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The syntheses of several tribenzotriquinacenes bearing six
methoxy groups at the outer peripheral positions of the aro-
matic rings are reported. The centro-methyl derivative is ac-
cessible in surprisingly good yield through two-fold cyclode-
hydration in the final step of a synthesis route which requires
special care in the preparation of some electron-rich key in-
termediates, such as 5,6-dimethoxy-2-methylindane-1,3-di-
one and bis(3,4-dimethoxyphenyl)methanol. X-ray single-
crystal structure analysis of the centro-methyl derivative con-
firms its C3v-symmetrical molecular structure but, at variance
from the parent centro-methyltribenzotriquinacene and the

Introduction

Prominent areas of supramolecular chemistry deal with
C3-and C3v-symmetrical building blocks.[1�3] Among these,
derivatives of catechol ethers, such as 2,3,6,7,10,11-hexa-
methoxytriphenylene[4] and 2,3,7,8,12,13-hexamethoxytrux-
ene,[5] have been investigated in detail, mostly because of
their propensity to form columnar aggregates in liquid crys-
tals. Other variants of this type bear a bent, convex/concave
molecular shape.[6] However, most of the investigations are
centered on motifs derived from the cyclotriveratrylene
6.[7�9] Cyclotriveratrylenes are best suited for the construc-
tion of cryptophanes, speleands, cavitands and tentacular
molecules.[7a,10] Notwithstanding its considerable advances,
the chemical variability of the cyclotriveratrylenes as molec-
ular building blocks is limited mostly to the derivatization
of the peripheral positions of their aromatic nuclei; the first
syntheses of several monofunctionalized (and thus chiral)
cyclotribenzylenes have recently been reported by Schmuck
and Wienand.[11]
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similarly shaped cyclotriveratrylene, the hexamethoxytriben-
zotriquinacene analog does not form columnar stacks in the
solid state. Functionalization of the three benzhydrylic
bridgehead positions leads to the tetramethyl analog and the
bridgehead triol in good yields. In contrast, attempts to func-
tionalize the ortho positions by nitration or bromination
mainly give rise to ring cleavage through electrophilic ipso
attack, which parallels the behavior of cyclotribenzylenes
and cyclotriveratrylenes.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Scheme 1. Tribenzotriquinacene (1) and its centro-methyl derivative
2 (perspective views), the respective hexamethoxy derivatives 3 and
4, and cyclotribenzylene (5) and cyclotriveratrylene 6

In contrast, tribenzotriquinacenes, such as the parent hy-
drocarbon 1 [12] and the centro-methyl derivative 2,[12a,13�15]

which may be regarded as rigidified variants of cyclotriben-
zylene (5),[16] have been explored mainly with respect to the



M. Harig, B. Neumann, H.-G. Stammler, D. KuckFULL PAPER
vast potential of their bridgehead substitution and
functionalization.[12b,17�20] However, we recently demon-
strated that the complete substitution of the six outer
peripheral arene positions can be achieved to yield
2,3,6,7,10,11-hexahalo- and 2,3,6,7,10,11-hexanitrotriben-
zotriquinacenes as key intermediates to access a variety of
interesting derivatives bearing extended, convex/concave
molecular frameworks.[20,21] Unfortunately, subsequent in-
troduction of six methoxy or hydroxy substituents at the
peripheral positions of tribenzotriquinacene proved to be
unsuccessful.[22] Therefore, we undertook an extended study
to synthesize two 2,3,6,7,10,11-hexamethoxytribenzotri-
quinacenes, the ‘‘nor’’ compound 3 and the centro-methyl
analog 4, by pursuing essentially the routes developed for
the syntheses of the parent hydrocarbons.[12�15] However,
due to the drastically different electronic properties of the
veratrol nuclei present in the various starting materials and
intermediates of the synthesis, numerous difficulties had to
be overcome. The X-ray structure analysis and some func-
tionalization reactions of 4 have also been carried out.

Results and Discussion

Synthesis of 2,3,6,7,10,11-Hexamethoxytribenzotriquin-
acene (3)

With respect to the two independent syntheses of the par-
ent hydrocarbon 1,[12�15] we investigated the potential of
these strategies to prepare the hexamethoxy congener 3.[23]

Only one of these, which is called here the ‘‘(benzhydryl)in-
danedione route’’, turned out to be viable with reasonable
efficiency,[24] though being associated with a low overall
yield similar to the parent compound 1.[12a] However, the
same strategy was found to be surprisingly efficient when
applied to the centro-methyl derivative 4, as described later
in this paper. The synthesis of 3 will be reported first.

The first key intermediate in the chemistry of veratrole-
type centropolyindanes, which have been studied recently in
a broader context,[23] is 5,6-dimethoxyindane-1,3-dione (8).
Three different methods have been described in the litera-
ture to synthesize this compound.[25] They suffer in part
from incomplete characterization, poor availability of the
starting materials or difficulties to produce larger amounts
of 8 even on the laboratory scale. As the result of extended
efforts,[26] we found that the indane-1,3-dione 8 is obtained
most efficiently by oxidation of the corresponding indan-1-
one 7[27] with CrO3 in acetic acid in up to 54% yield
(Scheme 2). The oxidation of benzylic methylene groups
with chromium() oxide is well known, in particular for
para-alkylanisoles;[28�30] however, the feasibility of this re-
action varies strongly in individual cases. For example, we
found that 6-methoxyindan-1-one, as a less electron-rich
analog of 7, does not give the corresponding diketone, 5-
methoxyindane-1,3-dione, under the same conditions. Be-
sides the starting ketone, only decomposition products
were formed.

 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org Eur. J. Org. Chem. 2004, 2381�23972382

Scheme 2. (a) CrO3, AcOH, H2O, 20 °C, 3 d

The second key intermediate is the 2-(benzhydryl)indane-
1,3-dione 14, bearing six methoxy substituents in appropri-
ate positions. In contrast to the experience with the parent
system,[31,32] attempts to prepare this compound by 1,4-ad-
dition of 4-(bromomagnesio)veratrole, obtained from 4-
bromoveratrole,[33] to the corresponding hexamethoxy-sub-
stituted 2-benzylideneindane-1,3-dione[25] were not success-
ful.[23] Fortunately, proton-catalyzed C�C coupling of
bis(3,4-dimethoxyphenyl)methanol (13) with 5,6-dimeth-
oxyindane-1,3-dione (8) proved to be more efficient. How-
ever, the synthesis of 13 first required optimization for our
purposes.

The known 3,3�,4,4�-tetramethoxybenzophenone (11)[34]

was obtained according to the procedure published by Kul-
karni et al.[34c] from 3,4-dimethoxybenzoic acid (9) and ver-
atrole (10) in polyphosphoric acid (PPA) in 77% yield
(Scheme 3). Surprisingly, subsequent reduction of 11, ac-
cording to various known procedures, was unsuccessful.
These included reduction of 11 with zinc in alkaline ethanol
solutions[35a] and Meerwein�Ponndorf�Verley re-
duction,[35b] giving rise to ether formation and over-re-
duction to the corresponding diphenylmethane 12. Re-
duction with lithium aluminum hydride and sodium
borohydride also yielded ethers as the main products, as
detected by 1H NMR spectroscopy and mass spectrometry
of the crude product mixtures.

Scheme 3. (a) PPA, 80 °C, 30 min; (b) H2, Pd/C, AcOH, 6.0 bar,
20 °C, 3 d; (c) H2, Pd/C, pyridine, MeOH, 6.0 bar, 20 °C, 7 d

Compound 13 was eventually obtained by Pd/C-cata-
lyzed hydrogenation under strictly acid-free conditions. For
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this purpose, the methanol used as a solvent was deacidified
with basic alumina. Furthermore, pyridine was added to
neutralize traces of acids still present in the benzophenone
11 after two-fold recrystallization and to attenuate the ac-
tivity of the heterogeneous catalyst. Under these conditions,
13 was formed quantitatively and isolated in 92% yield. Ac-
cording to elemental analysis, the compound forms as a
monohydrate. Hirota et al.[36] have reported the use of a
similar catalyst for the reduction of aromatic ketones. In
contrast, Pd/C-catalyzed reduction of 11 in glacial acetic
acid gave quantitative hydrogenolysis to diveratrylmethane
(12), which was obtained in 81% yield after recrystalliza-
tion, in analogy to a procedure published by Horning and
Parker.[37]

Again in contrast to the parent system, alkylation of 5,6-
dimethoxyindane-1,3-dione 8 with 3,3�,4,4�-tetrameth-
oxybenzhydrol (13) (benzhydrol � diphenylmethanol), un-
der conditions described first by de Winter and Nauta[32]

and later used by ourselves[12a] gives rise to complex prod-
uct mixtures. Due to the electron-rich arene rings, the simul-
taneous presence of compound 13 and the acidic catalyst
gives rise to disproportionation of the former, yielding 11
and 12. In addition, the product of dialkylation, 2,2-
bis(benzhydryl)indane-1,3-dione 15, was also formed in sig-
nificant amounts (see below). Disproportionation of
benzhydrols in acidic media is well known[38] and has been
studied in the case of 13 in particular.[39,40] In fact, heating
of 13 in benzene solution containing catalytic amounts of
para-toluenesulfonic acid, but in the absence of 8, yields
benzophenone 11 and diveratrylmethane (12) in significant
amounts (Scheme 4), along with condensation products.[23]

Scheme 4. (a) pTsOH, toluene, ∆T, 2 h; (b) pTsOH, benzene, 1,2-
dichloroethane, ∆T, 2 h

These undesired reactions can largely be suppressed when
a solution of benzhydrol 13 in 1,2-dichloroethane is added
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slowly to 5,6-dimethoxyindane-1,3-dione 8 suspended in a
solution of para-toluenesulfonic acid in benzene. The low
stationary concentration of the benzhydrol is indicated by
the fast disappearance of the purple color caused by the
intermediate 3,3�,4,4�-tetramethoxybenzhydryl cation. This
procedure affords the desired indanedione 14 in 81% yield.
However, gravity column chromatography is necessary to
remove the dialkylation product 15 (Scheme 4). Both dike-
tones were fully characterized by NMR spectroscopy and
mass spectrometry (see Exp. Sect.).

1H NMR spectroscopic and semiempirical studies by de
Winter and Nauta[41] have revealed that 2-(benzhydryl)ind-
ane-1,3-diones favorably adopt the gauche or anti confor-
mation. Based on the coupling constant measured for the
two aliphatic methyne protons, the gauche conformation
was attributed to 2-(benzhydryl)indane-1,3-diones bearing
no ortho substituents within the benzhydryl grouping (3J �
1.5�3.5 Hz). In contrast, the anti conformation is the most
stable state for derivatives with highly ortho-substituted
benzhydryl groupings (3J � 5.0�11.0 Hz). The electronic
nature of the substituents was found to play only a minor
role. In the present case, the 1H NMR spectrum of the ind-
anedione 14 displays a coupling constant of 3J � 2.0 Hz,
suggesting that the gauche conformation is preferred here,
in line with the absence of ortho substituents.[42]

Again in contrast to the synthesis of the parent system 1,
reduction of indanedione 14 by catalytic hydrogenation
using Urushibara nickel failed, and the use of palladium on
charcoal in deacidified methanol in the presence of pyri-
dine, in analogy to the reduction of 11 to 13, left the start-
ing material mainly unchanged. It is obvious that the sensi-
tivity of the electron-rich diketone toward acids at elevated
temperatures, combined with its intrinsic acidity as an easily
enolizable 1,3-diketone and the especially facile loss of
water from the alcohols derived from 14 is more critical
than in the absence of the methoxy substituents.

Hellwinkel and Bohnet[43] have reported the successful re-
duction of dibenzoylmethane to the corresponding dia-
stereomeric diols using diisobutylaluminum hydride (DI-
BAL-H), and use of this reagent followed by careful
workup allowed us to prepare 5,6-dimethoxy-2-(3,3�,4,4�-
tetramethoxybenzhydryl)indane-1,3-diol (16) in very good
yield (Scheme 5). According to 1H NMR spectroscopy, the
all-cis isomer is formed exclusively. Thus, the usefulness of
DIBAL-H to convert highly C�H-acidic 1,3-diketones into
the corresponding 1,3-diols is nicely confirmed. The forma-
tion of the all-cis isomer parallels the stereochemical out-
come of the catalytic reduction achieved previously in the
parent system by use of Urushibara nickel.[12a] Obviously,
and similar to catalytic hydrogenation, the hydride transfer
occurring in the adducts formed from the indane-1,3-dione
and the aluminum hydride reagent takes place preferentially
at the sterically less hindered side of the five-membered
ring.

