1679 (C=C); 1H NMR (300 MHz, CDCl3, Me4Si) δH 7.02 (1H, d, J = 2.3,
H-5), 6.56 (1H, d, J = 2.2, H-7), 5.92 (1H, q, J = 7.3, ArC=CHCH3), 4.06
(3H, s, ArOCH3), 3.98 (3H, s, ArOCH3), 3.97 (3H, s, ArOCH3), 3.91 (3H,
s, ArOCH3), 2.04 (3H, d, J = 7.3, ArC=CHCH3); 13C NMR (75 MHz,
CDCl3, Me4Si) δC 164.8 (C-1), 161.3 (C-6), 160.1 (C-8), 155.4 (C-9),
144.5 (C-3), 143.8 (C-4), 137.0 (C-4a), 125.4 (C-3a), 117.5 (C-8a), 111.2
(C-9a), 106.8 (ArC=CHCH3), 99.9 (C-7), 93.1 (C-5), 63.4 (ArOCH3), 59.9
(ArOCH3), 56.3 (ArOCH3), 55.5 (ArOCH3), 11.7 (ArC=CHCH3); HRMS
(m/z), calculated for [M + H]+ C18H19O6: 331.1176, found [M + H]+

331.1174.

Allyl-1,4,6,8-tetramethoxynaphthalene-2-carboxylic acid 6

To a solution of ethyl 3-allyl-1,4,6,8-tetramethoxynaphthalene-2-
carboxylate 14 (4.20 g, 10.76 mmol) in dry THF (200 mL), cooled to
0 °C in an ice bath, LiAlH4 (0.569 g, 15.0 mmol) was added portion-
wise over a period of 10 min. The reaction mixture was warmed to
r.t. and stirred for a further 4 h under an N2(g) atmosphere. The
mixture was again cooled to 0 °C in an ice bath and cold H2O was
added dropwise until effervescence stopped. A 32 % (v/v) aqueous
HCl (10 mL) was then added and the resultant mixture was filtered
through a thick celite bed and the THF was removed in vacuo. The
aqueous medium was extracted with EtOAc (3 × 100 mL) and the
combined organic layer was dried with anhydrous MgSO4, filtered
through a celite bed and concentrated under reduced pressure. The
thick brown residue was carried forward without further purification
apart from noting the difference in Rf value compared to the start-
ing material. The presumed alcohol intermediate 17 was dissolved
in CH2Cl2 (200 mL) and silica gel (2.00 g) was added followed by
PCC (4.31 g, 20.0 mmol) in two portions. The reaction mixture was
stirred under N2(g) atmosphere for 4 h as monitored by TLC. After
the starting material was completely consumed, the reaction mix-
ture was filtered through a bed of celite and the filtrate was concen-
trated in vacuo. The resultant viscous brown oil was taken to the
next step without further purification. The crude intermediate was
dissolved in 2-methyl-2-butene (113 mL) to which H2O (150 mL),
tBuOH (150 mL), NaClO2 (5.43 g, 60.0 mmol) and NaH2PO4 (7.20 g,
60.0 mmol) were added. The biphasic mixture was stirred rapidly
for 6 h after which the layers were separated, and the aqueous
layer was further extracted with CH2Cl2 (3 × 100 mL). The combined
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organic layers were dried with anhydrous MgSO4, filtered and con-
centrated in vacuo. The residue was purified by silica gel column
chromatography. The isolated product was recrystallized from a hot
solution (20 % EtOAc/hexane) to afford allyl-1,4,6,8-tetramethoxy-
naphthalene-2-carboxylic acid 6 as white crystals (2.34 g, 60 %). Rf =
0.26 (40 % EtOAc/hexane); Mp 138–140 °C; IR vmax (cm–1) 3680 (O-
H), 1681 (C=O), 1545 (C=C); 1H NMR (300 MHz, CDCl3, Me4Si) δH

10.82 (1H, s, ArCO2H), 7.00 (1H, d, J = 2.3, H-5), 6.55 (1H, d, J = 2.3,
H-7), 6.01 (1H, ddt, J = 16.3, 10.1, 6.2, ArCH2CH=CH2), 5.12 (2H, dd,
J = 2.8, 1.7, ArCH2CH=CH2), 3.97 (3H, s, ArOCH3), 3.94 (3H, s,
ArOCH3), 3.91 (3H, s, ArOCH3), 3.87 (3H, s, ArOCH3), 3.69 (2H, d, J =
6.2, ArCH2CH=CH2); 13C NMR (75 MHz, CDCl3, Me4Si) δC 172.3 (Ar-
CO2H), 159.7 (C-6), 158.0 (C-8), 150.9 (C-4), 149.5 (C-1), 136.3
(ArCH2CH=CH2), 133.1 (C-2), 126.9 (C-4a), 123.5 (C-3), 116.1
(ArCH2CH=CH2), 115.2 (C-8a), 99.5 (C-7), 93.4 (C-5), 64.1 (ArOCH3),
61.6 (ArOCH3), 56.1 (ArOCH3), 55.4 (ArOCH3), 31.6 (ArCH2CH=CH2);
HRMS (m/z), calculated for [M + H]+ C18H21O6: 333.1333, found [M
+ H]+ 333.1332.

