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ABSTRACT

The first total synthesis of the monoamine oxidase inhibitors chaetoquadrins A�C has been accomplished. Key steps in the synthesis include
an aromatic Claisen rearrangement, asymmetric boron aldol reaction and acid-mediated spiroketalization. Comparison of spectral data for the
synthetic spiroketals confirmed the proposed structure for these natural products.

In 2002 Fujimoto and co-workers reported the isolation
of chaetoquadrins A�C (1�3; Figure 1) from an ethyl
acetate extract of the ascomycete,Chaetomium quadrangu-
latum (strain 71-NG-22). They were found to inhibit
mouse liver monoamine oxidase (MAO) using the mod-
ified Kraml assay.1 Recently, chaetoquadrins A (1) and B
(2) were also isolated from Chaetomium aureus by Li
and co-workers.2 These novel spiroketals feature a chromone
(1,4-benzopyran-4-one) fused toa substituted [6,6]-spiroketal
framework, differing from each other by the stereogenic
pattern around the spiroketal ring. To the best of our knowl-
edge, syntheses of these natural products have not yet been
reported. Owing to our ongoing interest in the synthesis of
bioactive spiroketal-containing natural products and espe-
cially that of benzannulated spiroketals,3 we were prompted
to embark on a synthesis of the chaetoquadrins. Chaetoqua-
drin C (3), with the highest inhibitory activity against mouse
liver MAO, was chosen as the initial synthetic target.
Our retrosynthetic analysis of chaetoquadrin C (3) is

outlined in Scheme 1. Spiroketal 3 was envisioned to be
constructed via an acid-mediated spiroketalization of
β-hydroxy ketone 4, which in turnwould be prepared from
an aldol reaction of aldehyde 5 and its aldol partner
derived from the union of bromide 6 and chiral propionate
fragment 7. We thought to access bromide 6 via means of
an aromatic Claisen rearrangement of allyl phenyl ether 8,

which was to be accessed via alkylation of the known
chromone, noreugenin (9).
We began our synthesis from noreugenin (9) which itself

is readily accessible from 2,4,6-trihydroxyacetophenone.4

Selective alkylation of the non-hydrogen bonded phenol
with dimethyl sulfate proceeded smoothly to give eugenin
(10)5 (Scheme 2). The subsequent alkylation of the hydro-
gen-bonded phenol required elevated temperature, which
delivered allyl phenyl ether 8 in good yield. Heating allyl
ether 8 at 200 �C for 2 h effected the aromatic Claisen
rearrangement,6 and the resulting phenol was treated with
benzyl bromide to give benzyl protected allyl chromone 11.
Preliminary investigations had established that this choice

Figure 1. Structure of chaetoquadrins A�C.
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of protecting group was more amenable to subsequent
transformations than use of either the methoxy (OMe) or
ethoxymethyl ether (OEOM) group.
With chromone 11 in hand, we first needed to remove

two terminal carbons from the C-6 allyl side chain to form
the benzylic framework of bromide 12. To this end chro-
mone 11 was subjected to thermal isomerization with
carbonylchlorohydridotris(triphenylphosphine)ruthe-
nium(II),7,8 followed by oxidative cleavage with OsO4/
NaIO4 to afford aldehyde 13. Sodium borohydride reduc-
tion of 13 gave a benzylic alcohol which was treated with
phosphorus tribromide to afford the desired benzylic
bromide 12 in good yield.
We were now ready to investigate the key coupling of

bromide 12with a chiral propionate fragment to install the
chiral center at C-20 (Table 1).9 The initial alkylation with
valine-derived oxazolidinone 14a, KOtBu, and bromide 12
was unsuccessful (entry 1);10 however treatment of the
same oxazolidinone with NaHMDS enabled the desired
transformation to take place (entry 2). Unfortunately, the
low yield of this reaction and the difficulty of the subse-
quent reductive cleavage step mandated use of a different
auxiliary. Alkylation of phenylalanine-derived oxazolidi-
none 14b was unsuccessful (entry 3), as was the alkyla-
tion with N-propionyl pseudoephedrine 14c (entry 4).11

