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ABSTRACT

Systematic synthesis of bis-THF ring cores, synthetic intermediates of adjacent bis-THF annonaceous acetogenins, has been achieved by
asymmetric alkynylation and subsequent stereodivergent THF ring formation. The asymmetric alkynylation of r-tetrahydrofuranic aldehyde
with (S)-3-butyne-1,2-diol derivatives gave good yields of erythro- and threo-adducts with very high diastereoselectivity. These adducts were
converted into four types of bis-THF cores via two kinds of one-pot THF ring formation.

Annonaceous acetogenins are a class of natural products that
have excellent antitumor, pesticidal, antimalarial, immuno-
suppressive, and antifeedant properties (Figure 1).1,2 Over
350 acetogenins have been isolated from various Annonaceae
plants, and they are characterized by the presence of one to
three tetrahydrofuran (THF) rings with various stereochem-

istries in the center of a long hydrocarbon chain that has a
butenolide moiety at the end. In particular, adjacent bis-THF
acetogenins have attracted considerable attention, since they
are biologically the most potent group among all the
acetogenins.

Reiterative methodology is an effective strategy for the
synthesis of acetogenins because they have repeated com-
ponents. Figadère and Casiraghi developed a unique reitera-
tive procedure based on Lewis acid-promotedC-glycosyda-
tion of lactol derivatives with 2-(trimethylsilyoxy)furan.3

However, their method lacks stereoselectivity. A highly
stereoselective reiterative procedure was developed by Koert
utilizing nucleophilic addition of 3,4-isopropylidenedioxy-
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Figure 1. Representative structure of annonaceous acetogenins (n
) 1-3, R, R′ ) hydrocarbon chain having oxygenated moities and/
or double bonds).
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butyl anion toR-tetrahydrofuranic aldehyde. Although both
erythro- and threo-adducts were obtained with high dia-
stereoselectivities by changing the metal species, their non-
chelation-controlled addition using an organozinc species
gave low yield due to instability of the reagent under the
reaction conditions.4 We have recently developed a highly
stereoselective and stereodivergent synthesis of mono-THF
ring cores using asymmetric alkynylation of 3-butyne-1,2-
diol derivative toR-oxyaldehyde.5 The synthetic strategy is
outlined in Scheme 1. One key step is Carreira’s asymmetric

alkynylation6 to R-oxyaldehyde (2,m ) 0). This strategy is
potentially applicable to the reiterative construction of an
oligo-THF ring system because the resulting THF ring
compounds (1,m ) 1) can be coupled with the C4-unit after
oxidation of the alcohol to the aldehyde. In this paper, we
describe a highly stereoselective and stereodivergent syn-
thesis of four isomers of the bis-THF ring cores, which are
versatile synthetic intermediates for diverse acetogenins with
potent biological activities. This is the first example of
stereodivergent synthesis of a bis-THF core by reagent-
controlled addition toR-tetrahydrofuranic aldehydes.7

The trans/threo-isomer5 was selected as the first sub-
strate for bis-THF ring formation since the structure was
frequently found in natural adjacent bis-THF acetogenins,
e.g., asimicin-type and squamocin-I-type acetogenins (Scheme
2).1d R-Tetrahydrofuranic aldehyde6 was synthesized by

Dess-Martin oxidation8 of the alcohol5 prepared by our
systematic synthesis of mono-THF ring cores.5

Next, we examined the asymmetric alkynylation of the
aldehyde6 with the alkyne7. In the reagent-controlled
asymmetric alkynylation, it is very important that the reaction
proceeds with high diastereoselectivity not only in the
matched pair but also in the mismatched pair. As mentioned
above, we have achieved the stereodivergent reagent-
controlled asymmetric alkynylation of theR-oxyaldehyde,
wherein high diastereoselectivity was obtained even in the
mismatched pair. In this reaction, the substrates possess one
stereogenic center. It is very important for establishment of
the reiterative procedure that the methodology can be applied
to the substrates with three stereogenic centers. The results
are summarized in Table 1. Fortunately, the coupling reaction

of 6 and7 using (1R,2S)-N-methylephedrine (NME), Zn(OTf)2,
and Et3N in toluene proceeded smoothly to give thethreo-
adduct8a in good yield with very high diastereoselectivity
(entry 1). We also found thaterythro-adduct8b can be
obtained using the antipode of NME in good yield with high
diastereoselectivity.9 To our knowledge, it is the first example
that the addition toR-tetrahydrofuranic aldehydes was
perfectly controlled by the chiral ligands.