5,7,9,10-Tetramethoxy-3-methyl-1H-benzo[g]isochromen-1-one 8

In a 2-neck round-bottomed flask equipped with a magnetic stirring
bar and charged with 3-allyl-1,4,6,8-tetramethoxynaphthalene-2-
carboxylic acid 6 (2.00 g, 6.02 mmol) and CuCl2·2H2O (1.53 g,
9.00 mmol) in DMF/H2O mixture (2:1 v/v, 100 mL), was added PdCl2
(0.107 g, 0.602 mmol) under an atmosphere of O2(g) and the mix-
ture was stirred vigorously for 24 h at r.t. The reaction mixture was
then filtered through a thick celite pad and the pad was washed
with CH2Cl2 (3 × 100 mL). The combined organic layers were
washed with brine (3 × 100 mL), dried with anhydrous MgSO4, fil-
tered and the solvent was removed in vacuo. The residue was ad-
sorbed onto silica gel and purification was accomplished using flash
silica gel column chromatography (EtOAc/hexane/CH2Cl2, 2:1:7) to
afford 5,7,9,10-tetramethoxy-3-methyl-1H-benzo[g]isochromen-1-
one 8 as a cream crystalline solid (1.39 g, 70 %). The 1H NMR and
13C NMR spectra were the same as those outlined previously.

9-O-Methylpaepalantine 5

5,7,9,10-Tetramethoxy-3-methyl-1H-benzo[g]isochromen-1-one 8
(0.400 g, 1.21 mmol) was dissolved in a freshly distilled CH2Cl2 (100
mL) in a 2-neck round-bottomed flask fitted with a rubber septum
and cooled to –78 °C under an N2(g) atmosphere. BCl3 (2.40 mL,
2.40 mmol) was slowly added to the solution via a syringe and the
reaction mixture was stirred for a further 40 min at –78 °C. The
mixture was then warmed to r.t. and stirred at this temperature for
2 h. After the 2 h had elapsed, the mixture was again cooled to
–78 °C and BCl3 (2.40 mL, 2.40 mmol) was slowly added to the
solution for the second time using a syringe. The reaction mixture
was stirred for a further 40 min at –78 °C. Thereafter, it was warmed
to r.t. and stirred at this temperature for 2 h. The reaction was then
carefully quenched with ice cold H2O (50 mL) and extracted with
CH2Cl2 (3 × 100 mL). The combined organic layers were dried with
anhydrous MgSO4, filtered through a celite bed and concentrated
under reduced pressure. Purification of the residue by column chro-
matography on silica gel (20 % EtOAc/hexane) afforded 9-O-methyl-
paepalantine 5 as a yellow amorphous solid (0.249 g, 65 %). Rf =
0.43 (3:2:5 EtOAc/hexane/CH2Cl2); Mp 197–199 °C; IR vmax (cm–1)
3580 (O-H), 1701 (C=O), 1620 (C=C); 1H NMR (300 MHz, CDCl3,
Me4Si) δH 12.79 (1H, s, H-10), 6.86 (1H, d, J = 2.0, H-6), 6.44 (1H, s,
H-4), 6.40 (1H, d, J = 2.0, H-8), 3.96 (3H, s, ArOCH3), 3.92 (3H, s,
ArOCH3), 3.81 (3H, s, ArOCH3), 2.24 (3H, s, H-3′); 13C NMR (75 MHz,
CDCl3, Me4Si) δC 160.0 (C-1), 161.4 (C-7), 159.4 (C-9), 159.3 (C-10),
153.4 (C-3), 143.7 (C-5), 135.5 (C-5a), 126.6 (C-4a), 116.4 (C-9a), 108.6
(C-10a), 99.4 (C-8), 97.3 (C-6), 92.2 (C-4), 62.9 (ArOCH3), 61.6
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(ArOCH3), 56.4 (ArOCH3), 19.8 (C-3′); HRMS (m/z), calculated for
[M + H]+ C17H17O6: 317.1020 found [M + H]+ 317.1021.