The stereochemical identity of 16 is unequivocal. Both of
the benzylic protons (1-H and 3-H) are magnetically equiv-
alent and give rise to a relatively small vicinal coupling
(3J � 4.5 Hz) with 2-H. The vicinal coupling between the
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Scheme 5. (a) DIBAL-H, CH2Cl2, 20 °C, 48 h; (b) H3PO4/Celite
545, chlorobenzene, ∆T, 2 h; (c) H3PO4 (85%), chlorobenzene, ∆T,
2 h

latter proton and the benzhydrylic methyne proton is
characteristically large (3J � 12.2 Hz). Comparison with
the respective coupling constant observed for the corre-
sponding indane-1,3-dione 14 (3J � 2.0 Hz) suggests that
the all-trans diol 16 preferably exists in the anti confor-
mation. The 13C NMR spectrum confirms the molecular Cs

symmetry of the compound. Attempts to purify the indane-
diol 16 by recrystallization failed. However, it turned out
that the crude product can be used in the subsequent two-
fold cyclization without problems.

In the final step of this synthesis, cyclodehydration of the
indanediol 16 in refluxing chlorobenzene in the presence of
orthophosphoric acid generates a very complex mixture of
products. As discussed previously for the parent system, a
number of dehydration processes, among which 1,2-elimin-
ation of water may be dominant, compete with the desired
two-fold cyclodehydration reaction to produce 3. Neverthe-
less, 2,3,6,7,10,11-hexamethoxytribenzotriquinacene (3) was
isolated by repeated gravity column chromatography and
recrystallization from methanol as a colorless solid in 9%
yield based on the indanedione 14 (Scheme 5). This is re-
markably close to the yield (viz. 11%) obtained for the par-
ent hydrocarbon 1 under similar cyclodehydration con-
ditions. However, whereas 1 exhibits an extremely low solu-
bility, which facilitates its complete isolation by recrystalli-
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zation, the hexamethoxy derivative 3 is readily soluble in
the usual organic solvents.

Owing to its C3v symmetry, the 1H NMR spectrum of the
tribenzotriquinacene 3 displays only four resonances. Two
singlets correspond to the 18 methoxy and the six ortho
protons, respectively, and the remaining quadruplet (δ �
4.50 ppm) and doublet (δ � 4.75 ppm) reflect the protons
of the triquinacene core. Accordingly, the 13C NMR spec-
trum displays only six lines. The EI mass spectrum of 3
shows the molecular ion signal (m/z � 460) as the base
peak, as expected for a polycyclic aromatic radical cation.

Attempts to increase the yield of 3 led us to the idea of
using a solid support for the acid catalyst. However, when
the orthophosphoric acid was impregnated onto Celite 545,
the efficiency of the two-fold cyclodehydration was de-
creased to an absolute yield of 5%. Nevertheless, this
method allowed us to isolate the product of single cycliza-
tion, viz. the diindene 17, in 35% yield. It is assumed that
this compound is also formed as an intermediate in the ab-
sence of the solid support but that subsequent conversion
in the reaction mixture prevents its detection.

The formation of diindene 17 is remarkable since it essen-
tially parallels the single cyclization of all-cis-2-(benzhydryl)-
indane-1,3-diol in the case of the parent system.[12a] In that
case, however, the C�C double bond is located in the diqui-
nane ring junction (C-5a�C-10b),[12c] whereas in the pre-
sent case diindene 17 contains the double bond between C-
5a and C-6 (Scheme 5). The olefinic proton at C-6 resonates
at δ � 7.06 ppm, with a four-bond coupling of 1.1 Hz to a
methyne proton whose signal appears at δ � 4.98 ppm. The
finding that no coupling is observed with the other methyne
proton resonating at δ � 4.93 ppm suggests that the latter
is oriented at the endo side of the diindene framework.
Therefore, the doublet resonance at δ � 4.98 ppm is as-
signed to 10b-H and the singlet resonance at δ � 4.93 ppm
to 5-H. The number of resonances of tertiary and quater-
nary C atoms in the 13C NMR spectrum is in agreement
with the structure postulated for 17. Again, the EI mass
spectrum of 17 displays the molecular ion peak (m/z � 460)
as the largest signal. In contrast to the fully cyclized isomer
3, however, loss of a methoxy group generating ions (m/z �
429) is much more pronounced for 17, which indicates an
increased tendency of the radical cation 17·� to undergo
skeletal isomerization, as compared to ions 3·�.

Synthesis of 2,3,6,7,10,11-Hexamethoxy-12d-methyltri-
benzotriquinacene (4)

As shown in the previous section, the synthesis of hexa-
methoxytribenzotriquinacene 3 is associated with a low ef-
ficiency, similar to that of the parent hydrocarbon 1. There-
fore, the synthesis of the centro-methyl derivative 4 was ex-
plored, in view of the much more efficient access to the
methyl-substituted parent compound 2.[12a,13]

A direct step towards 4 is made by methylation of the
indanedione 14 at C-2, using methyl iodide and potassium
fluoride on Celite 545 in acetonitrile (Scheme 6),[44,45] giv-
ing 5,6-dimethoxy-2-methyl-2-(3,3�,4,4�-tetramethoxybenz-
hydryl)indane-1,3-dione (18) in 75% yield. However, prep-
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aration of large amounts of this compound is inefficient
because chromatographic purification of indanedione 14
cannot be avoided. Therefore, we developed an independent
synthesis of 18 focussing on the hitherto unknown 2-meth-
ylindane-1,3-dione 20 (Schemes 7 and 8).

Scheme 6. (a) CH3I, KF/Celite 545, MeCN, ∆T, 3 h

According to the procedure reported by Marquardt,[46]

condensation of veratrol (10) and methacrylic acid yields
5,6-dimethoxy-2-methylindan-1-one (19) on large scale (see
Exp. Sect.). At variance with the lower homologue 7, the
C-2 position of the 2-methylindan-1-one 19 was found not
to be inert under the oxidation conditions used to prepare
8 (see Scheme 2). Instead of the expected diketone 20, the 2-
hydroxyindane-1,3-dione 21 was isolated in moderate yield
(Scheme 7). IR and 1H NMR spectroscopy and EI mass
spectrometry confirm the identity of this previously un-
known compound. Remarkably, the most prominent frag-
mentation of the molecular ion 21·� (m/z � 236) corre-
sponds to the formal loss of CH3CO· (or CH3

· and CO) to
generate ions with m/z � 193, at variance to other simple
ionized indane-1,3-diones.[47]

Attempts to oxidize the benzylic methylene group of 19
by treatment with 2,3-dichloro-5,6-dicyano-para-benzo-
quinone (DDQ) in glacial acetic acid[48] also failed. Instead,
C-2 was oxidized again to generate the 1,6-addition product

Scheme 8. (a) Aqueous CH2O (37%), HCl, 60�70 °C, 7 h; (b) (1) NBS, dibenzoyl peroxide, benzene, ∆T, 3.5 h; (2) PPh3, benzene, ∆T,
24 h; (c) MeCHO, NEt3, CH2Cl2, 20 °C, 2 h; (d) (1) NaOMe, THF, ∆T, 2 h; (2) HCl (2 ), H2O; (e) I2, nitrobenzene, ∆T, 1 h or (e�) I2,
hν, EtOH, ∆T, 30 min
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Scheme 7. (a) PPA, 80 °C, 40 min; (b) CrO3, AcOH, H2O, 20 °C,
3 d; (c) DDQ, AcOH, 70 °C, 16 h

22 (Scheme 7), which readily precipitates from the reaction
mixture. The identity of this compound was confirmed by
IR, 1H and 13C NMR spectroscopy and EI mass spec-
trometry.

Due to the failure of this approach, we focussed on an
independent but direct access to 2-methylindane-1,3-di-
ones.[49] To this end, we developed a synthesis of 5,6-di-
methoxy-2-methylindane-1,3-dione (20) by adapting, in
part, steps of known methods, starting from 5,6-dimeth-
oxyphthalide (meta-meconine, 24) (Scheme 8).[50] This com-
pound was subjected to benzylic bromination with N-
bromosuccinimide,[51] and subsequent conversion into the
corresponding triphenyl(phthalid-3-yl)phosphonium bro-
mide 25,[52] which was obtained in 80% yield. This com-
pound was characterized by 1H and 13C NMR spectroscopy
and MALDI mass spectrometry, which indicate the integ-
rity of the phosphonium ion. Wittig reaction of 25 with
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acetaldehyde furnishes (E)-5,6-dimethoxy-3-ethylidene-
phthalide (26a). According to the 1H NMR spectrum of the
crude product, the stereoisomer 26b is also formed but can
be completely removed by recrystallization. The (E)/(Z) ra-
tio was found to depend strongly on the reaction con-
ditions, in accordance with previous reports.[53] Control
experiments showed that the (E) isomer is the product of
kinetic control, and can be converted into the equilibrium
mixture [(Z)/(E) � 93:7] by heating with iodine in nitroben-
zene or by irradiation in the presence of iodine (see Exp.
Sect.).[53,54] Although the photochemical isomerization led
to quantitative formation of the equilibrium mixture of 26a
and 26b, the (Z) isomer 26b could not be isolated in pure
form, in contrast to the (E) isomer 26a. The stereochemical
assignment is based on the increased steric interaction of
the ethylidene group and the downfield chemical shift of its
methyl resonance in the (E) isomer 26a.

The base-catalyzed rearrangement of 3-alkylidenephthal-
ide 26a to the 2-alkylindane-1,3-dione 20[55] takes place ef-
ficiently if the method of Nathanson[49a] is adapted and
tetrahydrofuran is used as a solvent, from which the sodium
salt of 20 precipitates (in contrast to the by-products).
Further workup gives the neutral compound 20 in good
yield. Thus, the four-step synthesis of 20 easily affords the
product in multigram amounts with an overall yield of 29%.

Alkylation of the indane-1,3-dione 20 with the benz-
hydrol 13 gives the desired 5,6-dimethoxy-2-methyl-2-
(3,3�,4,4�-tetramethoxybenzhydryl)indane-1,3-dione (18) in
81% yield after recrystallization (Scheme 9). In contrast to
the lower homologue 14, chromatographic purification is
not necessary in this case. NMR spectroscopy and mass
spectrometry confirm the identity of this non-enolizable
1,3-diketone.

Reduction of the indane-1,3-dione 18 with DIBAL-H
leads to the all-cis-2-benzhydrylindane-1,3-diol 27 in high
yield. Only one single diastereomer is observed, similarly to
the lower homologue 16. The mutual cis orientation of the
hydroxy groups was determined by 1H and 13C NMR spec-
troscopy, which reflect the molecular Cs symmetry of 27.
The 1H resonances of the six methoxy substituents are al-
most isochronous. The EI mass spectrum of the indane-1,3-
diol 27 is remarkable because it exhibits the loss of two
hydroxy radicals, generating fragment ions [M � 2 OH]·�

with m/z � 476. Such a process is highly unusual. (Alterna-
tive origins for the occurrence of the m/z � 476 peak, such
as loss of water from the [M·�] ions of a potential impurity,
a respective indane-1-ol, can be strictly excluded.) Elimin-
ation of two molecules of water (m/z � 474) occurs with a
similar rate, possibly leading to the molecular ion of the
tribenzotriquinacene 4, which exhibits similar fragmen-
tations (see below).

In the final step, the indane-1,3-diol 27 was subjected to
two-fold cyclodehydration with orthophosphoric acid in re-
fluxing chlorobenzene (Scheme 9). The desired polycycle,
2,3,6,7,10,11-hexamethoxy-12d-methyltribenzotriquinacene
(4), was obtained after recrystallization in a surprisingly
high yield (49%), which significantly exceeds that of the
parent hydrocarbon 2 upon cyclodehydration of the corre-
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Scheme 9. (a) pTsOH, benzene, ClCH2CH2Cl, ∆T, 2 h; (b) DIBAL-
H, toluene, 20 °C, 24 h; (c) H3PO4 (85%), chlorobenzene, ∆T, 2 h

sponding parent indane-1,3-diol (33%).[12a] One reason for
this finding may be the increased reactivity of the indane-
1,3-diol 27 owing to its electron-releasing methoxy substi-
tution, which may lead to relatively short reaction times.
However, it may be speculated that the two-fold syn confor-
mation of the benzhydryl group of 27, required for two-
fold cyclization to 4, is adopted preferentially by locking
it through complexation with orthophosphoric acid or its
higher condensates.

The C3v symmetry of compound 4 is nicely reflected by
the simple 1H and 13C NMR spectra. For example, the 1H
NMR spectrum of 4 exhibits only four singlet resonances.
The stability of the molecular ion 4·� (m/z � 474, 100%)
and the appearance of relatively abundant doubly charged
molecular ion 42� (m/z � 237, 12%) under EI conditions is
remarkable. The losses of CH3

· (m/z � 459) and of CH3O·

(m/z � 443) represent further characteristic fragmentation
channels of ions 4·�.

