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ABSTRACT

An intramolecular enantiodivergent synthesis of both enantiomers of the ABCDE-ring analogue 22 of fredericamycin A is reported. Key steps
involve an intramolecular [4 + 2] cycloaddition of 17 and an aromatic Pummerer-type reaction of 19. A lipase-catalyzed enantioselective
desymmetrization of prochiral diol 2 using 1-ethoxyvinyl 2-furoate 3 led to the pivotal intermediate (R)-4.

Due to potent antitumor activity against a variety of in vivo
tumor models and negative mutagenicity in the Ames test,
an antibiotic, fredericamycin A (1), has drawn much attention
as a leading compound for developing novel types of
chemotherapeutic drugs for human cancers.1 1 consists of
two peri-hydroxy tricyclic aromatic moieties, connected
through a chiral, spiro, quaternary carbon center, and its
chirality arises from the presence of a single methoxy group

at the farthest position of the A-ring. Intensive efforts have
been made toward asymmetric total synthesis of1, including
the total syntheses of racemic1 by five research groups2-6

and the HPLC separation of a racemic intermediate of1 using
a chiral column.7 Until recently, no one had succeeded in
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the asymmetric total synthesis of either1 or its analogue8

because of the lack of an efficient distinction of the enantio
face of the highly symmetrical AB-plane.9

We have planned two different asymmetric approaches for
1 through an optically pure quaternary carbon intermediate
with a definite stereochemistry at an early stage and the
completion of the total synthesis while retaining its chiral
integrity (Scheme 1). Accordingly, we have quite recently

succeeded in the asymmetric total synthesis of natural1 by
the intermolecular cycloaddition approach, and the absolute
stereochemistry of the natural product was determined for
the first time.10 Simultaneously, we have also achieved an
intramolecular total synthesis of racemic1,10c,11 which is
believed to be useful for the asymmetric synthesis of optically

active 1. In this Letter we report an application of this
intramolecular cycloaddition approach involving the inter-
mediatesI-III to the asymmetric synthesis of the optically
active ABCDE-ring analogue22. Either enantiomer (R)- or
(S)-22was obtained from a single key intermediate, (R)-4,
with perfect retention of its chiral integrity.

Preparation of both enantiomers of the optically active keto
aldehyde, (R)- and (S)-10, corresponding toII, was the first
objective in this study. Creation of the chiral quaternary
carbon center was performed by the lipase-catalyzed desym-
metrization of prochiral diol2 using 1-ethoxyvinyl 2-furoate
3.12 The desired (R)-4(21% yield, 96% ee) was obtained
along with the diester5 (78% yield), and5 was recycled to
2 almost quantitatively. Silylation of (R)-4 followed by
saponification afforded the monosilyl ether (S)-6 (95% yield,
96% ee). Stepwise oxidation of (S)-6by the Dess-Martin
periodinane and then by NaClO2 afforded the carboxylic acid
(R)-7(88% yield), which was treated with BF3‚Et2O to give
(R)-8 (99% yield, 96% ee).13 Reaction of (R)-8with MeLi
at 0°C followed by quenching with aqueous NH4Cl solution
at -78 °C gave the keto-carbinol (R)-9 (80% yield, 96%
ee).13 The Dess-Martin oxidation of (R)-9afforded (R)-10
(96% yield). A similar two-step oxidation of (R)-4gave the
carboxylic acid (S)-11 (92% yield), which was then converted
to (S)-10(49% yield, two steps) (Scheme 2).