Ethyl 4-(allyloxy)-5,6,8-trimethoxynaphthalene-2-carboxylate[14]

To a solution of ethyl 4-hydroxy-5,6,8-trimethoxynaphthalene-2-
carboxylate[17] (3.80 g, 12.4 mmol) in acetone (100 mL) was added
anhydrous K2CO3 (2.07 g, 15.0 mmol) followed by allyl bromide
(1.81 g, 15.0 mmol). The reaction mixture was heated under reflux
for 24 h under a N2(g) atmosphere. After this time had elapsed, the
reaction mixture was cooled to r.t., filtered through a celite pad and
the solvent evaporated in vacuo. The residue was purified by silica
gel column chromatography (10 % EtOAc/hexane) yielding ethyl 4-
(allyloxy)-5,6,8-trimethoxynaphthalene-2-carboxylate as a yellow
amorphous solid (3.82 g, 89 %). Rf = 0.56 (20 % EtOAc/hexane); 1H
NMR (300 MHz, CDCl3, Me4Si) δH 8.56 (1H, d, J = 1.5, H-1), 7.43 (1H,
d, J = 1.4, H-3), 6.67 (1H, s, H-7), 6.20 (1H, ddt, J = 17.1, 10.4, 5.1,
ArOCH2CH=CH2), 5.60 (1H, dd, J = 17.2, 1.6, one of ArOCH2CH=CH2),
5.33 (1H, dd, J = 10.5, 1.4, one of ArOCH2CH=CH2), 4.71 (2H, d, J =
5.1, ArOCH2CH=CH2), 4.41 (2H, q, J = 7.1, ArCO2CH2CH3), 3.98 (3H,
s, OCH3), 3.96 (3H, s, OCH3), 3.82 (3H, s, OCH3), 1.43 (3H, t, J = 7.1,
ArCO2CH2CH3); 13C NMR (75 MHz, CDCl3, Me4Si) δC 167.1 (Ar-
CO2CH2CH3), 153.4 (C-8), 149.3 (C-4), 136.4 (C-6), 126.6 (ArOCH2CH=
CH2), 124.4 (C-5), 121.9 (C-2), 120.5 (C-8a), 116.5 (C-4a), 110.4 (C-1),
107.3 (ArOCH2CH=CH2), 105.0 (C-3), 99.6 (C-7), 63.9 (ArOCH2CH=
CH2), 61.4 (ArCO2CH2CH3), 56.1 (ArOCH3), 55.3 (ArOCH3), 52.1
(ArOCH3), 14.3 (ArCO2CH2CH3).

Ethyl 3-allyl-4-hydroxy-5,6,8-trimethoxynaphthalene-2-carboxylate
18[14]

Ethyl 4-(allyloxy)-5,6,8-trimethoxynaphthalene-2-carboxylate
(4.00 g, 11.5 mmol) was loaded neat into a 100 mL round-bottomed
flask equipped with a reflux condenser and a magnetic stirring bar.
The flask was heated to 180 °C in silicone oil bath for 24 h under a
N2(g) atmosphere. The dark viscous residue was cooled to 35 °C,
dissolved in acetone (20 mL) and adsorbed on silica gel. Purification
by silica gel column chromatography (10 % EtOAc/hexane) yielded
ethyl 3-allyl-4-hydroxy-5,6,8-trimethoxynaphthalene-2-carboxylate
18 as a yellow amorphous solid (2.83 g, 71 %). Rf = 0.42 (20 %
EtOAc/hexane); 1H NMR (300 MHz, CDCl3, Me4Si) δH 10.09 (1H, s,
ArOH), 8.19 (1H, s, H-1), 6.48 (1H, s, H-7), 6.10 (1H, ddt, J = 16.1,
10.1, 6.0, ArCH2CH=CH2), 5.04 (2H, dt, J = 15.9, 1.9, ArCH2CH=CH2),
4.37 (2H, q, J = 7.1, ArCO2CH2CH3), 3.98 (3H, s, OCH3), 3.92 (3H, s,
OCH3), 3.91–3.84 (5H, m, one of the OCH3 and ArCH2CH=CH2), 1.41
(3H, t, J = 7.1, ArCO2CH2CH3); 13C NMR (75 MHz, CDCl3, Me4Si) δC

168.1 (ArCO2CH2CH3), 153.7 (C-8), 151.0 (C-4), 149.1 (C-6), 137.4
(ArCH2CH=CH2), 135.7 (C-5), 127.7 (C-2), 120.9 (C-8a), 119.9 (C-4a),
119.4 (ArCH2CH=CH2), 116.4 (C-3), 114.4 (C-1), 94.7 (C-7), 62.1 (Ar-
CO2CH2CH3), 60.8 (ArOCH3), 56.8 (ArOCH3), 55.7 (ArOCH3), 30.1
(ArCH2CH=CH2), 14.4 (ArCO2CH2CH3).