Molecular and Crystal Structure of 2,3,6,7,10,11-Hexa-
methoxy-12d-methyltribenzotriquinacene (4)

A sample of 2,3,6,7,10,11-hexamethoxy-12d-methyltri-
benzotriquinacene (4) was obtained in the form of single
crystals by recrystallization from methanol, and one of
these crystals was subjected to structure analysis by X-ray
diffraction.[56] The compound was found to form mono-
clinic crystals (space group P21/n). In contrast to the parent
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hydrocarbon 2, which aggregates in columnar stacks of
strictly C3v-symmetrical molecules bearing three planar in-
dane units,[20] the molecular structure of 4 has a shape that
markedly deviates from C3v or C3 symmetry. The three in-
dane units adopt out-of-plane distortions to different ex-
tents. Clearly, these findings have to be attributed to pack-
ing effects.

The crystal structure of the hexamethoxytribenzotriquin-
acene 4 is illustrated in Figure 1. The compound crystallizes
differently from both the parent hydrocarbon 2 (trigonal,
R3m)[20] and also the closely related cyclotriveratrylene 6
(monoclinic, C2/c)[57b] and its derivatives.[7,57] Obviously,
the presence of the methoxy groups at the molecular pe-
riphery prevents the stacking of the convex/concave mol-
ecules found in the case of 2. Similar to the non-methylated
analog 1, the ‘‘nor’’ compound 3 did not yield crystals suit-
able for X-ray structure analysis.

Figure 1. Crystal structure of tribenzotriquinacene 4, as deter-
mined by X-ray analysis and viewed along the a axis; hydrogen
atoms are omitted for clarity

Bridgehead and Limited Peripheral Substitution of
2,3,6,7,10,11-Hexamethoxy-12d-methyltribenzotriquinacene
(4)

The close structural relationship between 2,3,6,7,10,11-
hexamethoxy-12d-methyltribenzotriquinacene (4) and the
cyclotriveratrylene 6 offers an interesting opportunity to
compare the reactivities of these compounds. The latter has
mostly been studied with respect of the transformations of
the functional groups at the peripheral positions of the aro-
matic rings, whereas tribenzotriquinacenes, in general, have
been subjected also to bridgehead functionalization.[19�21]

In the following section, some examples are presented
which open a first access to three-fold bridgehead deriva-
tives of 4 and indicate some limitations concerning electro-
philic attack at the arene units. Partial cleavage of the meth-
oxy groups, which would lead to chiral phenolic derivatives
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of 2, in analogy to chiral derivatives or analogs of 6,[7�9,58]

has not been successful so far.[23] In addition, independent
studies of 4 and related multiply methoxy-substituted cen-
tropolyindanes were focussed on the directed degradation
of the veratrole nuclei by ozonolysis.[23,59]

Three-fold bridgehead bromination of 4 can be achieved
in virtually quantitative yield by a photoinduced radical
chain-reaction employing N-bromosuccinimide in tetra-
chloromethane or benzene (Scheme 10). As expected, the
tribromo derivative 28 is considerably more reactive than
its analog derived from the parent tribenzotriquinacene 2.
Thus, the sensitivity of tribromide 28 to hydrolysis impedes
its monitoring by thin layer chromatography. However, 1H
NMR spectroscopy of the crude product reflected its suf-
ficient purity for further use without recrystallization.

Scheme 10. (a) NBS, AIBN, benzene, hν, 45 min; (b) AlMe3,
benzene, 50 °C, 1 h; (c) H2SO4 (20%), THF ∆T, 3 h (see text)

Treatment of the tribromide 28, after careful removal of
residual bromine originating from its preparation and dis-
solution in benzene, with trimethylaluminum, in analogy to
the corresponding reaction in the parent system,[20] affords
the hexamethoxy-tetramethyltribenzotriquinacene 29 in
good yield. The 1H and 13C nuclei of the central methyl
group of 29 exhibit a strong upfield chemical shift due to
the presence of three strictly ecliptic methyl groups. Com-
pound 29 nicely adds to the series of tribenzotriquinacenes
that have all of their three benzhydrylic positions blocked
by methyl groups, thus allowing them to be subjected to
reactions which would otherwise oxidize the C�H bonds
of the benzhydrylic bridgeheads (e.g. nitration and bromin-
ation).[21,22]

Instead of blocking the outer bridgehead positions, di-
rected functionalization by hydroxy, alkoxy or acyloxy
groups could also be interesting. In fact, the tribromide 28
can be easily converted into the corresponding triol,
4b,8b,12b-trihydroxy-2,3,6,7,10,11-hexamethoxy-12d-meth-
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yltribenzotriquinacene (30), by hydrolysis with aqueous sul-
furic acid in tetrahydrofuran. Notably, the product obtained
by hydrolysis in the presence of silver() nitrate[60] was found
to be much more contaminated. Due to its poor solubility
in chloroform, the NMR spectra of 30 were determined
from [D4]methanol or, even better, from [D3]aceto-
nitrile. Again, these spectra reflect the high molecular sym-
metry of triol 30. Unfortunately, acetylation of this com-
pound by 4-(dimethylamino)pyridine and acetanhydride[61]

according to the protocol recommended by Karimi and Ser-
adj[62] for tertiary alcohols, in particular, was unsuccessful.
Although thin layer chromatography indicated complete
conversion of 30, column chromatography of the crude
product gave only the starting material. It is obvious that,
similar to the tribromide 28, the triacetate of triol 30 is
much more sensitive to hydrolysis than the previously de-
scribed triacetates of the parent system.[18b] Attempts to
prepare the triacetate of 30 directly from tribenzotriquin-
acene 4, for example with lead() acetate, also failed; oxi-
dation of 4 with 1 equiv. of lead() acetate yielded only
the corresponding monoalcohol, 4b-hydroxy-2,3,6,7,10,11-
hexamethoxy-12d-methyltribenzotriquinacene, which was
isolated by gravity column chromatography in 29% yield
(see Electronic Supporting Information, compound D; for
Supporting Information see also the footnote on the first
page of this article). Since the corresponding monoacetate
must have been generated under the conditions used,
heterolysis of the bridgehead C�O bond at the electron-
rich tribenzotriquinacene core during workup and/or
chromatography is particularly fast.

Another facet to be illuminated in the functionalization
of tribenzotriquinacenes concerns the substitution at the or-
tho positions, as the introduction of groups at these steri-
cally considerably hindered regions of the molecular periph-
ery of tribenzotriquinacenes and higher centropolyindanes
containing this framework has been achieved only in a very
few cases.[63,64] For example, nitration of 1 occurs readily at
the outer positions but very scarcely ortho to the triquin-
acene core.[64] Introduction of appropriate ortho substituents
could offer a possibility to enlarge the polycyclic framework
by bridging the three ‘‘bays’’ of the tribenzotriquinacene
skeleton by �C�C� and ortho-phenylene units. Special
goals in this respect are three-fold azo-bridged tribenzo-
triquinacenes as intereresting convex/concave dye units. For
example, compound 33 could be accessible via an appropri-
ate trinitro derivative of 4, such as 32, as depicted in
Scheme 11.

However, despite various attempts, nitration of the tri-
benzotriquinacene 4 did not occur without cleavage of the
triquinacene core. Treatment with 1 equiv. of copper()
nitrate in acetanhydride gave the product of single C�C
cleavage, the difuso-diindane 31, in good yield (Scheme 11),
whereas the use of an excess of this reagent and several
other reagent systems, including AcCl/AgNO3, Cu(NO3)2/
TFA and NaNO3/TFA (and also NaNO2/TFA), generated
highly complex product mixtures. The constitution of 31,
formed as a single stereoisomer, was unequivocally deter-
mined by NMR spectroscopy and mass spectrometry al-
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Scheme 11. (a) Cu(NO3)2·3H2O, Ac2O, 20 °C, 40 min; (b)�(e) see
text

though the stereoorientation of the acetoxy groups was not
proven rigorously. However, due to the strong steric shield-
ing of the concave face of the diindane by the pendant aryl
group, it can be safely assumed that the acetoxy substituent
has been attached from the convex (β) side.

Clearly, and different from the parent tribenzotriquinac-
enes, the particularly electron-rich derivative 4 suffers ipso
attack by the nitronium cation, giving rise to heterolytic
ring opening of the indane unit. Similar cleavage processes
occur with cyclotriveratrylene (6) under comparable con-
ditions, as reported by Sato et al.,[16] and indane itself has
been found to undergo ipso substitution under various con-
ditions.[65] It is interesting to note that, to the best of our
knowledge, no substitution of the free aromatic positions
of 6 has been reported previously other than the Claisen
rearrangement of the corresponding triallyl ethers;[66] cyclo-
tribenzylene (5) undergoes mononitration without ring
opening.[16b] Thus, the tempting possibility to construct
azo-bridged tribenzotriquinacenes remains elusive, all the
more so because other efforts, such as azo coupling, were
also unsuccessful.[23]

Finally, bromination of tribenzotriquinacene 4 was exam-
ined in preliminary experiments. Treatment of 4 with bro-
mine in glacial acetic acid gives a complex mixture of prod-
ucts. By contrast, use of N-bromosuccinimide in moist 2-
butanone, a standard method used in calixarene chemis-
try,[67] under argon and with exclusion of light, furnished
two products, which could be isolated by chromatography
in low yields (Scheme 12). Interestingly, one of them was
identified as 1-bromo-2,3,6,7,10,11-hexamethoxy-12d-
methyltribenzotriquinacene (34), that is, a product of single
ortho substitution which has eluded ring opening. The se-
cond product, however, turned out to be a cleavage product,
which obviously was formed by ipso attack followed by ring
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opening and subsequent oxidation. This parallels results by
Arnett and Klingensmith,[68] who observed that electron-
rich benzhydrols are cleaved by treatment with bromine to
give the corresponding bromobenzene and a carbonyl com-
pound as fragments. Due to the low amount of products,
their characterization remains incomplete although the
spectroscopic data unequivocally confirm their identity. The
stereochemistry of 35 is deduced from the preorientation of
the aromatic rings in the starting material and the reaction
conditions which suggest retention of configuration. Inter-
estingly, the generation of 34 and 35 was not reproducible
when anhydrous 2-butanone was used instead of the stand-
ard solvent.

Scheme 12. (a) NBS, 2-butanone (moist), 0 � 20 °C in the dark,
16 h (conversion 72%)

In contrast to the successful functionalization of the
bridgehead positions of tribenzotriquinacene 4, our at-
tempts to functionalize its ortho positions have remained
rather limited so far. Further efforts appear possible to in-
troduce functional groups into the three unusual 3D-bent
bays of this particular, electron-rich and conformationally
rigid, polycyclic molecule.[69]

Experimental Section

General: Melting points (uncorrected): Electrothermal Melting
Point Apparatus. Infrared (IR) spectra: Perkin�Elmer 841; KBr
pellets or NaCl plates. NMR spectroscopy: Bruker DRX 500; data
given as ppm; spectra referenced to the residual solvent peak. 1H
NMR spectra: 500.1 MHz; 13C NMR spectra: 125.8 MHz, broad
band decoupled, DEPT and APT method used generally. In some
cases, special NMR techniques were used (1H,1H COSY, HMBC,
HSQC). EI and/or CI mass spectra and accurate mass measure-
ments: Autospec X sector-field instrument with EBE geometry
(Vacuum Generators, Manchester, UK) equipped with a combined
EI and CI source. Samples were introduced in aluminum crucibles
with a direct inlet rod. Acceleration voltages 8 kV (EI) and 6 kV
(CI). Data given as intensities relative to the base peak. Otherioniz-
ation methods are detailed individually. Perfluorokerosine
(PFK) was used as a reference to determine the accurate masses.
MALDI-TOF mass spectra: VoyagerTM DE (PE Biosystems
GmbH, Weiterstadt, Germany) equipped with an LSI-N2 laser
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(λ � 337 nm, pulse duration 3 ns, repetition rate 3 Hz). Combus-
tion analysis: Perkin�Elmer model 240. Hydrogenation reactions:
Parr apparatus type HyP series 77 (Gerhardt, Bonn, Germany).
Kugelrohr distillation: Büchi model GKR-5. Photolamp used for
photobromination: Philips PF 318E/44, 500 W. Thin layer chroma-
tography: Silica gel (Kieselgel 60 F254) on Al foil (Merck). Gravity
column chromatography: Silica gel (Kieselgel 60, � �

0.063�0.200 mm, J. T. Baker, Macherey�Nagel, or Merck). Flash
chromatography: Silica gel (Kieselgel 60, � � 0.063 mm) for col-
umn chromatography (Merck). Alkylation by use of ‘‘KF/Celite’’:
Celite (Kieselgur) 545 (Fluka). Cyclodehydration reactions: Poly-
phosphoric acid (Merck-Schuchardt). Hydrogenation reactions:
Palladium on charcoal (10% Pd) (Aldrich). All solvents were puri-
fied by distillation before use and dried according standard pro-
cedures where necessary.[70]

