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ABSTRACT

A synthesis of a reduced version of the naphthazarin found in the rubromycin class of natural products is reported. The naphthalene ring
system is formed via a Do1tz reaction with a symmetrical alkyne. Differentiation between the C1′ and C3′ groups of the Do1tz adduct is achieved
by selective oxidation since the two methylene groups possess different oxidation potentials.

γ-Rubromycin (1),1 purpuromycin (2),2 heliquinomycin,3 and
the griseorhodins4 are a set of structurally related pigments
consisting of naphthazarin and isocoumarin ring structures
linked through a 5,6-spiroketal. The synthesis of this unique
class of antitumor antibiotic compounds has not yet been
achieved, although they display a range of biological activity.
γ-Rubromycin (1) exhibits activity against the reverse
transcriptase of human immunodeficiency virus-15 and
against human telomerase, which is overproduced in cancer
cells.6 Purpuromycin (2) is a potential topical agent for
vaginal infections,7 and heliquinomycin is an inhibitor of
DNA helicase.3

As part of an effort toward the synthesis of this group of
natural products,8 a highly convergent assembly of the
hexaoxonaphthyl system was desired. Even though a linear
elaboration from 1,5-naphthalene diol has been attempted,
difficulties in installing the correct oxygenation were en-
countered.9 In our approach we have elected to employ a
Dötz reaction to provide a rapid and convergent synthesis
of the naphthalene core.10 Utilization of a Dötz reaction
would allow for the ready assembly of analogues by simple
variation of the chromium carbene component.11

For a direct synthesis of the naphthazarin precursor, an
oxygen-substituted alkyne6a would be ideal in a Do¨tz
cyclization with chromium carbene5. Although such alkynes
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can undergo Do¨tz cyclization reactions, steric differentiation
between a suitably protected alcohol and the methylene group
would likely not be sufficient to provide a selective process.12

As such, a symmetric alkyne diol6b, for which the issue of
regioselection is not a concern, was selected instead (Figure
2). Differentiation of the two termini from the alkyne can

be accomplishedafter the Dötz cyclization (C1′ vs C3′) on
naphthol4.

The initial implementation of this strategy is shown in
Scheme 1. Fischer chromium carbene intermediate9 with
benzyl ether protecting groups was selected as the precursor
for the Dötz reaction with the aim of effecting a late stage
global deprotection via hydrogenation. Starting with com-
mercially available vanillin (7), Fischer chromium carbene
intermediate9 was produced using a modified protocol.13

Subjection of9 to alkyne1014 in the presence of heat and
Ac2O15 produced the Do¨tz adduct11 in 40-50% yield.
Removal of the silyl ethers using TBAF, which was not

optimized, provided the unstable naphthol derivative12.
Further treatment with dimethoxypropane and PPTS provided
the seven-membered ketal13. At this point, isomerization
to the thermodynamically more stable six-membered ketal
14, in which C1′ and C3′ are differentiated, was expected to
occur.

Unfortunately, equilibration of seven-membered ketal13
to six-membered ketal14 did not proceed, even though
molecular mechanics calculations16 of 15 and 16 (Scheme
2) indicated a significant stabilization (9.4 kcal/mol) of the

six-membered derivative. From studies in a model system
lacking functionalization on the left-hand aromatic ring of
the naphthalene, where isomerization of the respective six-
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Figure 2.

Scheme 1a

a (a) (i) Br2, AcOH, (ii) NaH, BnBr; 86%; (b) (i)mCPBA, (ii)
KOH, (iii) NaH, BnBr; 61%; (c) (i) nBuLi, (ii) Cr(CO)6, (iii)
Me3OBF4; 60-90%; (d) THF, Ac2O, 53%; (e) TBAF, THF, 31%;
(f) PPTS, (MeO)2CMe2; (g) PPTS, acetone.

Scheme 2. Calculated Relative Energies for15 and16
(MM2*)
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membered ketal did occur, it appears that steric hindrance
from the peri-benzyl ether groups prevents ready isomer-
ization of the ketal to the required hydroxyl in13.

Since the steric bias against formation of the desired six-
membered ketal14 (Scheme 1) prevented selective func-
tionalization of the two methyleneoxy groups, an alternate
approach based on the differences in chemical reactivity of
these two groups was utilized (Scheme 3). It has been shown

that oxidation of benzene derivatives possessing two benzylic
methylenes can be halted after oxidation to the monoalde-
hyde.17 In addition, methoxy groups on benzene derivatives
show a powerful effect in directing the regiochemistry of
oxidation to para-methyleneoxy substituents overmeta-
methyleneoxy substituents, presumably by attenuating the
oxidation potential via resonance effects.17

Protection of the remaining phenol in the Do¨tz adduct11
with benzyl bromide yielded17 in which the two TBSOCH2
groups now possess different oxidation potentials (Scheme
3). As a result of the electron-donating nature of the C7′
methoxy group, the C3′ group is more electron-rich and
hence more readily oxidized. Treatment of17 with DDQ
effects clean formation of aldehyde18 in which only one of

the fiVe oxidizable benzyloxy groups is modified. From
aldehyde18 it is possible to generate two isomeric naphtha-
zarin fragments in which the naphthazarin methoxy group
of the natural products is present at C7′ (22, as in the natural
products) or at C6′ (24, see Scheme 4).

For the synthesis of the natural product precursor22,
aldehyde18 was reduced and the alkoxide trapped as the
MOM ether to provide19. The silyl group was removed and
the resultant benzylic alcohol was oxidized to the aldehyde
with the Dess-Martin periodinane. Baeyer-Villiger oxida-
tion was initially troublesome, but bufferedmCPBA was
found to cleanly form the respective formate ester. Hydrolysis
of this formate ester intermediate with NH3 in EtOH
generated unstable phenol21, which was directly benzylated
to provide naphthazarin derivative22.

Synthesis of an isomeric C6′ methoxy derivative will allow
the importance and exact placement of the C7′ methoxy
functional group to be assessed with respect to biological
activity. With intermediate18 available, such a derivative
can be readily generated. As such, aldehyde18was subjected
to Baeyer-Villiger oxidation. In this case, the optimal
oxidant proved to be H2O2 with bis(2-nitrophenyl)diselenide
as a catalyst. After hydrolysis of the formate ester intermedi-
ate with KOH, the resultant unstable phenol23was protected
to provide the isomeric reduced naphthazarin24.

In conclusion, a general synthesis of highly oxygenated
naphthalene derivatives is presented, culminating in the
preparation of reduced naphthazarin precursors suitable for
the synthesis of the rubromycin group of natural products
including the rubromycins, purpuromycin, heliquinomycin,
and the griseorhodins. In addition, a strategy to differentiate
benzylic groups on highly substituted aromatic substrates by
taking advantage of differences in oxidation potentials is
demonstrated.
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Scheme 3a

a (a) BnBr, K2CO3, 81%; (b) DDQ, CH2Cl2-H2O, 80%; (c) (i)
NaBH4, (ii) MOMCl, 85%; (d) (i) TBAF, (ii) Dess-Martin, 90%;
(e) (i) mCPBA, NaHCO3, CH2Cl2, (ii) NH3, EtOH; (f) BnBr,
K2CO3, 55% from20.

Scheme 4a

a (a) (i) 10 mol % (2-NO2-C6H4Se)2, H2O2, (ii) KOH; (b) BnBr,
K2CO3, 48% from18.
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