Ethyl 3-allyl-4-hydroxy-1,5,6,8-tetramethoxynaphthalene-2-carb-
oxylate 21 and ethyl 3-allyl-3,4-dihydro-3,5,6,8-tetramethoxy-4-oxo-
naphthalene-2-carboxylate 20

To a solution of ethyl 3-allyl-4-hydroxy-5,6,8-trimethoxynaphth-
alene-2-carboxylate 18 (3.00 g, 8.66 mmol) in absolute MeOH (80
mL) in a 250 mL round-bottomed flask, PIFA (3.96 g, 9.20 mmol)
was added in one portion and the reaction mixture was stirred for
15 min at r.t. Saturated aqueous NaHCO3 (50 mL) was added por-
tion-wise until effervescence stopped and the MeOH was removed
in vacuo to leave an aqueous medium. The aqueous layer was ex-
tracted with EtOAc (3 × 100 mL) and the combined organic layers
were dried with anhydrous MgSO4, filtered through a celite pad and
concentrated under reduced pressure. The residue was then treated
with a 21 % (w/v) ethanolic solution of NaOEt (11.0 mL, 34.0 mmol)
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with vigorous stirring for 20 min at r.t. Saturated aqueous NH4Cl
(50 mL) was added to the reaction and the resultant mixture was
evaporated at reduced pressure to leave the aqueous medium
which was extracted with EtOAc (3 × 100 mL). The combined or-
ganic layers were dried with anhydrous MgSO4, filtered through a
celite pad and concentrated in vacuo. Purification of the residue by
silica gel column chromatography (20 % EtOAc/hexane) afforded
two compounds. The first compound was ethyl 3-allyl-4-hydroxy-
1,5,6,8-tetramethoxynaphthalene-2-carboxylate 21 which was ob-
tained as an orange amorphous solid (1.70 g, 52 %). Compound 21
was characterised by 1H NMR and 13C NMR spectroscopy, as de-
scribed in the next experimental procedure.

The second product was ethyl 3-allyl-3,4-dihydro-3,5,6,8-tetra-
methoxy-4-oxonaphthalene-2-carboxylate 20 which was obtained
as yellow crystals (0.326 g, 10 %). Rf = 0.40 (20 % EtOAc/hexane); IR
vmax(cm–1) 1708 (C=O), 1698 (C=C), 1625 (C=C); Mp 63–65 °C; 1H
NMR (300 MHz, CDCl3, Me4Si) δH 8.09 (1H, s, H-1), 6.70 (1H, s, H-7),
5.59 (1H, ddt, J = 17.4, 10.1, 7.4, ArCH2CH=CH2), 5.06–4.85 (2H, m,
ArCH2CH=CH2), 4.46–4.24 (2H, m, ArCO2CH2CH3), 3.94 (3H, s,
ArOCH3), 3.93 (3H, s, ArOCH3), 3.84 (3H, s, ArOCH3), 3.15 (3H, s, OCH3

attached to C-3), 3.00–2.79 (2H, m, ArCH2CH=CH2), 1.37 (3H, t, J =
7.1, ArCO2CH2CH3); 13C NMR (75 MHz, CDCl3, Me4Si) δC 198.3 (C-4),
165.5 (ArCO2CH2CH3), 156.2 (C-6), 153.3 (C-8), 143.1 (C-5), 132.4 (C-
1), 131.3 (ArCH2CH=CH2), 129.1 (C-2), 125.5 (C-4a), 118.9 (ArCH2CH=
CH2), 116.0 (C-8a), 101.4 (C-7), 84.9 (C-3), 61.6 (ArOCH3, attached to
C-5), 60.8 (ArCO2CH2CH3), 56.4 (ArOCH3), 56.3 (ArOCH3), 53.7 (OCH3

attached to C-3), 43.3 (ArCH2CH=CH2), 14.4 (ArCO2CH2CH3); HRMS
(m/z), calculated for [M + H]+ C20H25O7: 377.1595, found [M + H]+

377.1591.

