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A formal synthesis of aflatoxin B2: a Dötz benzannulation approach
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Abstract—A Dötz benzannulation reaction has been utilized in the synthesis of the furo[2,3-b]furan core of aflatoxin B2.
� 2006 Elsevier Ltd. All rights reserved.
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Scheme 1. Aflatoxin B2 retrosynthetic analysis.
Since its discovery in 1975, the Dötz benzannulation
reaction1 has enjoyed considerable attention from the
synthetic community as it enables the regiocontrolled
preparation of aromatic systems from acyclic precur-
sors. Our interest2 in this area lies in the application of
the Dötz reaction to the synthesis of benzofuran and
benzopyran ring systems present in a variety of natural
products and necessitates the use of heterofunctional-
ized Fischer carbene complexes in the key benzannula-
tion step. There are relatively few methodological
studies2,3 concerning the use of Fischer carbene com-
plexes possessing this basic skeleton, and to our knowl-
edge, no applications of furo[2,3-b]furanyl derived
Fischer carbene complexes in natural product synthesis.

In this letter we present our findings on the application
of the Dötz reaction to the synthesis of aflatoxin B2, 1, a
representative member of the furo[2,3-b]benzofuran
family of mycotoxins (Scheme 1). Our initial target lay
in the synthesis of racemic 2, an intermediate, which
has been commonly promulgated4 as a synthetic precur-
sor to the natural product. We surmised that 2 would be
accessible from the Dötz reaction between the furo[2.3-b]-
furan-2-yl carbene complex 4 and the functionalized
alkyne 5.5 Regiochemical issues6 arising from the use
of unsymmetrical acetylenes in the Dötz reaction have
been addressed by a number of workers and, although
the use of oxygenated acetylenes7 such as 5 have
received scant attention in such reactions we were
confident2b,c that the paradigm enunciated by Dötz,
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Yamashita and Wulff would result in the formation of
the aromatic ring with the correct positioning of the
methoxy substituent at C6 in 3. What was not so clear
at the outset was the manner in which the two phenolic
oxygens at C4 and C7 could be differentiated in order to
permit selective deoxygenation8 at C7.

We considered that the carbene complex 4 would be
accessible from the furo[2,3-b]furan 129 using the stan-
dard Fischer procedure.10 This necessarily entailed gen-
eration of the vinyl carbanion 6a using Boeckman’s11

procedure, which, in this instance, was itself not assured
of success. In the event enol ether 6 was prepared in a
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five-step sequence from dihydrofuran as outlined in
Scheme 2.

Haloetherification12 of dihydrofuran with propargyl
alcohol in the presence of NIS or NBS afforded the
trans-haloethers 7 and 11 in near quantitative yield.
Unexpectedly, and in contrast to Ghosh’s13 report, we
found that cyclization (Bu3SnH, AIBN, PhH) of the
iodide 7 proved problematical as variable quantities
(up to 40% isolated yield) of the vinyl iodides 9E,Z were
also generated via a competing atom transfer cyclization
reaction.14 Removal of the iodide 9E,Z from the bulk
sample proved impossible by chromatography or distil-
lation. Fortunately, radical cyclization of 11 was well
behaved and was best carried out using Okabe’s15 proce-
dure, which is catalytic in 8, and afforded the exocyclic
alkene9c,13 10 in reproducible yields of ca. 62% on a
260 mmol scale (Scheme 2). It should be pointed out
that whilst tin methodology was also effective in pro-
moting this cyclization reaction, purification on a pre-
parative scale became impossible due to the presence
of large quantities of tin residues produced during the
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Scheme 2. Synthesis of complex 4.
reaction. Ozonolysis of 10 (O3, CH2Cl2, �78 �C) fol-
lowed by reductive work-up (Me2S) was routinely car-
ried out on a 100 mmol scale and afforded the ketone
12,12 a low melting solid, in 74% isolated yield. Conver-
sion of 12 to the hydrazone 13E,Z (as a 1:1 mixture of
geometrical isomers) and hence to the enol ether 6 was
next investigated. After careful optimization it was
found that the Bamford–Stevens reaction16,17 was best
carried out by mild thermolysis of the sodium salt of
13 in trigol at 120 �C under reduced pressure
(20 mmHg). Under these conditions the volatile nature
of the ether 6 meant that it simply distilled out of the
reaction mixture as it was formed and could be collected
in a cardice trap. This procedure routinely afforded the
enol ether 6 in an essentially pure state and devoid of
any trace of the alternate double bond isomer 6 0 or fur-
an 600 in >70% yield on a preparative scale. With the enol
ether 6 in hand its conversion to the Fischer carbene
complex 4 was pursued. In the event, our concerns over
the metallation of 6 were misplaced as its exposure to
t-Buli (1.1 equiv, THF, �78 �C, 15 min and then at
20 �C for 30 min), generating 6a, followed by the
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Figure 1. X-ray structure of cyclopentenone 16.
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sequential addition of Cr(CO)6 and Meerwein’s reagent
afforded the carbene complex 4, a deep red solid, in 52%
isolated yield after chromatography and recrystalliza-
tion. Having developed a robust route to the carbene
complex 4 its reactivity in the crucial Dötz benzannula-
tion reaction was next addressed. Gratifyingly, exposure
of the complex 4 to the acetylene 55 (2.5 equiv) in THF
at 80 �C for 2 h resulted in the complete consumption of
the complex 4 and afforded the phenol 3 in 31% yield
after column chromatography.