Scheme 1. Retrosynthetic Analysis of Chaetoquadrin C (3) Scheme 2. Synthesis of the Bromide 12

Table 1. Alkylation of Bromide 12 with a Chiral Propionate 7
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Eventually, it was found that alkylation with norephedrine-
derived auxiliary 14d12 with NaHMDS afforded the de-
sired product which was readily isolated in enantiopure
form by chromatography in 51% yield (entry 5). The
resulting imide 15d also had the advantage of being a
highly crystalline solid, and an X-ray crystal structure
was obtained, unambiguously confirming the configuration
of the newly formedC-20 stereocenter to be S (Figure 2). In
the course of this research imide 15d was prepared and
stored on multigram scale without special precautions.
Moving forward, imide 15d was reduced with lithium

borohydride to give primary alcohol 16 in excellent yield
(Scheme 3). IBX oxidation gave aldehyde 17 which was
treated withmethylmagnesium bromide in the presence of
lithium chloride to give a mixture of two epimeric methyl
alcohols that was subsequently oxidized with IBX to give
methyl ketone 18 in nearly quantitative yield.
With methyl ketone 18 in hand we were now ready for

the key aldol reaction with aldehyde 1913 (Scheme 4).

Using Paterson aldol conditions,14 the combination of
ketone 18, (�)-Ipc2BCl, and aldehyde 19 afforded the
β-hydroxyketone in moderate yield and selectivity (dr 1:2,
20a:20b) in favor of the desired diastereoisomer 20b. To
form the spiroketal, the silyl protecting group was first
cleaved with tetrabutylammonium fluoride followed by
hydrogenolysis of the benzyl protecting group over Pd/C.

Figure 2. X-ray crystal structure of imide 15d.

Scheme 4. Total Synthesis of Chaetoquadrin C (3)

Scheme 3. Synthesis of Methyl Ketone 18

Scheme 5. Total Synthesis of ent-ChaetoquadrinA (ent-1) and B
(ent-2)
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Finally, treatment of the crude deprotected spiroketal
precursor with pyridinium p-toluenesulfonate gave chae-
toquadrin C (3) which gratifyingly could be purified by
preparative thin layer chromatography in moderate yield
(33% over three steps). Spectroscopic data and the CD
spectrum of the synthetic material were in excellent agree-
ment with the reported data.
With chaetoquadrin C (3) in hand, our attention next

turned to chaetoquadrins A (1) and B (2), epimeric at C-50.
Accordingly, treatment of methyl ketone 18 with (�)-
Ipc2BCl and aldehyde 2115 enabled access to the required
β-hydroxy ketone as a 1:1 mixture of diastereoisomers 22a
and 22b. Interestingly, use of (þ)-Ipc2BCl resulted in a
dramatic improvement in diastereoselectivity in favor of
22a (dr 20:1), suggesting that this combination of starting
materials and boron auxiliary is matched (Scheme 5).
Application of the deprotection/cyclization sequence

used previously for 20a:20b to the 1:1 mixture of 22a and
22b gave ent-(1) and ent-(2) in moderate yields. Gratify-
ingly, the two natural products were readily separated by

preparative thin layer chromatography. Spectroscopic
data of both ent-1 and ent-2 were in full agreement with
those of the natural sample, and the CD spectra of the
synthetic samples were amirror image of those reported by
Fujimoto et al.1

In conclusion, we report the first total synthesis of
chaetoquadrinsA, B, andC. The key steps of our synthesis
include an aromatic Claisen rearrangement, boron-
mediated aldol reaction, and acid-catalyzed spiroketaliza-
tion reaction. Synthetic investigations into other mem-
bers of the chaetoquadrin family are ongoing in our
laboratories.
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