Ethyl 3-allyl-1,4,5,6,8-pentamethoxynaphthalene-2-carboxylate 22

To a solution of ethyl 3-allyl-4-hydroxy-5,6,8-trimethoxynaphth-
alene-2-carboxylate 18 (4.50 g, 13.0 mmol) in absolute MeOH (100
mL) in a 250 mL round-bottomed flask, PIFA (5.81 g, 13.5 mmol)
was added and the reaction was stirred for 15 min at r.t. A saturated
aqueous NaHCO3 solution was added to the mixture until efferves-
cence stopped and MeOH was removed in vacuo to leave an aque-
ous medium. This medium was then extracted with EtOAc (3 × 100
mL). The combined organic layers were dried with anhydrous
MgSO4, filtered through a celite pad and concentrated under re-
duced pressure. The residue was then dissolved in ethanol (200 mL)
and tBuOK (3.41 g, 30.4 mmol) was added with vigorous stirring for
20 min at r.t. The reaction was quenched by saturated aqueous
solution NH4Cl (50 mL) and the resultant mixture was evaporated
under reduced pressure to leave an aqueous medium. This medium
was extracted with EtOAc (3 × 100 mL) and the combined organic
layers were dried with anhydrous MgSO4, filtered through a celite
pad and concentrated in vacuo. Purification of the crude product
by silica gel column chromatography (15 % EtOAc/hexane) deliv-
ered ethyl 3-allyl-4-hydroxy-1,5,6,8-tetramethoxynaphthalene-2-
carboxylate 21 as an orange amorphous solid (2.94 g, 60 %). Rf =
0.46 (25 % EtOAc/hexane). 1H NMR (300 MHz, CDCl3, Me4Si) δH

10.20 (1H, s, ArOH), 6.64 (1H, s, H-7), 6.01 (1H, ddt, J = 16.4, 10.0,
6.3, ArCH2CH=CH2), 5.16–4.96 (2H, m, ArCH2CH=CH2), 4.40 (2H, q,
J = 7.1, ArCO2CH2CH3), 3.98 (3H, s, ArOCH3), 3.96 (3H, s, ArOCH3),
3.96 (3H, s, ArOCH3), 3.79 (3H, s, ArOCH3), 3.46 (2H, dt, J = 6.3, 1.4,
ArCH2CH=CH2), 1.39 (3H, t, J = 7.1, ArCO2CH2CH3); 13C NMR (75 MHz,
CDCl3, Me4Si) δC 168.07 (ArCO2CH2CH3), 154.0 (C-8), 148.2 (C-1),
147.1 (C-6), 145.5 (C-4), 136.5 (ArCH2CH=CH2), 135.9 (Ar-C), 126.7
(Ar-C), 120.1 (Ar-C), 118.0 (Ar-C), 115.2 (Ar-C), 115.2 (Ar-C), 96.8 (C-
7), 63.8 (ArCO2CH2CH3), 62.3 (ArOCH3), 61.1 (ArOCH3), 56.9 (ArOCH3),
56.7 (ArOCH3), 31.5 (ArCH2CH=CH2), 14.3 (ArCO2CH2CH3). Dimethyl-
sulfate (1.06 mL, 11.2 mmol) was added to a solution of the interme-
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diate, ethyl 3-allyl-4-hydroxy-1,5,6,8-tetramethoxynaphthalene-2-
carboxylate 21 (2.80 g, 7.44 mmol) and anhydrous K2CO3 (1.55 g,
11.2 mmol) in acetone (100 mL) in a 250 mL round-bottomed flask.
The mixture was then heated under reflux for 24 h after which it
was cooled to r.t., filtered through a bed of celite and the solvent
was removed in vacuo. The residue was dissolved in EtOAc (100
mL) and successively washed with 25 % (v/v) aqueous NH3 (2 × 100
mL) after which it was acidified to pH 4 using 32 % (v/v) aqueous
HCl. The organic layers were then washed with H2O until the aque-
ous layer was neutral. It was then dried with anhydrous MgSO4,
filtered through a bed of celite and concentrated in vacuo. Purifica-
tion of the crude product by silica gel column chromatography
(10 % EtOAc/hexane) yielded ethyl 3-allyl-1,4,5,6,8-pentamethoxy-
naphthalene-2-carboxylate 22 as a yellow oil (2.41 g, 83 %). Rf =
0.53 (20 % EtOAc/hexane); 1H NMR (300 MHz, CDCl3, Me4Si) δH 6.73
(1H, s, H-7), 5.98 (1H, ddt, J = 16.4, 10.1, 6.2, ArCH2CH=CH2), 5.13–
4.98 (2H, m, ArCH2CH=CH2), 4.39 (2H, q, J = 7.1, ArCO2CH2CH3), 4.01
(3H, s, ArOCH3), 3.98 (3H, s, ArOCH3), 3.82 (3H, s, ArOCH3), 3.78 (3H,
s, ArOCH3), 3.77 (3H, s, ArOCH3), 3.57 (2H, dt, J = 6.2, 1.5, ArCH2CH=
CH2), 1.39 (3H, t, J = 7.1, ArCO2CH2CH3); 13C NMR (75 MHz, CDCl3,
Me4Si) δC 168.0 (ArCO2CH2CH3), 153.7 (C-8), 150.9 (C-1), 145.0 (C-6),
149.2 (C-4), 136.7 (ArCH2CH=CH2), 136.6 (Ar-C), 127.6 (Ar-C), 126.4
(Ar-C), 125.7 (Ar-C), 116.0 (Ar-C), 115.7 (Ar-C), 97.1 (C-7), 63.8 (Ar-
CO2CH2CH3), 62.7 (ArOCH3), 62.1 (ArOCH3), 61.2 (ArOCH3), 56.9
(ArOCH3), 56.8 (ArOCH3), 31.6 (ArCH2CH=CH2), 14.2 (ArCO2CH2CH3);
HRMS (m/z), calculated for [M + H]+ C21H27O7: 391.1751, found [M
+ H]+ 391.1750.