2,3-Dihydro-5,6-dimethoxy-1H-indene-1,3-dione (8): A solution of
5,6-dimethoxyindan-1-one (7) [27] (38.4 g, 200 mmol) in 500 mL of
acetic acid and 100 mL of water was stirred and cooled in an ice
bath while chromium() oxide (140 g, 1.40 mol) was added in por-
tions over a period of about 2 h. The temperature of the reaction
mixture was kept below 15 °C due to the exothermicity of the reac-
tion. Stirring was continued at ambient temperature for 3 d. After
addition of 2-propanol (100 mL) and stirring for a further 1 h, the
solution was concentrated to dryness under reduced pressure at a
bath temperature of � 50 °C. The residue was dissolved in 800 mL
of water and the solution extracted with dichloromethane (1 �

800 mL and 5 � 400 mL). The extracts were washed with 400 mL
of water, dried with sodium sulfate and concentrated to a volume
of ca. 80 mL. The crude product was precipitated by addition of
n-hexane (200 mL), separated by suction filtration and dried in va-
cuo to give pure 8 (yield 22.3 g, 54%) as a pale-yellow solid, m.p.
267 °C (267 °C[25b,25c]), Rf (n-hexane/EtOAc, 1:1) � 0.55. 1H NMR
(500.1 MHz, CDCl3): δ � 3.19 (s, 2 H), 4.03 (s, 6 H), 7.33 (s, 2 H)
ppm. 1H NMR (500.1 MHz, [D6]DMSO) δ � 3.24 (s, 2 H), 3.95
(s, 6 H), 7.33 (s, 2 H) ppm. 13C NMR (125.8 MHz, CDCl3): δ �

44.7 (CH2), 56.7 (CH3), 103.2 (CH), 138.4 (C), 155.8 (C), 196.6 (C)
ppm. 13C NMR (125.8 MHz, [D6]DMSO): δ � 44.5 (CH2), 56.3
(CH3), 103.2 (CH), 137.6 (C), 155.2 (C), 196.6 (C) ppm. IR (KBr):
ν̃ � 2989 cm�1, 2957, 2843, 1724, 1690, 1589, 1499, 1474, 1462,
1306, 1245, 1233, 1219, 1117, 1093, 1012, 865, 849, 731. MS (EI,
70 eV): m/z (%) � 206 (100) [M·�], 191 (26), 164 (14), 150 (25), 136
(38), 135 (34), 121 (13), 119 (17), 107 (10), 93 (17), 78 (10), 75 (10),
50 (20). C11H10O4 (206.20): calcd. C 64.07, H 4.89; found C 63.97,
H 4.70.

Bis(3,4-dimethoxyphenyl)methanone (11): Polyphosphoric acid
(400 g) was heated to 80 °C in a three-necked flask (500 mL)
equipped with a mechanical glass stirrer. 1,2-Dimethoxybenzene
(10) (34.6 g, 250 mmol) and then 3,4-dimethoxybenzoic acid (9)
(45.5 g, 250 mmol) were added, the mixture was stirred at 80 °C
for 30 min and then, before cooling, carefully poured onto 2.0 L of
ice/water. The brownish precipitate was filtered by suction, dried
and recrystallized twice from ethanol to give 11 (58.4 g, 77%) as a
light-brown solid, m.p. 147 °C (144�146 °C[34b]), Rf (n-hexane/
EtOAc, 3:1) � 0.15. 1H NMR (500.1 MHz, CDCl3): δ � 3.92 (s, 6
H), 3.94 (s, 6 H), 6.87 (d, 3JH,H � 8.2 Hz, 2 H), 7.36 (dd, 3JH,H �

8.2, 4JH,H � 1.9 Hz, 2 H), 7.40 (d, 4JH,H � 1.9 Hz, 2 H) ppm. 13C
NMR (125.8 MHz, CDCl3): δ � 56.00 (CH3), 56.03 (CH3), 109.6
(CH), 112.2 (CH), 124.7 (CH), 130.7 (C), 148.8 (C), 152.5 (C),
194.4 (C) ppm. IR (KBr): ν̃ � 3081 cm�1, 3005, 2975, 2938, 1754,
1632, 1574, 1511, 1465, 1451, 1416, 1295, 1240, 1220, 1170, 1151,
1141, 1122, 1022, 892, 880, 818, 795, 771, 750, 724, 619. MS (EI,
70 eV): m/z (%) � 302 (100) [M·�], 271 (41), 165 (99), 137 (16), 79
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(14), 77 (14). C17H18O5 (302.33): calcd. C 67.54, H 6.00; found C
67.45, H 5.99.

Bis(3,4-dimethoxyphenyl)methane (12): Palladium on charcoal
(1.00 g, 10% Pd, oxidic form) was added to a solution of benzo-
phenone 11 (12.1 g, 40.0 mmol) in 400 mL of glacial acetic acid.
The suspension was shaken in a Parr apparatus under hydrogen
(6.0 bar, 20 °C) for 3 d. The solution was then filtered through silica
gel (Kieselgel 60, � � 0.063 mm, Merck) and the filter washed
with dichloromethane. The combined solutions were concentrated
to dryness and the residue obtained was recrystallized from meth-
anol to give 12 as a colorless solid (9.39 g, 81%), m.p. 68�69 °C
(69�71 °C[34b]), Rf (n-hexane/EtOAc, 1:1) � 0.64. 1H NMR
(500.1 MHz, CDCl3): δ � 3.83 (s, 6 H), 3.86 (s, 6 H), 3.88 (s, 2 H),
6.70 (d, 4JH,H � 2.1 Hz, 2 H), 6.72 (dd, 3JH,H � 8.0, 4JH,H �

2.1 Hz, 2 H), 6.80 (d, 3JH,H � 8.0 Hz, 2 H) ppm. 13C NMR
(125.8 MHz, CDCl3): δ � 41.0 (CH2), 55.8 (CH3), 55.9 (CH3),
111.1 (CH), 112.1 (CH), 120.7 (CH), 133.9 (C), 147.3 (C), 148.9
(C) ppm. IR (KBr): ν̃ � 2968 cm�1, 2942, 2897, 2845, 1608, 1589,
1513, 1466, 1449, 1417, 1334, 1295, 1242, 1201, 1188, 1154, 1135,
1027, 852, 816, 800, 770, 640. MS (EI, 70 eV): m/z (%) � 288 (100)
[M·�], 287 (8), 273 (6), 257 (47), 242 (6), 241 (11), 213 (5), 199 (6),
166 (5), 151 (19), 144 (6), 128 (9), 115 (10), 107 (5).

Bis(3,4-dimethoxyphenyl)methanol Monohydrate (13·H2O): The
benzophenone 11 (24.2 g, 80.0 mmol) was suspended in methanol
(400 mL), which had been deacidified by passing it through basic
alumina. Pyridine (0.50 mL) and palladium on charcoal (1.40 g,
10% Pd, oxidic form) were then added and the mixture was shaken
under hydrogen in a Parr apparatus (6.0 bar, 20 °C) for 7 d. The
suspension was then filtered through silica gel (Kieselgel 60, � �

0.063 mm, Merck) and the filter washed with deacidified methanol
(see above). Removal of the solvent under reduced pressure gave a
residue which was recrystallized from toluene (technical grade) to
furnish the monohydrate of 13 (23.6 g, 92%) as a colorless solid,
m.p. 84�85 °C (95 °C[35a]), Rf (n-hexane/EtOAc, 1:1) � 0.34. 1H
NMR (500.1 MHz, CDCl3): δ � 1.94 (br. s, ca. 2 H, OH), 3.85 (s,
6 H), 3.87 (s, 6 H), 5.75 (s, 1 H), 6.82 (d, 3JH,H � 8.2 Hz, 2 H), 6.88
(dd, 3JH,H � 8.2, 4JH,H � 1.8 Hz, 2 H), 6.92 (d, 4JH,H � 1.8 Hz, 2
H) ppm. 13C NMR (125.8 MHz, CDCl3): δ � 55.85 (CH3), 55.91
(CH3), 75.7 (CH), 109.7 (CH), 110.9 (CH), 118.9 (CH), 136.6 (C),
148.4 (C), 149.0 (C) ppm. IR (KBr): ν̃ � 3560 cm�1, 3356, 3010,
2973, 2948, 2843, 1643, 1606, 1593, 1515, 1466, 1442, 1418, 1305,
1254, 1232, 1132, 1068, 1020, 870, 862, 813, 776, 767, 757, 645. MS
(EI, 70 eV): m/z (%) � 304 (93) [M·�], 302 (12), 288 (87), 287 (32),
273 (10), 263 (12), 257 (39), 241 (11), 167 (11), 165 (100), 151 (30),
139 (91), 138 (39), 135 (17), 128 (10), 121 (10), 115 (11), 107 (10).
Accurate mass by EI-MS (C17H20O5): calcd. 304.1311; found
304.1329. C17H20O5 (304.35): calcd. C 67.09, H 6.62;
C17H20O5·H2O (322.36): calcd. C 63.34, H 6.88; found C 63.36,
H 7.08.

Disproportionation of Bis(3,4-dimethoxyphenyl)methanol (13): A
solution of 3,3�,4,4�-tetramethoxybenzhydrol monohydrate,
13·H2O, (645 mg, 2.00 mmol) and para-toluenesulfonic acid
monohydrate (38.0 mg, 200 µmol) in 50 mL of toluene (p.a.) was
heated to reflux for 2 h. The water was removed by use of a
Thiele�Pape extractor filled with molecular sieves (4 Å). The reac-
tion mixture was allowed to cool to ambient temperature and then
washed twice with 25 mL of aqueous sodium hydroxide (2 ) and
once with 25 mL of water, then dried with sodium sulfate and con-
centrated to dryness. The residue was subjected to gravity column
chromatography (hexanes/EtOAc, 1:1). Besides diveratrylmethane
(12) (82.0 mg, 14%) and 3,3�,4,4�-tetramethoxybenzophenone (11)
(160 mg, 26%), a third fraction [96.0 mg, Rf (n-hexane/EtOAc,
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1:1) � 0.11] was obtained containing several condensation prod-
ucts, as indicated by mass spectrometry.[23]

2-[Bis(3,4-dimethoxyphenyl)methyl]-5,6-dimethoxy-1H-indene-
1,3(2H)-dione (14): A solution of the indane-1,3-dione 8 (3.61 g,
17.5 mmol) and para-toluenesulfonic acid monohydrate (380 mg,
2.00 mmol) in 100 mL of benzene (p.a.) was heated to reflux in a
flask equipped with a Thiele�Pape extractor containing molecular
sieves (4 Å). A solution of 13·H2O (6.45 g, 20.0 mmol) in 80 mL of
1,2-dichloroethane, formed by gentle warming, was added slowly.
At the beginning of the reaction, purple streaks formed in the yel-
low reaction solution but vanished immediately due to the stirring.
Towards the end of the addition, the reaction mixture turned red
brown. Heating was continued for 1 h and the mixture was then
allowed to cool. It was washed with water, dried with sodium sul-
fate and concentrated to dryness. The residue obtained was purified
by column chromatography (EtOAc) and the product collected was
recrystallized from methanol to furnish 14 (6.94 g, 81%) as a light
yellow solid, m.p. 107�108 °C, Rf (EtOAc) � 0.81, Rf (n-hexane/
EtOAc, 1:1) � 0.27. 1H NMR (500.1 MHz, CDCl3): δ � 3.75 (m,
7 H), 3.77 (s, 6 H), 3.94 (s, 6 H), 4.94 (d, 3JH,H � 2.0 Hz, 1 H), 6.68
(d, 3JH,H � 8.4 Hz, 2 H), 6.85 (dd, 3JH,H � 8.3, 4JH,H � 1.9 Hz, 2
H), 6.91 (d, 4JH,H � 1.9 Hz, 2 H), 7.17 (s, 2 H) ppm. 1H NMR
(500.1 MHz, C6D6): δ � 3.03 (s, 6 H), 3.31 (s, 6 H), 3.49 (s, 6 H),
3.73 (d, 3JH,H � 2.3 Hz, 1 H), 5.45 (d, 3JH,H � 2.0 Hz, 1 H), 6.57
(d, 3JH,H � 8.2 Hz, 2 H), 7.01 (s, 2 H), 7.26 (d, 4JH,H � 1.9 Hz, 2
H), 7.29 (dd, 3JH,H � 8.2, 4JH,H � 2.0 Hz, 2 H) ppm. 1H NMR
(500.1 MHz, [D6]DMSO): δ � 3.61 (s, 6 H), 3.66 (s, 6 H), 3.91 (s,
6 H), 4.12 (d, 3JH,H � 2.7 Hz, 1 H), 4.79 (d, 3JH,H � 2.6 Hz, 1 H),
6.75 (dd, 3JH,H � 8.3, 4JH,H � 1.8 Hz, 2 H), 6.78 (d, 3JH,H �

8.5 Hz, 2 H), 6.90 (d, 4JH,H � 1.7 Hz, 2 H), 7.30 (s, 2 H) ppm. 13C
NMR (125.8 MHz, CDCl3): δ � 49.3 (CH), 55.7 (4 CH3), 56.6 (2
CH3), 58.0 (CH), 103.0 (CH), 110.6 (CH), 112.2 (CH), 121.0 (CH),
134.0 (C), 137.7 (C), 147.4 (C), 148.3 (C), 155.8 (C), 198.8 (C) ppm.
13C NMR (125.8 MHz, C6D6): δ � 50.0 (CH), 55.4 (4 CH3), 55.5
(2 CH3), 58.4 (CH), 103.3 (CH), 112.0 (CH), 114.0 (CH), 121.7
(CH), 135.1 (C), 138.1 (C), 148.9 (C), 149.9 (C), 156.1 (C), 198.7
(C) ppm. IR (KBr): ν̃ � 3094 cm�1, 3002, 2952, 2911, 2837, 1728,
1690, 1582, 1518, 1463, 1445, 1416, 1318, 1263, 1238, 1227, 1202,
1177, 1141, 1114, 1039, 1026, 990, 858, 845, 767, 636. MS (EI,
70 eV): m/z (%) � 492 (16) [M·�], 287 (100), 257 (8), 241 (5), 206
(5), 181 (12), 165 (6), 151 (7), 149 (12), 136 (7). C28H28O8 (492.53):
calcd. C 68.28, H 5.73; found C 68.01, H 5.86.