Transformation of the adducts8aand8b into the bis-THF
cores was conducted stereodivergently by two kinds of one-
pot THF ring formation.

Scheme 3 shows thetrans/threo/trans/threo-bis-THF ring
formation. Hydrogenation of the triple bond accompanied
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(f) Frantz, D. E.; Fässler, R.; Carreira, E. M.J. Am. Chem. Soc.2000,122,
1806-1807.

(7) Substrate-controlled nucleophilic addition toR-tetrahydrofuranic
aldehydes was reported; see: (a) Bruns, R.; Kopf, J.; Köll, P.Chem. Eur.
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Scheme 1

Scheme 2a

a Reagents and conditions: (a) Dess-Martin periodinane, pyri-
dine, CH2Cl2, 0 °C to room temperature, 82%.

Table 1. Asymmetric Alkynylation of Tetrahydrofuranic
Aldehyde

entry NME yield (%) 8a/8ba

1 1R,2S 97 >97:3
2 1S,2R 87 3:>97

a Determined by1H NMR spectroscopic data.
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by deprotection of the benzylidene acetal in8a afforded a
saturated triol9 in 76% yield. Selective sulfonylation of the
primary alcohol with 2,4,6-triisopropylbenzenesulfonyl chlo-
ride (TrisCl) gave the sulfonate10 in 71% yield. Upon
treatment of 10 with K2CO3 in MeOH, the THF ring
formation via an epoxide11 proceeded smoothly in a one-
pot reaction to give thetrans/threo/trans/threo-bis-THF ring
core12a in 79% yield (pathway a).10

On the other hand, thetrans/erythro/trans/threo-isomer
12b was obtained via pathway b (Scheme 4). Tosylate14

was obtained in two steps by selective reduction of the triple
bond using Et3N as catalyst poison11 followed by tosylation
of the secondary alcohol. In a previous paper concerning

the mono-THF ring formation,5 the reductive deacetalization
in EtOAc and the intramolecular Williamson synthesis with
NaH in THF were carried out in a stepwise manner. We
found that the reaction can be performed in a one-pot reaction
with THF as a solvent, giving12b in good yield without
formation of a THP ring.

In a similar manner, acis/erythro/trans/threo-isomer12c
and acis/threo/trans/threo-isomer12dwere also synthesized
from the commonerythro-adduct8b in 57% and 70% overall
yield, respectively (Scheme 5).

In conclusion, we have developed a highly stereoselective
systematic synthesis of the bis-THF ring cores in annon-
aceous acetogenins. Asymmetric alkynylation to the aldehyde
with three stereogenic centers proceeded in good yields and
with almost exclusive selectivities. It should be mentioned
that high diastereoselectivity is crucial to obtain the products
with high optical purity, since separation of the diastereo-
isomers is very difficult. Using this methodology, we have
synthesized four diastereoisomers of the bis-THF cores,
including the synthetic intermediate for natural adjacent bis-
THF acetogenins. Moreover, since the antipodes of all chiral
materials (alkyne, aldehyde, NME) are available, this meth-
odology could be applied to synthesize various diastereo-
isomers of the bis-THF cores. Application of our methodol-
ogy to synthesis of biologically active acetogenins is under
way. These results will be reported elsewhere.
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Scheme 3a

a Reagents and conditions: (a) H2, 10% Pd-C, EtOAc, room
temperature, 76%; (b) TrisCl, pyridine, CH2Cl2, 0 °C to room
temperature, 71%; (c) K2CO3, MeOH, 0°C to room temperature,
79%.

Scheme 4a

a Reagents and conditions: (a) H2, 10% Pd-C, Et3N, EtOAc,
room temperature; (b)p-TsCl, pyridine, 0°C to room temperature,
87% in two steps; (c) H2, 10% Pd-C, THF, room temperature then
NaH, 0 to 40°C, 77%.

Scheme 5
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