3-Allyl-1,4,5,6,8-pentamethoxynaphthalene-2-carboxylic acid 7

To a solution of ethyl 3-allyl-1,4,5,6,8-pentamethoxynaphthalene-2-
carboxylate 22 (2.10 g, 5.38 mmol) in dry THF (100 mL) cooled to
0 °C in an ice bath, LiAlH4 (0.486 g, 12.8 mmol) was added portion-
wise over a period of 5 min. The reaction mixture was warmed to
r.t. and stirred for a further 4 h under a N2(g) atmosphere. After this
time had elapsed, the mixture was cooled to 0 °C for a second
time and cold H2O was added portion-wise until the effervescence
stopped. The resultant mixture was filtered through a thick celite
bed and the THF was removed in vacuo. The aqueous medium was
extracted with EtOAc (3 × 100 mL) and the combined organic layers
were dried with anhydrous MgSO4, filtered through a bed of celite
and concentrated under reduced pressure. Purification of the resi-
due on silica gel column chromatography yielded 3-allyl-1,4,5,6,8-
pentamethoxynaphthalen-2-yl)methanol (3.09 g, 80 %). Rf = 0.42
(30 % EtOAc/hexane); Mp 122–123 °C; IR vmax(cm–1) 3481 (O-H),
1580 (C=C); 1H NMR (300 MHz, CDCl3, Me4Si) δH 6.73 (1H, s, H-7),
6.14 (1H, ddt, J = 17.1, 10.5, 5.4, ArCH2CH=CH2), 5.06 (1H, ddd, J =
17.1, 10.2, 1.7, one of ArCH2CH=CH2), 4.95 (1H, ddd, J = 15.4, 3.4,
1.6, one of ArCH2CH=CH2), 4.81 (2H, s, ArCH2OH), 4.01 (3H, s,
ArOCH3), 4.00 (3H, s, ArOCH3), 3.84 (3H, s, ArOCH3), 3.79 (3H, s,
ArOCH3), 3.78–3.72 (5H, m, ArOCH3, and ArCH2CH=CH2), 2.46 (1H,
br s, ArCH2OH); 13C NMR (75 MHz, CDCl3, Me4Si) δC 153.3 (C-8),
151.9 (C-10), 150.3 (C-4), 149.3 (C-6), 138.3 (Ar-C), 136.7 (ArCH2CH=
CH2), 130.3 (Ar-C), 128.6 (Ar-C), 125.8 (Ar-C), 116.4 (ArCH2CH=CH2),
115.3 (Ar-C), 97.1 (C-7), 63.2 (ArOCH3), 62.6 (ArOCH3), 62.0 (ArOCH3),
57.4 (ArCH2OH), 56.9 (ArOCH3), 56.8 (ArOCH3), 30.4 (ArCH2CH=CH2).
To a solution of majority of the 3-allyl-1,4,5,6,8-pentamethoxynaph-
thalen-2-yl)methanol (3.00 g, 8.61 mmol) in CH2Cl2 (150 mL), flash
silica gel (1.50 g) and PCC (3.64 g, 16.9 mmol) were added portion-
wise and the reaction mixture was stirred under N2(g) atmosphere
for 4 h. After the starting material was completely consumed (moni-
tored by TLC), the reaction mixture was filtered through a bed of
celite and the filtrate was concentrated in vacuo. The resultant vis-
cous oil was taken to the next step without further purification
apart from noting the difference in Rf value to the starting material.
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The crude intermediate was dissolved in 2-methyl-2-butene (113
mL) in a 500 mL round-bottomed flask to which H2O (187 mL),
tBuOH (169 mL), NaClO2 (2.71 g, 30.0 mmol) and NaH2PO4 (3.60 g,
30.0 mmol) were added. The biphasic mixture was stirred rapidly
for 6 h after which the layers were separated, and the aqueous
layer was further extracted with CH2Cl2 (3 × 100 mL). The combined
organic layers were dried with MgSO4, filtered through a celite bed
and concentrated in vacuo. The residue was purified by silica gel
column chromatography (30 % EtOAc/hexane) and the isolated
product was re-crystallized from a hot 20 % EtOAc/hexane solution
affording 3-allyl-1,4,5,6,8-pentamethoxynaphthalene-2-carboxylic
acid 7 as white crystals (2.06 g, 66 %). Rf = 0.21 (50 % EtOAc/hex-
ane); Mp 140–142 °C; IR vmax (cm–1) 3680 (O-H), 1692 (C=O), 1637
(C=C); 1H NMR (300 MHz, CDCl3, Me4Si) δH 10.80 (1H, s, ArCO2H),
6.76 (1H, s, H-7), 6.04 (1H, ddt, J = 16.3, 10.1, 6.2, ArCH2CH=CH2),
5.14 (1H, dd, J = 13.8, 1.7, one of ArCH2CH=CH2), 5.10 (1H, dd, J =
13.8, 1.6, one of ArCH2CH=CH2), 4.02 (3H, s, ArOCH3), 4.00 (3H, s,
ArOCH3), 3.90 (3H, s, ArOCH3), 3.81 (3H, s, ArOCH3), 3.80 (3H, s,
ArOCH3), 3.70 (2H, d, J = 6.2, ArCH2CH=CH2); 13C NMR (75 MHz,
CDCl3, Me4Si) δC 172.4 (ArCO2H), 153.8 (C-8), 151.3 (C-10), 150.3 (Ar-
C), 149.3 (Ar-C), 136.6 (ArCH2CH=CH2), 127.6 (Ar-C), 126.6 (Ar-C),
124.3 (Ar-C), 116.0 (ArCH2CH=CH2), 115.8 (Ar-C), 97.3 (H-7), 63.9
(ArOCH3), 62.7 (ArOCH3), 62.0 (ArOCH3), 56.9 (ArOCH3), 56.8
(ArOCH3), 31.4 (ArCH2CH=CH2); HRMS (m/z), calculated for [M + H]+