2,2-Bis[bis(3,4-dimethoxyphenyl)methyl]-5,6-dimethoxy-1H-indene-
1,3(2H)-dione (15): Besides single alkylation, the reaction of the
indanedione 8 and the benzhydrol 13 gave rise to dialkylation to
produce varying amounts of the bis(benzhydryl)indanedione 15.
This compound was obtained by gravity column chromatography.
It was isolated as a yellow solid after recrystallization from meth-
anol, m.p. 128�129 °C, Rf (EtOAc) � 0.63. 1H NMR (500.1 MHz,
CDCl3): δ � 3.71 (s, 12 H), 3.75 (s, 12 H), 3.85 (s, 6 H), 4.63 (s, 2
H), 6.54 (d, 3JH,H � 8.4 Hz, 4 H), 6.84 (dd, 3JH,H � 8.3, 4JH,H �

1.9 Hz, 4 H, 6.89 (d, 4JH,H � 1.8 Hz, 4 H), 6.91 (s, 2 H) ppm. 13C
NMR (125.8 MHz, CDCl3): δ � 55.57 (4 CH3), 55.61 (4 CH3),
55.7 (CH), 56.4 (CH3), 67.3 (C), 102.0 (CH), 110.5 (4 CH), 113.0
(4 CH), 122.1 (4 CH), 132.5 (4 C), 138.1 (C), 147.2 (4 C), 148.0 (4
C), 155.6 (C), 203.4 (C) ppm. IR (KBr): ν̃ � 2941 cm�1, 2838,
1728, 1688, 1578, 1514, 1459, 1314, 1264, 1144, 1114, 1028, 810,
768, 646. MS (EI, 70 eV): m/z (%) � 778 (1) [M·�], 492 (3), 491
(2), 490 (2), 287 (100), 257 (14), 241 (4), 151 (4). C45H46O12

(778.86): calcd. C 69.40, H 5.95; found C 69.33, H 6.14.

all-cis-2-[Bis(3,4-dimethoxyphenyl)methyl]-5,6-dimethoxyindane-
1,3-diol (16): A solution of the indane-1,3-dione 14 (4.93 g,
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10.0 mmol) in 100 mL of dichloromethane (p.a.) was stirred under
argon and cooled in an ice bath while a solution of diisobutylalumi-
num hydride (25.0 mL, 25.0 mmol; 1.0  in dichloromethane) was
added dropwise. The mixture was stirred at ambient temperature
for 48 h. After careful addition of water (100 mL), the inorganic
precipitate was filtered off by suction and washed repeatedly with
dichloromethane. The combined organic solutions were washed
with water, dried with sodium sulfate and concentrated to dryness
to give the crude product 16 (4.63 g, ca. 93%) as a colorless oil,
which can be used directly for cyclodehydration. Rf (EtOAc) �

0.47. 1H NMR (500.1 MHz, CDCl3): δ � 1.98 (br. s, 2 H), 2.91
(dt, 3JH,H � 12.2, 3JH,H � 4.5 Hz, 1 H), 3.83 (s, 6 H), 3.84 (s, 6
H), 3.85 (s, 6 H), 4.42 (d, 3JH,H � 12.2 Hz, 1 H), 4.75 (d, 3JH,H �

4.5 Hz, 2 H), 6.82 (d, 3JH,H � 8.2 Hz, 2 H), 6.90 (s, 2 H), 6.99 (d,
4JH,H � 2.1 Hz, 2 H), 7.01 (dd, 3JH,H � 8.2, 4JH,H � 2.1 Hz, 2 H)
ppm. 13C NMR (125.8 MHz, CDCl3): δ � 46.3 (CH), 55.2 (CH),
55.85 (CH3), 55.87 (CH3), 56.0 (CH3), 75.4 (CH), 107.6 (CH), 111.4
(CH), 111.6 (CH), 120.5 (CH), 135.8 (C), 137.3 (C), 147.6 (C),
149.0 (C), 150.2 (C) ppm. IR (KBr): ν̃ � 3502 cm�1, 2938, 2839,
1606, 1590, 1513, 1463, 1416, 1263, 1142, 1106, 1026, 857, 813. MS
(EI, 70 eV): m/z (%) � 496 (6) [M·�], 478 (8), 476 (5), 462 (8), 461
(10), 460 (27), 445 (7), 429 (20), 327 (6), 311 (9), 287 (100), 257 (9),
191 (25), 178 (14), 165 (6), 151 (12), 150 (7), 40 (5). Accurate mass
by EI-MS (C28H32O8): calcd. 496.2097; found 496.2118.

2,3,6,7,10,11-Hexamethoxy-4b,8b,12b,12d-tetrahydrodibenzo-
[2,3:4,5]pentaleno[1,6-ab]indene (2,3,6,7,10,11-Hexamethoxytriben-
zotriquinacene, 3): Chlorobenzene (100 mL) and orthophosphoric
acid (85%; 1.00 mL) were heated to reflux in a two-necked flask
equipped with a dropping funnel and a Thiele�Pape extractor
filled with molecular sieves (4 Å). A solution of indane-1,3-diol 16
(4.63 g, ca. 9.0 mmol of the crude product described above),
formed by gentle warming in 50 mL of chlorobenzene, was added
dropwise. After the addition was complete, the mixture was heated
to reflux for 1 h and then allowed to cool. The mixture was washed
twice with 2  aqueous sodium hydroxide (50.0 mL) and once with
water (50.0 mL), then dried with sodium sulfate and concentrated
to dryness. The residue obtained was purified by repeated gravity
column chromatography (hexanes/EtOAc, 1:2 and 1:1, and then
CHCl3/EtOAc, 10:1). Recrystallization of the product thus ob-
tained from methanol yielded tribenzotriquinacene 3 (425 mg, 9%
from 14) as a colorless solid, m.p. 228�229 °C, Rf (n-hexane/
EtOAc, 1:2) 0.49, Rf (n-hexane/EtOAc, 1:1) � 0.17, Rf (CHCl3/
EtOAc, 10:1) � 0.61. 1H NMR (500.1 MHz, CDCl3): δ � 3.85 (s,
18 H), 4.50 (q, 3JH,H � 9.4 Hz, 1 H), 4.75 (d, 3JH,H � 9.4 Hz, 3
H), 6.89 (s, 6 H) ppm. 13C NMR (125.8 MHz, CDCl3): δ � 53.6
(CH), 55.5 (3 CH), 56.2 (CH3), 107.2 (CH), 137.7 (C), 149.0 (C)
ppm. IR (KBr): ν̃ � 2938 cm�1, 2832, 1607, 1500, 1465, 1293,
1242, 1218, 1189, 1151, 1079, 1020, 979, 843, 781, 761. MS (EI,
70 eV): m/z (%) � 460 (100) [M·�], 445 (12), 429 (18), 354 (9), 230
(11), 181 (14), 166 (12), 165 (9), 151 (8), 149 (19). Accurate mass
by EI-MS (C28H28O6): calcd. 460.1886; found 460.1879. C28H28O6

(460.53): calcd. C 73.03, H 6.13; found C 71.68, H 5.94.

Cyclodehydration of all-cis-2-[Bis(3,4-dimethoxyphenyl)methyl]-5,6-
dimethoxyindane-1,3-diol (16) by Use of Orthophosphoric Acid on
Celite: Celite 545 (20.0 g) was suspended in a solution of 10 mL of
orthophosphoric acid (85%) in 100 mL of water. After removal of
the water under reduced pressure, the residue was dried in vacuo
over phosphorus pentoxide. Chlorobenzene (50.0 mL) and ortho-
phosphoric acid/Celite 545 (0.50 g) were heated to reflux in a two-
necked flask equipped with a dropping funnel and a Thiele�Pape
extractor filled with molecular sieves (4 Å). A solution of indane-
1,3-diol 16 (1.14 g, ca. 2.2 mmol of the crude product described
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above), formed by gentle warming in 20 mL of chlorobenzene, was
added dropwise. After the addition was complete, the mixture was
heated to reflux for 1 h and then allowed to cool. It was washed
twice with 2  aqueous sodium hydroxide (20.0 mL) and then once
with water (20.0 mL), dried with sodium sulfate and concentrated
to dryness. The residue was subjected to gravity column chromatog-
raphy (n-hexane/EtOAc, 1:2), giving diindene 17 as the major prod-
uct and tribenzotriquinace 3 as the minor one.

5-(3,4-Dimethoxyphenyl)-2,3,8,9-tetramethoxy-5,10b-dihydroindeno-
[1,2-a]indene (17): The major product obtained by chromatography
(see above) was recrystallized from methanol, giving 17 as a light-
brown solid (401 mg, 35% from 14), m.p. 174�175 °C, Rf (n-hex-
ane/EtOAc, 1:2) 0.76. 1H NMR (500.1 MHz, CDCl3): δ � 3.818
(s, 3 H), 3.822 (s, 3 H), 3.826 (s, 3 H), 3.87 (s, 3 H), 3.92 (s, 3 H),
3.96 (s, 3 H), 4.93 (s, 1 H), 4.98 (d, 4JH,H � 1.2 Hz, 1 H), 6.61 (d,
4JH,H � 2.0 Hz, 1 H), 6.80�6.79 (m, 3 H), 6.84�6.83 (m, 1 H),
6.89 (s, 1 H), 7.06 (d, 4JH,H � 1.1 Hz, 1 H), 7.28 (s, 1 H) ppm. 13C
NMR (125.8 MHz, CDCl3): δ � 48.7 (CH), 55.76 (CH3), 55.83
(CH3), 55.99 (CH3), 56.04 (CH3), 56.1 (CH3), 56.6 (CH3), 57.8
(CH), 105.2 (CH), 107.0 (CH), 108.5 (CH), 108.6 (CH), 110.6
(CH), 111.2 (CH), 119.0 (CH), 123.3 (CH), 130.8 (C), 135.2 (C),
136.7 (C), 139.4 (C), 141.0 (C), 146.9 (C), 147.6 (C), 148.6 (C),
148.81 (C), 148.84 (C), 148.9 (C), 158.1 (C) ppm. IR (KBr): ν̃ �

3009 cm�1, 2997, 2927, 2856, 2837, 1606, 1515, 1487, 1468, 1442,
1332, 1316, 1297, 1280, 1265, 1235, 1217, 1183, 1173, 1140, 1100,
1073, 1024, 986, 866, 856, 783. MS (EI, 70 eV): m/z (%) � 460
(100) [M·�], 445 (10), 429 (77), 323 (6), 311 (15), 230 (10), 215 (8),
151 (9). Accurate mass by EI-MS (C28H28O6): calcd. 460.1886;
found 460.1886. The minor product, tribenzotriquinacene (3,
58.0 mg, 5% from 14), was found to have the same analytical data
as the compound synthesized in 9% yield by use of orthophos-
phoric acid in chlorobenzene (see above).