The observed regiochemical outcome of this reaction is
in keeping with previous methodological studies2c and
was substantiated by NOE difference measurements per-
formed upon the desilylated phenol 17 (Scheme 3) and
by subsequent chemical transformations. We were
unable to detect any of the alternate regioisomeric
phenol 14 in the crude reaction mixture of this Dötz
reaction but were able to isolate the variable quantities
of the cyclopentenones 15 (ca. 2%) and 1618 (<1%)
whose structure was unambiguously assigned by X-ray
crystallography (Fig. 1).

The product distribution of this reaction was found to
be quite sensitive to the reaction conditions employed
(solvent polarity, temperature and additives) but for-
tuitously those used in the first attempt proved to be
optimal and reproducible in terms of phenol 3.

At this stage a strategy was required, which would
enable the selective deoxygenation of 3 at C7 (Scheme
4). This was readily accomplished in a three-step
sequence involving oxidation of the phenol 3 to the
quinone 18 (CAN, CH3CN/H2O), reduction to the
hydroquinone 19 (H2–Pd/C) and finally regioselective
migration of the silicon substituent at C5 of 19 to the
phenolic group at C4 of 20. This 1,3-silatropic migration
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Scheme 3. Dötz benzannulation sequence.
deserves some comment as it occurs essentially quantita-
tively upon mild thermolysis in toluene (110 �C, 1 h) and
is apparently wholly regioselective. The overall yield for
this sequence was pleasingly high (93%) and regiochemi-
cal issues were again addressed using NOE difference
measurements (Scheme 5). Whilst there have been
sporadic reports of similar silicon migrations in Dötz
benzannulation reactions19 its application to the
in situ, regioselective, protection of hydroquinones (as
opposed to monoalkyl derivatives19) has not to our
knowledge been previously reported. We note20 that
mechanistic studies on related regioselective silatropic
C to O migrations of polysilylated phenols are indicative
of an intramolecular rearrangement although, again,
such reactions have not been exploited synthetically.
Presumably the rearrangement described here proceeds
via the intermediacy of the tautomeric cyclohexadienone
19 0, followed by a formal 1,3-silatropic shift, the driving
force for the reaction being the formation of a strong
O–Si bond.20

With protected hydroquinone 20 in hand its deoxygena-
tion at C7 was next attempted. Conversion of the phe-
nol 20 to the triflate 21 was uneventful, however, its
deoxygenation was more problematical. Although sub-
jecting 21 to Sáa’s21 modification of Cacchi’s condi-
tions22 (PdCl2, dppp, HCO2H, Bu3N, DMF, 80 �C)
did in fact effect deoxygenation with concomitant
in situ deprotection to the desired intermediate 2, the
product was contaminated with N,N-dibutylformamide,
which could only be removed by recrystallization result-
ing in a low overall isolated yield of pure material (11%).
However, exposure of 21 to Raney nickel, as described
by Noland,4b followed by desilylation (TBAF, THF,
20 �C) of the intermediate silylether 22 afforded the
desired phenol 2 in 35% isolated yield over the two steps.
The phenol 2 prepared in this manner was identical23 to
that described by Rapoport4c and Noland4b and there-
fore constitutes a formal synthesis of the natural
product.

In conclusion, we have demonstrated that the Dötz reac-
tion between a furo[2,3-b]furanyl carbene complex and a
silylated acetylene provides ready access to a pivotal
intermediate for the synthesis of aflatoxin B2. The sili-
con substituent fulfils two roles by controlling the regio-
chemistry of the initial Dötz reaction and providing a
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facile means by which the selective protection–deoxy-
genation of a hydroquinone intermediate can be
achieved. In addition, the well-behaved lithiation of
the 2,3,3a,6a-tetrahydrofuro[2,3-b]furan nucleus demon-
strates that this route could be of use in the synthesis of
other furo[2,3-b]furan-containing organometallics and
may find application in the synthesis of other natural
products containing this motif.24 Although this
sequence provides access to 2 in racemic form, the ready
availability17c of homochiral furo[2,3-b]furans should
mean that access to optically pure intermediates using
the chemistry described herein will be possible.
Acknowledgements
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