C19H23O7: 363.1438, found [M + H]+ 363.1434.

5,6,7,9,10-Pentamethoxy-3-methyl-1H-benzo[g]isochromen-1-one 9

To a 250 mL 2-neck round-bottomed flask equipped with a mag-
netic stirring bar and charged with 3-allyl-1,4,5,6,8-pentamethoxyn-
aphthalene-2-carboxylic acid 7 (2.00 g, 5.52 mmol) in DMF/H2O (150
mL, v/v, 2:1) was added CuCl2·2H2O (1.77 g, 10.4 mmol). The reac-
tion mixture was vigorously stirred under a blanket of O2(g). After
10 min of stirring, PdCl2 (97.9 mg, 0.552 mmol) was added to the
reaction mixture and it was further stirred vigorously for 24 h at r.t.
The reaction mixture was then filtered through a thick celite bed
and the pad was washed with CH2Cl2 (3 × 50 mL). The combined
organic layers were washed with brine (3 × 50 mL), dried with anhy-
drous MgSO4, filtered and the solvent was removed in vacuo. The
residue was adsorbed on silica and purification by silica gel column
chromatography (EtOAc/CH2Cl2/hexane, 3:1:6) afforded 5,6,7,9,10-
pentamethoxy-3-methyl-1H-benzo[g]isochromen-1-one 9 as a
cream crystalline solid (1.43 g, 72 %). Rf = 0.43 (EtOAc/CH2Cl2/hex-
ane, 4:2:4). Mp 160–162 °C; IR vmax (cm–1) 1741 (C=O), 1605 (C=C);
1H NMR (300 MHz, CDCl3, Me4Si) δH 6.73 (1H, s, H-8), 6.57 (1H, s, H-
4), 4.04 (3H, s, ArOCH3 ), 4.02 (3H, s, ArOCH3), 3.95 (3H, s, ArOCH3),
3.83 (3H, s, ArOCH3), 3.82 (3H, s, ArOCH3), 2.26 (3H, s, H-3′); 13C NMR
(75 MHz, CDCl3, Me4Si) δC 159.4 (C-1), 156.3 (C-3), 156.2 (Ar-C), 153.2
(Ar-C), 152.9 (Ar-C), 143.6 (Ar-C), 135.8 (Ar-C), 129.0 (C-6a), 127.5 (C-
10a), 116.7 (C-4a), 108.9 (C-9a), 97.4 (C-4), 96.9 (C-8), 63.0 (ArOCH3),
62.8 (ArOCH3), 62.0 (ArOCH3), 57.3 (ArOCH3), 56.5 (ArOCH3), 19.8 (C-
3′); HRMS (m/z), calculated for [M + H]+ C19H21O7: 361.1282, found
[M + H]+ 361.1287.