5,6-Dimethoxy-2-methylindan-1-one (19):[46] Polyphosphoric acid
(350 g) was heated to 80 °C and stirred by means of a mechanical
stirrer, while 1,2-dimethoxybenzene (10, 69.1 g, 500 mmol) and
methacrylic acid (44.0 g, 500 mmol) were added. After stirring for
40 min at 80 °C, the mixture was carefully poured onto ca. 1000 mL
of ice/water. The mixture was extracted with toluene (6 H 200 mL).
The combined extracts were washed with 2  aqueous sodium hy-
droxide and then with water, dried with sodium sulfate and concen-
trated to dryness. The residue was recrystallized twice from 2-pro-
panol (2 � 500 mL) to give 19 (40.5 g, 39%) as a light-brown solid,
m.p. 133 °C (133.5�134 °C [46a]), Rf (n-hexane/EtOAc, 1:1) � 0.60.
1H NMR (500.1 MHz, CDCl3): δ � 1.30 (d, 3JH,H � 7.4 Hz, 3 H),
2.64 (dd, 2JH,H � 16.8, 3JH,H � 3.5 Hz, 1 H), 2.70 (m, 1 H), 3.31
(dd, 2JH,H � 16.8, 3JH,H � 7.4 Hz, 1 H), 3.91 (s, 3 H), 3.97 (s, 3
H), 6.87 (s, 1 H), 7.18 (s, 1 H) ppm. 13C NMR (125.8 MHz,
CDCl3): δ � 16.7 (CH3), 34.8 (CH2), 42.2 (CH), 56.1 (CH3), 56.2
(CH3), 104.4 (CH), 107.4 (CH), 129.0 (C), 148.7 (C), 149.4 (C),
155.5 (C), 208.3 (C) ppm. IR (KBr): ν̃ � 2969 cm�1, 2938, 2874,
2844, 1686, 1591, 1500, 1466, 1445, 1434, 1424, 1365, 1323, 1294,
1261, 1240, 1215, 1181, 1125, 1085, 1046, 1001, 870, 836, 797, 766.
MS (EI, 70 eV): m/z (%) � 206 (100) [M·�], 205 (19), 191 (92), 178
(12), 163 (27), 135 (18), 107 (15), 105 (11), 103 (13), 91 (25), 89
(13), 77 (15), 63 (11), 39 (11). C12H14O3 (206.24): calcd. C 69.89,
H 6.84; found C 69.79, H 6.80.

2-Hydroxy-5,6-dimethoxy-2-methyl-1H-indene-1,3(2H)-dione (21):
A solution of the indan-1-one 19 (20.6 g, 100 mmol) in 250 mL of
glacial acetic acid and 50 mL of water was cooled in an ice bath
whilst being stirred by a mechanical stirrer, and chromium() oxide
(70.0 g, 700 mmol) was added in small portions over a period of �

2 h. During the addition the temperature of the mixture was kept
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below 15 °C due to the exothermicity of the reaction. Stirring was
continued at ambient temperature for 3 d. After addition of 2-pro-
panol (100 mL) and continued stirring for 1 h, the mixture was
concentrated to dryness under reduced pressure at a bath tempera-
ture of � 50 °C and the residue was redissolved in 400 mL of water.
This solution was extracted once with 400 mL, and then five times
with 200 mL, of dichloromethane. The combined extracts were
washed with water, dried with sodium sulfate and then concen-
trated to a volume of ca. 40 mL. Addition of n-hexane (ca. 100 mL)
formed a precipitate, which was collected by suction filtration and
dried in vacuo to furnish 21 (6.80 g, 29%) as a colorless solid, m.p.
201 °C, Rf (n-hexane/EtOAc, 1:1) � 0.34. 1H NMR (500.1 MHz,
CDCl3): δ � 1.48 (s, 3 H), 2.96 (br. s, 1 H, OH), 4.01 (s, 6 H), 7.31
(s, 2 H) ppm. 13C NMR (125.8 MHz, CDCl3): δ � 21.8 (CH3),
56.8 (CH3), 74.5 (C), 103.9 (CH), 134.7 (C), 156.7 (C), 198.8 (C)
ppm. IR (KBr): ν̃ � 3492 cm�1, 3086, 2990, 2945, 2841, 1741,
1703, 1579, 1503, 1466, 1320, 1242, 1223, 1166, 1103, 999, 773, 756.
MS (EI, 70 eV): m/z (%) � 236 (80) [M·�], 193 (100), 165 (26), 164
(7), 150 (6), 137 (7), 136 (9), 122 (6), 93 (7), 79 (8), 77 (9), 51 (6),
50 (9), 43 (29). C12H12O5 (236.23): calcd. C 61.02, H 5.12; found
C 60.73, H 5.16.

4,5-Dichloro-3-[(5,6-dimethoxy-2-methyl-1-oxo-2,3-dihydro-1H-
inden-2-yl)oxy]-6-hydroxyphthalonitrile (22): A solution of the 1-in-
danone 19 (2.06 g, 10.0 mmol) in 100 mL of glacial acetic acid was
stirred while a solution of 2,3-dichloro-5,6-dicyano-para-benzo-
quinone (2.38 g, 10.5 mmol) in 100 mL of the same solvent was
slowly added dropwise. After the addition was complete, the mix-
ture was heated to 70 °C for 16 h and then cooled. The precipitate
formed was collected by suction filtration, washed with a small
amount of glacial acetic acid and dried in vacuo to yield 22 as a
colorless solid (2.31 g, 53%), m.p. 218�219 °C, Rf (EtOAc) � 0.18.
1H NMR (500.1 MHz, [D6]DMSO): δ � 1.63 (s, 3 H), 3.79 (s, 3
H), AB spin system (δA � 3.49, δB � 3.32, 2JH,H � 17.5 Hz, 2 H),
3.87 (s, 3 H), 7.10 (s, 2 H) ppm. 13C NMR (125.8 MHz,
[D6]DMSO): δ � 24.0 (CH3), 55.7 (CH3), 56.1 (CH3), 90.1 (C),
102.0 (C), 104.8 (CH), 108.2 (CH), 110.3 (C), 113.6 (C), 113.8 (C),
125.2 (C), 128.7 (C), 135.8 (C), 145.8 (C), 147.6 (C), 149.7 (C),
154.9 (C), 156.5 (C), 198.7 (C) ppm. IR (KBr): ν̃ � 3437 cm�1,
2928, 2237, 1677, 1607, 1591, 1503, 1458, 1438, 1420, 1336, 1279,
1229, 1114, 1058, 1012, 901, 787, 678. MS (EI, 70 eV): m/z (%) �

436 (1) [{37Cl2}M·�], 434 (2) [{35Cl37Cl}M·�], 432 (2) [{35Cl2}M·�],
402 (1), 400 (2), 398 (5), 396 (1), 232 (6), 230 (36), 228 (56), 205
(85), 204 (100), 202 (17), 200 (27), 189 (21), 177 (10), 176 (19), 161
(16), 146 (13), 133 (18), 118 (12), 115 (13), 110 (12). C20H14Cl2N2O5

(433.25): calcd. C 55.45, H 3.26, N 6.47; found C 55.39, H 3.42,
N 6.40.

5,6-Dimethoxy-2-benzofuran-1(3H)-one (meta-Meconin, 24): Hy-
drogen chloride gas was bubbled through 700 mL of aqueous for-
maldehyde (37%) with initial cooling in an ice bath for ca. 1.5 h
to reach saturation at ambient temperature. After addition of 3,4-
dimethoxybenzoic acid (23) (91.1 g, 500 mmol), the mixture was
heated to 60�70 °C for 7 h, while hydrogen chloride gas was con-
tinuously bubbled through the solution. The mixture was allowed
to cool and left at ambient temperature overnight. The solvent was
removed under reduced pressure, water (300 mL) was added to the
residue and the mixture was neutralized by addition of aqueous
ammonia (10%). The solid precipitate was collected by suction fil-
tration, washed with water several times and then recrystallized
from methanol to yield 24 as fine, colorless crystals (67.0 g, 69%),
m.p. 154�155 °C (154�155 °C [50]), Rf (n-hexane/EtOAc, 1:1) �

0.32. Other analytical data were also found to be in accordance
with the literature.[50] Especially careful work-up is recommended
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to achieve a sufficiently pure product, as otherwise the subsequent
conversion (24 � 25) will not be successful.

(5,6-Dimethoxy-3-oxo-1,3-dihydro-2-benzofuran-1-yl)triphenylphos-
phonium Bromide (25): A mixture of the phthalide 24 (38.8 g, 0.20
mol), N-bromosuccinimide (33.8 g, 0.19 mol) and dibenzoyl per-
oxide (100 mg) in 800 mL of benzene (p.a.) was heated to reflux
under argon for 3.5 h. The reaction mixture was allowed to cool
and kept at ca. 5 °C overnight. The succinimide precipitated was
removed by filtration to yield 1-bromo-1,3-dihydro-5,6-dimeth-
oxybenzo[c]furan-3-one [Rf (n-hexane/EtOAc, 1:1) � 0.74] in ben-
zene. Triphenylphosphane (65.6 g, 0.25 mol) was added to this solu-
tion and the resulting mixture was heated to reflux for 24 h. It was
then allowed to cool; the solid precipitate was collected by suction
filtration, washed with a small amount of benzene and dried to
furnish 25 as a light-yellow solid (86.2 g, 80%), m.p. 229�230 °C
(dec.). It should be noted that precipitation of 25 is a prerequisite
for the successful synthesis of compound 26. 1H NMR
(500.1 MHz, CDCl3): δ � 3.54 (s, 3 H), 3.85 (s, 3 H), 6.42 (s, 1 H),
7.06 (s, 1 H), 7.66�7.62 (m, 6 H), 7.82�7.76 (m, 9 H), 9.43 (s, 1
H) ppm. 13C NMR (125.8 MHz, CDCl3): δ � 56.41 (CH3), 56.44
(CH3), 74.4 (CH, 1JC,P � 59.2 Hz), 105.9 (CH, 3JC,P � 2.8 Hz),
106.0 (CH), 114.6 (C, 1JC,P � 83.9 Hz), 118.4 (C, 2JC,P � 3.7 Hz),
130.4 (CH, 2JC,P � 13.6 Hz), 134.8 (CH, 3JC,P � 9.9 Hz), 135.3 (C,
3JC,P � 3.2 Hz), 135.8 (CH, 4JC,P � 3.1 Hz), 151.9 (C, 5JC,P �

2.5 Hz), 155.1 (C, 4JC,P � 2.9 Hz), 167.5 (C) ppm. IR (KBr): ν̃ �

3014 cm�1, 2974, 2838, 1781, 1599, 1503, 1468, 1438, 1313, 1282,
1226, 1112, 1030, 1019, 1000, 837, 751, 730, 690. MS (MALDI, 2,5-
dihydroxybenzoic acid): m/z � 455.29 [C28H24O4P]�. C28H24BrO4P
(535.38): calcd. C 62.82, H 4.52; found C 62.93, H 4.52.

3-[(E)-Ethylidene]-5,6-dimethoxy-2-benzofuran-1(3H)-one (26a): A
solution of triphenyl(phthalid-3-yl)phosphonium bromide (25,
53.5 g, 100 mmol) and acetaldehyde (4.84 g, 110 mmol) in 400 mL
of anhydrous dichloromethane was stirred and cooled in an ice
bath while anhydrous triethylamine (10.1 g, 100 mmol) was slowly
added dropwise. Stirring was continued at ambient temperature for
2 h. The solvent was removed and the residue recrystallized from
methanol (300 mL) to yield the (E) isomer 26a (16.7 g, 76%) as a
light-brown solid, m.p. 170�171 °C, Rf (EtOAc/n-hexane, 1:1) �

0.62. 1H NMR (500.1 MHz, CDCl3): δ � 2.05 (d, 3JH,H � 7.8 Hz,
3 H), 3.90 (s, 3 H), 3.95 (s, 3 H), 5.73 (q, 3JH,H � 7.9 Hz, 1 H),
7.12 (s, 1 H), 7.23 (s, 1 H) ppm. 13C NMR (125.8 MHz, CDCl3):
δ � 11.5 (CH3), 56.32 (CH3), 56.34 (CH3), 104.1 (CH), 105.7 (CH),
106.1 (CH), 118.8 (C), 132.8 (C), 146.2 (C), 151.0 (C), 154.7 (C),
167.2 (C) ppm. IR (KBr): ν̃ � 3018 cm�1, 2923, 2847, 1759, 1676,
1610, 1588, 1497, 1476, 1458, 1426, 1357, 1283, 1253, 1226, 1185,
1114, 1037, 862, 851, 816, 775, 677. MS (EI, 70 eV): m/z (%) � 220
(100) [M·�], 205 (10), 191 (8), 177 (7), 165 (27), 164 (36), 149 (11),
136 (23), 121 (10), 96 (11), 93 (9), 77 (8), 55 (9), 44 (11), 40 (23).
C12H12O4 (220.23): calcd. C 65.45, H 5.49; found C 65.19, H 5.69.