To prepare the key intermediate (S)-16, the installation of
the acetylene and the A-ring moieties to (R)-10without loss
of its chiral integrity was troublesome. When the reaction
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Scheme 1

Scheme 2a

a (a) 3, Candida rugosalipase (Meito MY), iPr2O, 30 °C; (b)
K2CO3, MeOH; (c) 1. TBSCl, pyridine, DMF; 2. K2CO3, MeOH;
(d) 1. Dess-Martin periodinane, MeCN, 2. NaClO2, NaH2PO4,
2-methyl-2-butene,t-BuOH, H2O; (e) BF3‚Et2O, CH2Cl2; (f) MeLi,
HMPA, THF; (g) Dess-Martin periodinane, MeCN.
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of (R)-10 (96% ee) with lithium phenylthioacetylide was
carried out at room temperature, unexpected racemization
of the quaternary carbon center at the C-1 position was
brought about.14 This problem was overcome by running the
reaction at-78 °C and quenching at the same temperature
to give (1R)-12 (53% yield, 96% ee) as a single diastereomer.
Acylation of (1R)-12 with 13 gave (1R)-14(96% yield),
which was treated with LiN(TMS)2 (3 equiv) in THF to
induce the migration of the A-ring aroyl moiety to the methyl
ketone terminus giving (1R)-15 (81% yield). Moffatt oxida-
tion of (1R)-15afforded the trione (S)-16(79% yield).

The following manipulation of (S)-16 was performed
similarly to the total synthesis of the racemate11 without any
problem. Thus, treatment of (S)-16with Co2(CO)8 followed
by debenzylation provided the cobalt complex (S)-17(50%

yield), which was subjected to intramolecular [4+ 2]
cycloaddition under the standard reaction conditions to afford
the pentacyclic product (S)-18 (47% yield). The optical purity
of (S)-18 was determined to be 96% ee by chiral HPLC
analysis, and the perfect retention of the chiral integrity of
(R)-4 was confirmed. Oxidation of (S)-18 to (S)-19 followed
by aromatic Pummerer-type reaction using 1-ethoxyvinyl
chloroacetate20 in refluxing toluene15 introduced a hydroxyl
group to the B-ring. The crude product (R)-21was subjected
to stepwise deprotection to afford the optically active
ABCDE-ring analogue (S)-22having the same absolute
stereochemistry as natural1 (Scheme 3).16

The same transformation was applied to (S)-10(96% ee)
to provide the unnatural enantiomer (R)-22 [96% ee based
on the optical purity of (R)-18] (Scheme 4).16 A symmetrical
pair in the CD spectra of (S)- and (R)-22was obtained
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Scheme 3a

a (a) LiC≡CSPh, HMPA-THF, -78°C; (b)13, DMAP, CH2Cl2;
(c) LiN(TMS)2, THF; (d) Moffatt oxidation; (e) 1. Co2(CO)8,
CH2Cl2; 2. BCl3, CH2Cl2; (f) 1. Me2SiCl2, Et3N, chloranil, toluene,
100°C; 2. (t-Bu)2Si(OTf)2, Et3N, DMF; (g) m-CPBA, CH2Cl2; (h)
20, catalyticp-TsOH, toluene; (i) 1. Bu4NF, THF-H2O; 2. BBr3,
CH2Cl2; 3. 80% aqueous CF3CO2H.

Scheme 4a

a (a) 1. LiC≡CSPh, HMPA-THF,-78 °C; 2. 13, DMAP,
CH2Cl2; 3. LiN(TMS)2, THF; (b) 1. Moffatt oxidation; 2. Co2(CO)8,
CH2Cl2; 3. BCl3, CH2Cl2; (c) 1. Me2SiCl2, Et3N, chloranil, toluene,
100 °C; 2. (t-Bu)2Si(OTf)2, Et3N, DMF; (d) 1. m-CPBA, CH2Cl2;
2. 20, catalyticp-TsOH, toluene; 3. Bu4NF, THF-H2O; 4. BBr3,
CH2Cl2; 5. 80% aqueous CF3CO2H.
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(Figure 1). The spectroscopic data (IR,1H NMR, 13C NMR,
HRMS) of (S)- and (R)-22showed good agreement with its
structure.17
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Figure 1. CD spectra of (S)- and (R)-22.
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