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ABSTRACT

A highly flexible synthesis of bisbenzannulated spiroketals is described with additions of lithiated methoxyallene to aryl aldehydes and Heck
reactions as key steps. Subsequent hydrogenations and ketalizations afforded the desired spiroketals in good yields and with predominating
trans -configuration. With model compound 30, already bearing the fully substituted naphthyl core of rubromycins, the ketalization proceeded
efficiently providing the expected product 31 and the isopropoxy compound 32. Both products are advanced model compounds of heliquinomycin.

Rubromycins, such asγ-rubromycin1,1 purpuromycin2,2

and heliquinomycin3,3 are structurally related pigments,
which display a broad range of biological activity (Figure
1). While γ-rubromycin 1 is a potent inhibitor of DNA

polymerase (a reverse transcriptase of HI-virus type 1),4

purpuromycin2 displays activity against bacteria and fungi2

and is a potential topical agent for vaginal infections.5 In
contrast, heliquinomycin3 proved to be a selective inhibitor
of DNA helicase.3

The basic structure of the rubromycins combines a
naphthoquinone moiety with a 5,6-spiroketal fused to an
isocoumarin unit. Despite the interesting biological properties
and the intriguing molecular architecture of these natural
products, apart from several model studies6 and preliminary
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Figure 1. Compounds of the rubromycin family.
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investigations toward the synthesis of purpuromycin,7 only
the synthesis of racemic heliquinomycinone48 (the aglycon
of heliquinomycin3) has so far been reported.

Herein we present our investigations regarding the con-
struction of bisbenzannulated spiroketals suitable for a
modular approach to rubromycins. Our retrosynthetic analysis
(Scheme 1) envisages enones6 to serve as precursors for

the synthesis of model spiroketals5. These highly substituted
enones would be accessible via Heck reactions of iodinated
benzene derivatives7 (acting as isocoumarin model com-
pounds)9 with R-hydroxy enone derivatives8. The synthesis
of the required enones8 should be accomplished by addition
of lithiated methoxyallene9 to functionalized benz- or
naphthaldehyde derivatives10 (Scheme 1) followed by acidic
hydrolysis of the alkoxyallene moiety.10

SubstitutedR-hydroxy enones13 and 14 were prepared
by addition of lithiated methoxyallene to the corresponding
aryl aldehydes11 or 12 (Scheme 2). Subsequent hydrolysis

of the intermediate allene adducts with acid furnished the
required enones13 and14 in excellent overall yields.

Compounds13and14were then used in the Pd-catalyzed
coupling with aryl iodides15/16 (MOM-protected) or17/
18 (Bn-protected) employing a modified Jeffery protocol
(Scheme 3).11 The correspondingR,â-unsaturated enones
19-22 were obtained in good yields. However, a side
reaction partially oxidized theR-hydroxy group to the
corresponding diketone in varying amounts which made this
transformation less efficient. For the conversion of13 and
16 into enone20, the corresponding diketone23was isolated
in an almost equal yield of 26% (Scheme 3). During synthesis
of 21 and22, the corresponding diketones were obtained in
7% yield and trace amounts, whereas19gave no side product
at all. Although we applied various conditions, we were not
able to completely suppress this side reaction.

Thus, we slightly modified our sequence by protecting the
R-hydroxy function of enone14 prior to the Heck coupling.
Among the protecting groups examined,12 the TES group
proved to be most suitable. Subsequent coupling of protected
enone24 with iodobenzene derivatives17 and18 smoothly
afforded the corresponding enones25 and26 in good yield
(Scheme 4) without formation of side products.

We then turned our attention toward the final construction
of the desired spiroketals. Hydrogenation of the precursor
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compounds should result in both saturation of the double
bond, as well as the benzyl protecting group removal.
Subsequent acidic treatment should then induce cyclization.
For MOM-substituted precursors, the removal of the protect-
ing group should only occur under treatment with acid. As
shown in Table 1, hydrogenation followed by treatment with

acid worked well in most cases, resulting in the formation
of the corresponding spiroketals in good to excellent yields.
The TES-protected compounds (Table 1, entries 3 and 6)
were desilylated under these reaction conditions.

Diastereomeric mixtures13 of spiro compound27 were
obtained for precursors with substituent R2 ) H when
ketalization was performed at room temperature or with
insufficient exposure to higher temperatures (Table 1, entries
1 and 2). However, elevated temperatures (50°C) and longer
reaction times exclusively led to the formation oftrans-
spiroketal 27,14a probably due to thermodynamic control
(Table 1, entry 3). With substituent R2 ) OMe, only trans-
configured product28 was obtained even at room temper-
ature (Table 1, entries 4-6).14b

With these promising model reactions in hand, we studied
the more complex enone29 which was analogously acces-
sible by addition of lithiated methoxyallene to 3-benzyloxy-
1,4,5,6,8-pentamethoxynaphthalene-2-carbaldehyde followed
by acid treatment and protection.15 Pd-catalyzed coupling
with iodobenzene derivative17afforded the required spiroket-
al precursor30 in 75% yield (Scheme 5). Hydrogenation of

enone30 and treatment with acid at 50°C led to formation
of trans-configured spiroketals. However, not only the
expected product31 was obtained in 23% yield but also
isopropoxy-substituted compound32 was isolated in 42%
yield. Its formation may be explained by a SN1-type
solvolysis via a carbenium ion which is highly stabilized due
to the very electron-rich naphthalene core. This transforma-
tion has to be taken into consideration in further studies
dealing with the synthesis of heliquinomycin. However, the
naphthalene moiety of both spiro compounds31 and 32
already fully corresponds to a protected version of the
naphthoquinone moiety present in rubromycins (Figure 1).

In conclusion, a novel protocol for the diastereoselective
formation of functionalized bisbenzannulated spiro[4.5]-
ketals has been presented, applying the addition of lithiated
methoxyallene to suitably substituted aryl aldehydes as
well as a Heck coupling reaction as key steps. This protocol
could also be successfully employed using naphthyl-
substituted enone30, thus giving rise to more complex
spiroketals. Our strategy not only places the 3′-hydroxy
function in the benzo- or naphthofuran moiety but also will
enable further functionalization of the pyran ring by taking
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Table 1. Formation of Spiroketals27 and28 from Enone
Precursors

entry enone Pg R1 R2 product [%]e trans:cis

1a 19 MOM H H 27 51 59:41
2b 21 Bn H H 27 83 62:38
3c 25 Bn TES H 27 76 100:0
4a 20 MOM H OMe 28 43 100:0
5d 22 Bn H OMe 28 54 100:0
6c 26 Bn TES OMe 28 65 100:0

a (1) Pd/C, H2, EtOAc, rt, 2 h; (2) cat. concn HCl,iPrOH, 50°C, 16-
24 h. b Pd/C, H2, MeOH/CHCl3, rt, 2 days.c (1) Pd(OH)2/C, H2, C6H10,
EtOH, rt, 18-23 h; (2) cat. concn HCl,iPrOH, 50°C, 1-3 days.d Pd(OH)2/
C, H2, C6H10, EtOH, rt, cat. concn HCl, 24 h.e Yields refer to isolated
material after column chromatography.
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advantage of the enone function in spiroketal precursors6
(see Scheme 1). Furthermore, the use of chiral alkoxyal-
lenes16 will allow for the preparation of enantiomerically
enriched or pure intermediates of type8. Studies toward the
synthesis of heliquinomycin and other members of the
rubromycin family are currently underway and will be
reported in due course.
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