Equilibration of 3-[(E)-Ethylidene]- and 3-[(Z)-Ethylidene]phthalides
26a and 26b. A) By Thermolysis: A solution of the (E)-ethylid-
enephthalide 26a (2.97 g, 13.5 mmol) and iodine (50.8 mg, 200
µmol) in 40 mL of freshly distilled nitrobenzene was heated to re-
flux under argon for 1 h. After the mixture had been allowed to
cool, dichloromethane (20 mL) was added. The solution was
washed with aqueous sodium thiosulfate (10%), dried with sodium
sulfate and concentrated to dryness. The residue obtained was puri-
fied by gravity column chromatography (n-hexane/EtOAc, 2:3) fol-
lowed by recrystallization from methanol to yield the (Z) isomer
26b (993 mg, 33%) as a light-brown solid containing 7% of the (E)
isomer 26a, as detected by 1H NMR spectroscopy. B) By Photo-
chemical Conversion: A solution of the (E)-ethylidenephthalide 26a
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(22.0 mg, 100 µmol) in 10 mL of ethanol (p.a.), containing a trace
of iodine, was heated to reflux under argon and irradiated 30 min.
The solvent was removed under reduced pressure and the residue
(21.9 mg, 100%) analyzed. 1H NMR spectroscopy revealed that,
here again, a 93:7 mixture of the (Z)- and (E)-ethylidenephthalides
26b and 26a had formed.

3-[(Z)-Ethylidene]-5,6-dimethoxy-2-benzofuran-1(3H)-one (26b) as a
93:7 Mixture with Its (E) Isomer (Procedure A): Rf (n-hexane/
EtOAc, 2:3) � 0.40. 1H NMR (500.1 MHz, CDCl3): δ � 1.96 (d,
3JH,H � 7.4 Hz, 3 H), 3.91 (s, 3 H), 3.96 (s, 3 H), 5.49 (q, 3JH,H �

7.5 Hz, 1 H), 6.95 (s, 1 H), 7.20 (s, 1 H) ppm. 13C NMR
(125.8 MHz, CDCl3): δ � 11.2 (CH3), 56.3 (CH3), 56.4 (CH3),
100.5 (CH), 102.6 (CH), 105.2 (CH), 116.9 (C), 134.2 (C), 146.2
(C), 151.1 (C), 155.0 (C), 167.3 (C) ppm. IR (KBr): ν̃ � 3010 cm�1,
2980, 2945, 2842, 1751, 1694, 1609, 1499, 1482, 1463, 1323, 1322,
1118, 1063, 1009, 820, 772. MS (EI, 70 eV): m/z (%) � 220 (100)
[M·�], 205 (10), 191 (8), 177 (7), 165 (26), 164 (43), 149 (14), 136
(31), 121 (14), 103 (8), 96 (7), 93 (14), 91 (7).

5,6-Dimethoxy-2-methyl-1H-indene-1,3(2H)-dione (20): A solution
of the (E)-ethylidenephthalide 26a (16.5 g, 75.0 mmol) and freshly
prepared sodium methoxide (13.5 g, 250 mmol) in 300 mL of anhy-
drous tetrahydrofuran was heated to reflux for 2 h. The mixture
was allowed to cool and the red precipitate was collected by suction
filtration, washed with tetrahydrofuran and redissolved in 400 mL
of water. Careful addition of 2  hydrochloric acid precipitated a
light-yellow solid, which was filtered by suction and recrystallized
from methanol to yield indanedione 20 (11.6 g, 70%) as light-yellow
crystals, m.p. 227�228 °C, Rf (n-hexane/EtOAc, 1:1) � 0.65. 1H
NMR (500.1 MHz, CDCl3): δ � 1.35 (d, 3JH,H � 7.9 Hz, 3 H),
2.96 (q, 3JH,H � 7.8 Hz, 1 H), 3.99 (s, 6 H), 7.29 (s, 2 H) ppm. 13C
NMR (125.8 MHz, CDCl3): δ � 10.9 (CH3), 48.2 (CH), 56.7
(CH3), 103.3 (CH), 136.9 (C), 155.9 (C), 200.3 (C) ppm. IR (KBr):
ν̃ � 2981 cm�1, 2945, 2883, 2841, 1731, 1689, 1581, 1502, 1458,
1374, 1322, 1233, 1214, 1125, 1070, 1001, 947, 881, 856, 800, 753.
MS (EI, 70 eV): m/z (%) � 220 (100) [M·�], 205 (10), 191 (6), 177
(7), 165 (26), 164 (37), 149 (10), 136 (22), 121 (9), 96 (9), 93 (9), 78
(7), 77 (7), 55 (6), 50 (9). C12H12O4 (220.23): calcd. C 65.45, H
5.49; found C 65.18, H 5.34.

2-[Bis(3,4-dimethoxyphenyl)methyl]-5,6-dimethoxy-2-methyl-1H-
indene-1,3(2H)-dione (18). A) By Condensation of 2-Methylindane-
1,3-dione 20 with Benzhydrol 13: A mixture of the indane-1,3-dione
20 (11.0 g, 50.0 mmol) and para-toluenesulfonic acid monohydrate
(951 mg, 5.00 mmol) in 300 mL of benzene (p.a.) was heated to
reflux in a two-necked flask equipped with a dropping funnel and
a Thiele�Pape extractor containing molecular sieves (4 Å). A solu-
tion of 3,3�,4,4�-tetramethoxybenzhydrol monohydrate 13·H2O
(17.7 g, 55.0 mmol) in 200 mL of 1,2-dichloroethane, formed by
gentle warming, was added. Upon initial addition, purple streaks
formed in the yellow solution but immediately vanished due to the
stirring. Towards the end of the addition the mixture turned violet.
Heating to reflux was continued for 1 h and the mixture was then
allowed to cool. It was washed twice with 2  aqueous sodium
hydroxide (200 mL) and once with water (200 mL), dried with so-
dium sulfate and concentrated to dryness. Recrystallization of the
residue from methanol furnished the indanedione 18 (20.6 g, 81%)
as colorless crystals, m.p. 162�163 °C, Rf (n-hexane/EtOAc, 1:1) �

0.33. 1H NMR (500.1 MHz, CDCl3): δ � 1.25 (s, 3 H), 3.75 (s, 6
H), 3.83 (s, 6 H), 3.94 (s, 6 H), 4.45 (s, 1 H), 6.64 (d, 3JH,H �

8.3 Hz, 2 H), 6.92 (dd, 3JH,H � 8.2, 4JH,H � 1.6 Hz, 2 H), 7.15 (s,
2 H), 7.16 (d, 4JH,H � 1.6 Hz, 2 H) ppm. 13C NMR (125.8 MHz,
CDCl3): δ � 203.5 (C), 155.9 (C), 148.3 (C), 147.5 (C), 136.4 (C),
132.9 (C), 121.8 (CH), 112.7 (CH), 110.7 (CH), 102.3 (CH), 58.2
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(C), 56.60 (CH), 56.58 (CH3), 55.69 (CH3), 55.65 (CH3), 20.2 (CH3)
ppm. IR (KBr): ν̃ � 2941 cm�1, 2840, 1729, 1691, 1581, 1518,
1503, 1462, 1318, 1259, 1225, 1145, 1106, 1027, 1001, 859, 760,
648. MS (EI, 70 eV): m/z (%) � 506 (2) [M·�], 414 (8), 354 (6), 327
(23), 287 (100), 257 (6), 228 (6), 204 (12), 151 (7). Accurate mass
by EI-MS (C29H30O8): calcd. 506.1941; found 506.1941. C29H30O8

(506.56): calcd. C 68.76, H 5.97; found C 68.91, H 5.94. B) By
Methylation of the Indane-1,3-dione 14: A solution of the indane-
1,3-dione 14 (4.93 g, 10.0 mmol) in 150 mL of acetonitrile (p.a.)
was stirred while iodomethane (2.13 g, 15.0 mmol) and potassium
fluoride on Celite 545[44,45] (12.5 g) were added. The suspension
was heated to reflux for 3 h. It was then allowed to cool and filtered
through a glass filter. The solid residue was washed carefully with
several small portions of acetonitrile until its color had faded. The
combined organic solutions were concentrated to dryness and the
residue was recrystallized from methanol to yield the indane-1,3-
dione 18 (3.79 g, 75%). The analytical data are identical with those
of the product obtained from the procedure described above.

all-cis-2-[Bis(3,4-dimethoxyphenyl)methyl]-5,6-dimethoxy-2-methyl-
1,3-indanediol (27): A solution of indane-1,3-dione 18 (20.3 g,
40.0 mmol) in 150 mL of toluene (p.a.) was stirred under cooling
in an ice bath while a 1.5  solution of diisobutylaluminum hydride
in toluene (66.7 mL, 100 mmol) was added dropwise. The mixture
was stirred at ambient temperature for 24 h. After careful addition
of saturated aqueous ammonium chloride (100 mL), the precipi-
tated solid was collected by suction filtration and washed repeat-
edly with dichloromethane. The organic layer was separated and
the aqueous one extracted with dichloromethane. The combined
organic solutions were washed with water, dried with sodium sul-
fate and concentrated to dryness. The solid residue was recrys-
tallized from benzene or benzene/cyclohexane (1:1) to yield the in-
danediol 27 (16.8 g, 82%) as a colorless solid, m.p. 148�149 °C, Rf

(n-hexane/EtOAc, 1:2) � 0.28. 1H NMR (500.1 MHz, CDCl3): δ �

0.83 (s, 3 H), 2.21 (d, 3JH,H � 6.3 Hz, 2 H), 3.861 (s, 6 H), 3.864
(s, 6 H), 3.87 (s, 6 H), 4.49 (d, 3JH,H � 5.7 Hz, 2 H), 5.06 (s, 1 H),
6.83 (d, 3JH,H � 8.8 Hz, 2 H), 6.95 (s, 2 H), 7.05 (dd, 3JH,H � 8.2,
4JH,H � 1.9 Hz, 2 H), 7.12 (d, 4JH,H � 1.9 Hz, 2 H) ppm. 13C
NMR (125.8 MHz, CDCl3): δ � 20.8 (CH3), 48.0 (CH), 54.4 (C),
55.8 (CH3), 55.86 (CH3), 55.94 (CH3), 82.3 (CH), 108.4 (CH), 111.0
(CH), 113.2 (CH), 121.5 (CH), 134.4 (C), 136.7 (C), 147.5 (C),
148.8 (C), 150.0 (C) ppm. IR (KBr): ν̃ � 3530 cm�1, 3439, 3002,
2958, 2837, 1609, 1505, 1463, 1412, 1302, 1259, 1233, 1143, 1124,
1101, 1023, 836, 681. MS (EI, 70 eV): m/z (%) � 510 (1) [M·�], 476
(23), 474 (29), 459 (11), 443 (7), 325 (12), 287 (85), 257 (11), 241
(5), 205 (100), 191 (7), 178 (8), 165 (12), 151 (11). C29H34O8

(510.59): calcd. C 68.22, H 6.71; found C 68.28, H 6.70.

2,3,6,7,10,11-Hexamethoxy-12d-methyl-4b,8b,12b,12d-tetrahydro-
dibenzo[2,3:4,5]pentaleno[1,6-ab]indene (2,3,6,7,10,11-Hexameth-
oxy-12d-methyltribenzotriquinacene, 4): Chlorobenzene (250 mL)
and orthophosphoric acid (85%; 5.00 mL) were heated to reflux for
30 min in a two-necked flask equipped with a dropping funnel and
a Thiele�Pape extractor containing molecular sieves (4 Å). A solu-
tion of the indane-1,3-diol 27 (15.3 g, 30.0 mmol) in 150 mL of
chlorobenzene, formed by gentle warming, was then added slowly
dropwise. After the addition was complete, heating to reflux was
continued for 1 h. The mixture was allowed to cool and washed
twice with 2  aqueous sodium hydroxide (100 mL) and once with
water (100 mL), dried with sodium sulfate and concentrated to dry-
ness. (Dichloromethane may be added to improve separation of the
organic and aqueous layers.) The residue was recrystallized from
ethanol to yield the tribenzotriquinacene 4 (7.02 g, 49%), as color-
less crystals, m.p. 240�241 °C, Rf (n-hexane/EtOAc, 1:1) � 0.37,
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Rf (n-hexane/EtOAc, 1:2) � 0.56. 1H NMR (500.1 MHz, CDCl3):
δ � 1.65 (s, 3 H), 3.85 (s, 18 H), 4.27 (s, 3 H), 6.88 (s, 6 H) ppm.
13C NMR (125.8 MHz, CDCl3): δ � 27.4 (CH3), 56.2 (CH3), 63.2
(CH), 63.3 (C), 107.3 (CH), 137.2 (C), 149.1 (C). IR (KBr): ν̃ �

3000 cm�1, 2955, 2833, 1607, 1503, 1466, 1336, 1301, 1278, 1246,
1221, 1186, 1141, 1085, 993, 762. MS (EI, 70 eV): m/z (%) � 474
(100) [M·�], 459 (16), 443 (10), 298 (6), 237 (12). C29H30O6 (474.56):
calcd. C 73.40, H 6.37; found C 73.17, H 6.46.