5,7,10-Trimethoxy-3-methyl-1H-benzo[g]isochromene-1,6,9-trione
23

AgO (1.18 g, 9.50 mmol) was added to the stirred solution of
5,6,7,9,10-pentamethoxy-3-methyl-1H-benzo[g]isochromen-1-one 9
(1.60 g, 4.44 mmol) in 1,4-dioxane (40 mL). The reaction mixture
was stirred for 10 min at r.t. after which 55 % (v/v) aqueous HNO3

was added dropwise until all the AgO dissolved. The resultant solu-
tion was stirred for a further 5 min which was followed by addition
of CH2Cl2 (50 mL) and H2O (50 mL). The lower organic layer was
separated, and the aqueous solution was further extracted with
CH2Cl2 (2 × 100 mL). The combined organic layers were dried with

Eur. J. Org. Chem. 0000, 0–0 www.eurjoc.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim8

anhydrous MgSO4, filtered through a celite bed and concentrated
under reduced pressure. Purification of the residue on silica gel col-
umn chromatography (EtOAc/hexane/CH2Cl2) afforded 5,7,10-tri-
methoxy-3-methyl-1H-benzo[g]isochromene-1,6,9-trione 23 as an
orange amorphous solid (1.10 g, 75 %). Rf = 0.40 (EtOAc/CH2Cl2/
hexane, 4:2:4); Mp 220–222 °C; IR vmax(cm–1) 1788 (C=O), 1762 (C=
O), 1712 (C=C), 1693 (C=C), 1606 (C=C); 1H NMR (300 MHz, CDCl3,
Me4Si) δH 6.66 (1H, s, H-8), 6.12 (1H, s, H-4), 4.02 (3H, s, ArOCH3),
3.93 (3H, s, ArOCH3), 3.88 (3H, s, ArOCH3), 2.34 (3H, s, H-3′); 13C NMR
(126 MHz, CDCl3, Me4Si) δC 182.4 (C=O), 178.9 (C=O), 159.3 (Ar-C),
159.1 (Ar-C), 159.0 (Ar-C), 157.4 (Ar-C), 151.0 (Ar-C), 141.2 (Ar-C),
127.7 (Ar-C), 123.4 (Ar-C), 119.4 (Ar-C), 111.6 (C-4), 97.8 (C-8), 63.0
(ArOCH3), 62.8 (ArOCH3), 56.5 (ArOCH3), 20.2 (CH3); HRMS (m/z), cal-
culated for [M + H]+ C17H15O7: 331.0812, found [M + H]+ 331.0814.

5-Methoxy-3,4-dehydrosemixanthomegnin 2[19]

5,7,10-Trimethoxy-3-methyl-1H-benzo[g]isochromene-1,6,9-trione
23 (0.334 g, 1.01 mmol) was dissolved in a freshly distilled CH2Cl2
(50 mL) in a 150 mL 2-neck round-bottomed flask fitted with a
rubber septum. The reaction flask was cooled to –78 °C under a
blanket of N2(g) atmosphere and BCl3 (2.02 mL, 2.02 mmol) was
slowly added to the solution using a syringe. The reaction mixture
was stirred for a further 40 min at –78 °C and was then warmed to
r.t. The mixture was stirred at this temperature for 2 h after which
it was carefully quenched with cold H2O (100 mL) and the lower
layer was separated. The aqueous medium was further extracted
with CH2Cl2 (2 × 50 mL) and the combined organic layers were
dried with anhydrous MgSO4, filtered through a celite bed and con-
centrated under reduced pressure. The residue was purified on de-
activated silica gel column chromatography (20 % EtOAc/hexane)
affording 10-hydroxy-5,7,9-trimethoxy-3-methyl-1H-benzo[g]iso-
chromen-1-one 2 as a dirty-red solid (51.1 mg, 20 %). Rf = 0.49
(EtOAc/CH2Cl2/hexane, 3:2:5); Mp 139–140 °C (140–142 °C);[19] 1H
NMR (500 MHz, CDCl3) δH 14.57 (1H, s, OH attached to C-10), 6.67
(1H, s, H-8), 6.16 (1H, s, H-4), 3.94 (3H, s, ArOCH3), 3.88 (3H, s,
ArOCH3), 2.37 (3H, s, C-3′); 13C NMR (126 MHz, CDCl3, Me4Si) δC

189.3 (C-9), 177.9 (C-6), 161.4 (C-1), 161.0 (C-10), 160.7 (C-7), 157.7
(C-3), 148.0 (C-5), 143.5 (C-5a), 125.1 (C-4a), 113.0 (C-10a), 111.2 (C-
9a), 109.3 (C-8), 98.3 (C-4), 62.3 (ArOCH3), 56.9 (ArOCH3), 20.4 (CH3).
The spectroscopic data are in general agreement with that reported
by Raddi and co-workers (see supplementary information).[19]

CCDC 1867674 (for 8), 1867675 (for 16), 1867676 (for 20), 1867677
(for 22) and 1867678 (for 9) contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre.
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