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ABSTRACT

An enantioselective synthesis of the chiral bisnaphthopyrone natural product nigerone is reported. The key step was an eight-step isomerization
process to form the final natural product. The isomerization precursor was constructed via asymmetric oxidative biaryl coupling of an advanced
intermediate with a 1,5-diaza- cis -decalin copper catalyst.

The number of natural products containing axial chirality
has grown substantially in recent years.1 Development of
synthetic routes to these architecturally interesting targets,
however, remains a challenge.2 One class of these com-
pounds, the bisnaphthopyrone natural products, includes mold
isolates nigerone (1) and isonigerone (2) (Figure 1),3 that
display antitumor4 and antibacterial5 activity. Although these

compounds have been characterized, no total synthesis efforts
have appeared.

Nigerone is formally the dimer of a tricyclic oxygen
heterocycle. The synthetic approach reported herein hinges
upon a rearrangement from “bisisonigerone”3 (Scheme 1).
Bisisonigerone was in turn constructed by oxidative coupling
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Figure 1. Bisnaphthopyrone natural products.
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of flavasperone46 to form the C1,C1′-bond using our 1,5-
diaza-cis-decalin copper catalysts.7

The required substrate4 was efficiently prepared via the
process outlined in Scheme 2. Naphthol7 was constructed

via an approach that we found to be highly efficient for the
structural type.7d Preparation of the pyrone ring in4 was
the most difficult aspect of the synthesis. The obvious
disconnection involving addition of acetone to the methyl
ester of8 to introduce the carbons of the pyrone ring failed.
On the other hand, addition of the dimsyl anion to8 provided

9 readily and in high yield. The stabilized anion from9 was
then condensed with acetaldehyde. In the same pot, deacy-
lation, cyclization, and then sulfinic acid elimination from
intermediate10 proceeded to supply the requisite pyrone.
Subsequent MOM group cleavage provided flavasperone4.

Our attention then turned to formation of the chiral biaryl.
From the standpoint of an asymmetric coupling with the 1,5-
diaza-cis-decalin copper catalyst, substrate4 appears ideal.
The heterocyclic ring constrains the C3 carbonyl to align
with the C2 hydroxyl for optimal chelation to copper.7e In
addition, the C4 group is withdrawing via conjugation to
the C3 carbonyl; electron-withdrawing groups at C4 suppress
racemization of the binaphthyl during the oxidative coupling.7d

Thus, we were quite surprised to discover that the reaction
of 4 with the chiral copper catalyst was sluggish. After one
week at 40-45°C with 10 mol % of catalyst, only 36% of
the product (3) was isolated but the selectivity was good
(∼80% ee). Reasoning that the optimized chelation with4
inhibits turnover, greater amounts of the diaza-cis-decalin
copper oxidant were employed. The yield of3 could be
improved to 60% with stoichiometric catalyst while main-
taining the selectivity (80% ee, Scheme 3).

With (R)-3 in hand, the intriguing isomerization directly
to 1 was investigated (Scheme 4) upon the basis of precedent
from much simpler systems.8 The key question was whether
such an isomerization would be thermodynamically favorable
and whether side reactions would interfere. In particular,
elimination of acetone enolate from the 1,3-dicarbonyl
tautomer12 of 11 to form 14 was a concern (Scheme 5).
An analysis of the structures of of3, 2, and1 was promising.
Nigerone (1) appears to be the most stable of the three as
the C2 position of the binaphthyl is less hindered compared
to C4 (the C5 group is coplanar to C4, and the C1 biaryl is
70° out-of-plane) and should better accommodate the het-
erocyclic portion (hydrogen bonding is equivalent in the two
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Scheme 1. Synthesis Analysis of Nigerone

Scheme 2. Synthesis of the Biaryl Coupling Precursor

Scheme 3. Formation of Bisisonigerone
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structures). Energy calculations (AM1) of the low-energy
conformational isomers of the three possible nigerone
isomers supported this hypothesis (Scheme 4):3, Erel ) 1.23
kcal mol-1; isonigerone2 (half-isomerized),Erel ) 0.73 kcal
mol-1; nigerone1, Erel ) 0.00 kcal mol-1. Implementation
of this plan using a base-catalyzed isomerization in methanol
at 70 °C overnight succeeded in the formation of (R)-
nigerone in 50% yield. No starting material and only a small
amount of isonigerone were seen from this process. The

remaining material appears to be intercepted by methoxide
to produce the C3-substituted methyl ester14 as outlined in
Scheme 5.9 Investigation of alternate bases and nucleophiles
to optimize this process is underway. The enantioselectivity
decreased only slightly during this process (<3% ee).
Pleasingly, the resultant nigerone can be triturated tog90%
ee with 50% ethyl acetate/hexanes.

The NMR data for the synthesized material were in
complete accord with those of isolated nigerone (Table 1

and Table 2).3a In addition, the data for the bisisonigerone
(3) differed markedly from those of nigerone (1) confirming
the identity of the natural product. Measurement of the optical
rotation also confirmed that the synthesized material cor-
responded to the natural product, thereby confirming the (R)-
configuration as revised in later reports.3a,c

In summary, the first total synthesis of the bisnaphthopy-
rone natural product nigerone has been achieved. A complex
2-naphthol substrate successfully underwent asymmetric
oxidative biaryl coupling to produce a highly functionalized
chiral 1,1′-binaphthol. From the biaryl coupling product, the
key isomerization via a sequence of eight conjugate addition/
elimination reactions was found to give rise to nigerone in

(9) We thank a reviewer for the suggestion of a ketene intermediate to
account for14.

Scheme 5. Undesired Pathway in the Isomerization of
Bisisonigerone to Nigerone

Scheme 4. Eight-Step Isomerization of Bisisonigerone to
Nigerone

Table 1. 1H NMR Shifts for Isolated Nigerone vs Synthetic
Nigerone and Bisisonigerone3

δ (ppm)

compd OH H6 H8 H11 OMe OMe Me

1a 15.32 6.06c 6.42c 6.00 4.05 3.49 2.03
3 13.19 6.32 6.44 6.21 4.01 3.54 2.54
1b 15.31 6.05 6.42 6.00 4.05 3.48 2.03

a Isolated natural product (see ref 3a).bSynthetic material.cDifferent
assignments given relative to ref 3a.

Table 2. 13C NMR Shifts for Isolated Nigerone vs Synthetic
Nigerone and Bisisonigerone3

δ (ppm)

compd CdO C1 C2 C3 C4 C5 C6 C7

1a 184.6 108.8c 161.3c 104.4 161.9c 151.4c 97.3 163.2c

3 182.9 110.5 159.7 104.3 154.6 156.1 96.9 161.7
1b 184.5 108.8 161.2 104.3 161.9 151.3 97.2 163.1

δ (ppm)

compd C8 C10 C9 C11 C12 OMe OMe Me

1a 96.5 140.8 105.5c 107.3 167.6 56.2 55.2 20.5
3 96.7 140.5 108.6 110.3 166.4 56.0 55.2 20.5
1b 96.5 140.7 105.5 107.3 167.6 56.2 55.2 20.6

a Isolated natural product (see ref 3a).bSynthetic material.cDifferent
assignments given relative to ref 3a.
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line with the calculated energies. With this asymmetric
synthesis, the identity of the natural product has been
confirmed.
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