4b,8b,12b-Tribromo-2,3,6,7,10,11-hexamethoxy-12d-methyl-4b,8b,
12b,12d-tetrahydrodibenzo[2,3:4,5]pentaleno[1,6-ab]indene (28): A
mixture of the tribenzotriquinacene 4 (475 mg, 1.00 mmol), N-
bromosuccinimide (712 mg, 4.00 mmol) and a small amount of
2,2�-azobis(isobutyronitrile) in 50 mL of tetrachloromethane (p.a.)
was heated to reflux under argon and irradiated with an UV photo-
lamp for 45 min. The mixture was allowed to cool, the precipitate
was removed by suction filtration and washed with tetrachlorome-
thane (p.a.). The solvent was removed under reduced pressure and
the crude residue was directly used for further conversion into the
triol 30, but not to the tetramethyltribenzotriquinacene 29 (see be-
low). The tribromo compound 28 was obtained in virtually quanti-
tative yield and easily decomposes in the presence of moisture, for
example on TLC foils. 1H NMR (500.1 MHz, C6D6): δ � 2.87 (s,
3 H), 3.35 (s, 18 H), 7.06 (s, 6 H) ppm.

2,3,6,7,10,11-Hexamethoxy-4b,8b,12b,12d-tetramethyl-4b,8b,
12b,12d-tetrahydrodibenzo[2,3:4,5]pentaleno[1,6-ab]indene (29): N-
Bromosuccinimide (712 mg, 4.00 mmol) and a small amount of
2,2�-azobis(isobutyronitrile) were added to a solution of tribenzo-
triquinacene 4 (475 mg, 1.00 mmol) in 50 mL of anhydrous benzene
and the mixture was heated to reflux and irradiated with a UV
photolamp for 45 min. The precipitate formed overnight was re-
moved by suction filtration. The solution was concentrated to dry-
ness and the residue redissolved in 50 mL of anhydrous benzene.
The solution was stirred while a solution of trimethylaluminum
(4.00 mL, 8.00 mmol) in toluene (2 ) was added dropwise. Stirring
was continued whilst heating at 50 °C for 1 h. The mixture was
cooled in an ice/water bath and then hydrolyzed by careful addition
of 50 mL of water. The organic layer was separated and the aque-
ous one extracted with dichloromethane (3 � 25 mL). The com-
bined organic solutions were washed with water, dried with sodium
sulfate and concentrated to dryness. The residue was recrystallizaed
from methanol to give tribenzotriquinacene 29 (249 mg, 48% from
4) as colorless crystals, m.p. 231�232 °C, Rf (CHCl3/EtOAc, 10:1)
0.60. 1H NMR (500.1 MHz, CDCl3): δ � 1.33 (s, 3 H), 1.60 (s, 9
H), 3.84 (s, 18 H), 6.79 (s, 6 H) ppm. 13C NMR (125.8 MHz): δ �

16.3 (CH3), 25.6 (3 CH3), 56.2 (CH3), 62.1 (C, 3 C), 70.6 (C), 105.7
(CH), 140.4 (C), 149.2 (C). IR (KBr): ν̃ � 2960 cm�1, 2834, 1606,
1498, 1463, 1401, 1314, 1285, 1233, 1193, 1155, 1117, 1065, 1035,
956, 873, 768, 754. MS (EI, 70 eV): m/z (%) � 516 (60) [M·�], 501
(100), 487 (19), 250 (7), 243 (8). Accurate mass by EI-MS
(C32H36O6): calcd. 516.2512, found 516.2514.

2,3,6,7,10,11-Hexamethoxy-12d-methyl-4b,8b,12b,12d-tetrahydro-
dibenzo[2,3:4,5]pentaleno[1,6-ab]indene-4b,8b,12b(12dH)-triol (30):
A solution of the tribromotribenzotriquinacene 28, prepared from
500 µmol of the tribenzotriquinacene 4 as described above, in
15 mL of tetrahydrofuran and 5 mL of sulfuric acid (20%) was
heated to reflux for 3 h. After removal of the solvent under reduced
pressure, water (100 mL) was added and the mixture was extracted
with ethyl acetate (3 � 50.0 mL). The combined organic solutions
were dried with sodium sulfate and then concentrated to dryness.
The crude product obtained was recrystallized from dichlorometh-
ane/n-hexane to yield triol 30 (148 mg, 57% from 4) as a colorless
solid, m.p. 297�298 °C, Rf (EtOAc) � 0.19. 1H NMR (500.1 MHz,
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CD3CN): δ � 1.20 (s, 3 H), 3.64 (br. s, 3 H), 3.81 (s, 18 H), 7.11
(s, 6 H) ppm. 1H NMR (500.1 MHz, CD3OD): δ � 1.29 (s, 3 H),
2.00 (s, OH), 3.86 (s, 18 H), 7.18 (s, 6 H) ppm. 13C NMR
(125.8 MHz, CD3CN): δ � 13.3 (CH3), 56.6 (CH3), 77.6 (C), 90.6
(3 C), 106.8 (CH), 137.7 (C), 151.7 (C) ppm. IR (KBr): ν̃ � 3509
cm�1, 2942, 2840, 1607, 1502, 1465, 1360, 1275, 1223, 1148, 1086,
1003, 787, 766. MS (EI, 70 eV): m/z (%) � 522 (80) [M·�], 506 (58),
505 (100), 504 (48), 502 (14), 490 (38), 489 (35), 488 (13), 475 (13),
474 (27), 473 (21), 461 (12), 445 (28), 165 (15), 44 (13), 40 (17).
Accurate mass by EI-MS (C29H30O9): calcd. 522.1890, found
522.1890.

Nitration of the Hexamethoxytribenzotriquinacene 4. 6-(4,5-Dimeth-
oxy-2-nitrophenyl)-2,3,8,9-tetramethoxy-5a-methyl-5,5a,6,10b-
tetrahydroindeno[1,2-a]inden-5-yl Acetate (31): A solution of the tri-
benzotriquinacene 4 (1.19 g, 2.50 mmol) in 80 mL of acetanhydride
was stirred under argon while copper() nitrate trihydrate (676 mg,
2.80 mmol) was added. The mixture was stirred at ambient tem-
perature for 40 min and then poured into 400 mL of water. It was
then extracted with dichloromethane (3 � 200 mL). The combined
organic solutions were washed with 2  aqueous sodium hydroxide
(2 � 100 mL) and then with 100 mL of water, dried with sodium
sulfate and concentrated to dryness. The residue obtained was sub-
jected to gravity column chromatography (CHCl3/EtOAc, 15:1) to
yield the singly nitrated product 31 as a yellowish foam (1.18 g,
82%), which could not be crystallized despite considerable efforts;
m.p. 114�116 °C, Rf (CHCl3/EtOAc, 15:1) 0.64. Rf (CHCl3) �

0.27. 1H NMR (500.1 MHz): δ � 1.57 (s, 3 H), 1.99 (s, 3 H), 2.96
(s, 3 H), 3.63 (s, 3 H), 3.69 (s, 3 H), 3.82 (s, 3 H), 3.89 (s, 3 H),
3.98 (s, 3 H), 4.37 (s, 1 H), 4.79 (s, 1 H), 5.11 (s, 1 H), 5.54 (s, 1
H), 6.35 (s, 1 H), 6.43 (s, 1 H), 6.75 (s, 1 H), 7.05 (s, 1 H), 7.47 (s,
1 H) ppm. 13C NMR (125.8 MHz): δ � 21.1 (CH3), 21.9 (CH3),
55.2 (CH), 55.97 (CH3), 56.09 (2 CH3), 56.15 (CH3), 56.16 (CH3),
56.23 (CH3), 59.9 (C), 62.1 (CH), 79.7 (CH), 106.1 (CH), 107.0
(CH), 107.1 (CH), 108.6 (CH), 108.7 (CH), 113.1 (CH), 131.6 (C),
133.5 (C), 135.6 (C), 135.8 (C), 138.5 (C), 142.5 (C), 147.2 (C),
148.9 (C), 149.4 (C), 149.5 (C), 150.7 (C), 151.6 (C), 170.6 (C) ppm.
IR (KBr): ν̃ � 2942 cm�1, 2837, 1730, 1608, 1518, 1465, 1337,
1298, 1274, 1213, 1187, 1113, 1088, 1061, 1019, 995, 868, 795, 765.
MS (EI, 70 eV): m/z (%) � 579 (10) [M·�], 562 (7), 520 (26), 519
(42), 518 (32), 505 (19), 504 (43), 503 (31), 502 (65), 490 (18), 489
(21), 488 (40), 487 (18), 476 (21), 475 (40), 474 (100), 473 (19), 472
(29), 471 (31), 460 (29), 459 (22), 331 (92), 330 (28), 316 (25), 315
(23), 314 (19), 313 (39), 205 (45), 189 (41), 180 (31), 166 (16), 165
(15), 43 (64). Accurate mass by EI-MS (C31H33NO10): calcd.
579.2104, found 579.2115.

Electrophilic Bromination of Hexamethoxytribenzotriquinacene 4: A
solution of the tribenzotriquinacene 4 (47.5 mg, 100 µmol) in 2 mL
of 2-butanone was stirred under argon at 0 °C while N-bromosuc-
cinimide (19.6 mg, 110 µmol) was added. Stirring was continued
for 16 h in the dark, while the ice bath was allowed to melt slowly.
Some aqueous sodium thiosulfate was added, the organic solvent
was removed under reduced pressure and dichloromethane
(100 mL) was added to the residue. The organic solution was
washed with water, dried with sodium sulfate and concentrated to
dryness. Gravity column chromatography of the residue (n-hexane/
EtOAc, 1:1) yielded two singly brominated products, 34 (4.1 mg,
7%) and 35 (4.9 mg, 9%) as colorless films (see below). Some start-
ing material 4 (13.2 mg, 28%), Rf (n-hexane/EtOAc, 1:1) 0.28, was
also recovered.

1-Bromo-2,3,6,7,10,11-hexamethoxy-12d-methyl-4b,8b,12b,12d-
tetrahydrodibenzo[2,3:4,5]pentaleno[1,6-ab]indene (34): Rf (n-hex-
ane/EtOAc, 1:1) � 0.43. 1H NMR (500.1 MHz): δ � 1.64 (s, 3 H),
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3.79 (s, 3 H), 3.81 (s, 3 H), 3.85 (s, 3 H), 3.86 (s, 6 H), 3.87 (s, 3
H), 4.25 (s, 1 H), 4.26 (s, 1 H), 4.54 (s, 1 H), 6.83 (s, 1 H), 6.87 (s,
1 H), 6.89 (s, 1 H), 6.90 (s, 1 H), 7.78 (s, 1 H) ppm. IR (KBr): ν̃ �

2943 cm�1, 2863, 1606, 1503, 1466, 1318, 1276, 1249, 1222, 1086,
1032, 786, 759. MS (EI, 70 eV): m/z (%) � 554 (100) [M·�], 552
(99) [M·�], 539 (10), 537 (10), 523 (6), 521 (5), 277 (7), 276 (7).
Accurate mass by EI-MS (C29H29

79BrO6): calcd. 552.1148, found
552.1152.

6-(2-Bromo-4,5-dimethoxyphenyl)-2,3,8,9-tetramethoxy-5a-methyl-
6,10b-dihydroindeno[1,2-a]inden-5(5aH)-one (35): Rf (n-hexane/
EtOAc, 1:1) � 0.19. 1H NMR (500.1 MHz): δ � 1.69 (s, 3 H), 3.70
(s, 3 H), 3.76 (s, 3 H), 3.80 (s, 3 H), 3.84 (s, 3 H), 3.97 (s, 3 H),
3.98 (s, 3 H), 4.30 (s, 1 H)*, 4.81 (s, 1 H)*, 5.25 (s, 1 H)*, 6.35 (s,
1 H), 6.81 (s, 1 H), 6.86 (s, 1 H), 6.98 (s, 1 H), 7.01 (s, 1 H),
7.07 (s, 1 H) ppm. One of the marked (*) resonances is due to an
unidentified impurity. IR (KBr): ν̃ � 3158 cm�1, 3079, 2958, 1771,
1693, 1605, 1502, 1466, 1352, 1292, 1243, 1223, 1190, 1091, 849,
820. MS (EI, 70 eV): m/z (%) � 570 (9) [M·�], 568 (8) [M·�], 489
(100), 474 (17), 459 (4), 313 (10), 245 (3), 237 (4). Accurate mass
by EI-MS (C29H29BrO7): calcd. 568.1097, found 568.1093.
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