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Adjacently linked tetrahydrofuran units constitute the
core motifs of widely encountered naturally occurring com-
pounds, as the acetogenins of the Annonaceae! and certain
ionophore antibiotics.?2 The annonaceous acetogenins consist
of polyoxygenated, long-chain fatty acids usually incorporat-
ing one or two tetrahydrofuran rings and are particularly
attractive due to their extremely interesting pharmacological
profiles and useful plant-protecting actions.!

Most of the recently introduced strategies toward aceto-
genin compounds have been addressed to the linear synthe-
sis of structurally defined targets,® while the development
of parallel, unified methodologies aimed at preparation of
collections of structurally and stereochemically diverse ac-
etogenin analogues has yet to meet such success.* Since
molecular diversity represents a pivotal concern to access
potentially bioactive candidates, we became interested in
developing a unified, modular strategy that could possibly
secure the construction of a series of oligotetrahydrofurans,
as well as related nonnatural sulfur and nitrogen, homoge-
neous and mixed variants, en route to ensembles of annona-
ceous acetogenins and their altered congeners. We opted
to investigate this domain by using the “silyloxy diene
methodology”,>6 a well experienced protocol based on the
exploitation of a triad of oxygen-, sulfur-, and nitrogen-based
heterocyclic silyloxy dienes, namely, 2-[(tert-butyldimethyl-
silyl)oxy]furan, TBSOF; 2-[(tert-butyldimethylsilyl)oxy]-
thiophene, TBSOT; and N-(tert-butoxycarbonyl)-2-[(tert-bu-
tyldimethylsilyl)oxy]pyrrole, TBSOP.

As part of this program, we report here the viability of
the above project in a chiral, nonracemic domain, en route
to a series of bis-tetrahydrofuran, bis-thiolane, and bis-
pyrrolidine precursors, as well as a number of related mixed
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dinuclear templates derived from the combination of the
three heteroatoms of choice, oxygen, sulfur, and nitrogen.

We first focused on the preparation of the key electrophilic
modules 2a—c, which were readily obtained in 51%, 24%,
and 26% yields by starting from the respective precursors
TBSOF, TBSOT, and TBSOP and 2,3-O-isopropylidene-p-
glyceraldehyde (1) according to a previously reported, dias-
tereoselective procedure (Scheme 1).5¢7 Having the proper
building blocks at hand, namely, the three electrophiles
2a—c as well as the three silyloxy diene nucleophiles
TBSOF, TBSOT, and TBSOP, we were ready to construct a
collection of dinuclear core units systematically, by adopting
a uniformed coupling protocol based on a Lewis acid-
mediated Mukaiyama aldolization.®

As depicted in Chart 1, addition of TBSOF to activated
lactol 2a in the presence of 0.6 equiv of tert-butyldimethyl-
silyl trifluoromethanesulfonate (TBSOTf) in CH,CI, at —80
°C afforded a separable 45:55 mixture of two unsaturated
lactone intermediates (not shown), which were individually
hydrogenated to provide the corresponding saturated coun-
terparts threo,trans-O,0 and erythro,trans-O,0 in 68%
combined yield for the two steps.® By extending this
chemistry, the entire collection of dinuclear scaffolds com-
prising all the possible heteroatom combinations (32) was
easily assembled as indicated, consisting of 18 (16 shown)
constitutionally and/or stereochemically diverse congeners.

Inspection of the results in Chart 1 reveals that, under
standard conditions, the nine processes behave similarly
irrespective of the heteroatom composition, providing ac-
ceptable yields of the expected adducts. threo,trans-Config-
ured compounds formed in all reactions, often accompanied
by substantial quantities of the corresponding C-4 epimeric
erythro,trans derivatives and/or threo,cis compounds. When
oxygen- and sulfur-containing modules 2a and 2b were
coupled to TBSOF and TBSOT (reactions 1, 2, 4, and 5),
threo,trans and erythro,trans adducts were obtained in
almost equimolecular ratios, while reactions involving the
N-Boc protected counterpart 2c (reactions 7, 8, and 9)
showed a more diastereoselective character favoring th-
reo,trans adducts. Furthermore, formation of 5,8-cis dis-
posed isomers was scantily observed (reactions 3, 6, and 9)
when nitrogen silyloxy diene TBSOP was employed. Indeed,
the presence of the N-Boc protective group within the
nucleophile and/or the electrophile modules influences the
stereochemical outcome of the process on some extent, as
compared to the behavior of the reactions involving the O,0,
S,S, S,0, and O,S heteroatom combinations, where formation
of C-4 epimerizable threo,trans and erythro,trans unsatur-
ated adducts preferentially formed.

The stereochemical assignment for the whole compound
collection in Chart 1 followed upon extensive 'H NMR

(7) The enantiomeric excesses of 2a—c were judged to be 96%, 92%, and
98%, respectively, based on Mosher ester analyses of suitable hydroxymethyl
intermediates. See ref 5c.

(8) This coupling maneuver can be regarded as a C-glycosylation reaction,
with the silyloxy dienes as acceptors and lactols as donors.

(9) For dinuclear compounds listed in Chart 1, we opted to utilize an
immediately explicative naming based on the heteroatom composition and
stereochemistry instead of the usual arabic numbering.
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Diastereoselective Synthesis of Dinuclear Templates Related to Annonaceous Acetogenin Core Units® ¢
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a General Procedures. Reactions 1, 3, 4, and 6: (a) 2, dry CH,Cl,, —80 °C; then silyl enol ether, TBSOTf (0.6 equiv); (b) SiO, chromatographic
separation of unsaturated isomers; (c) Hz, THF, AcONa. Reactions 2 and 5: (a) 2, dry CH,Cl,, —80 °C; then silyl enol ether, TBSOTTf (0.6 equiv);
(b) Hz, THF, AcONa; (c) SiO, chromatographic separation of saturated isomers. Reactions 7, 8, and 9: (a) 2, dry CH,Cl,, TBSOTf (0.6 equiv), —80
°C; then silyl enol ether; (b) SiO, chromatographic separation of unsaturated isomers; (c) H,, THF, AcONa. Further details in Supporting Information.
b The isomeric ratios were determined by integration of proper resonances in the 'H NMR spectra of the coupling reaction mixtures. ¢ The yields
quoted refer to combined yields of isomeric products for the two coupling/hydrogenation steps starting from 2. ¢ Two minor isomers isolated, namely,

erythro,trans-N,O (18%) and erythro,cis-N,O (11%).

investigations, as well as chirooptical'® and analogy studies.
threo,trans-O,0 and erythro,trans-O,0 constructs were re-
lated to known substances,*® while the threo,trans-O,N
derivative was the enantiomer of a reported, well-character-
ized synthetic intermediate.>® For a given series, the
isomeric unsaturated components were subjected to base-
catalyzed epimerization, which directly assessed their C-4
epimeric relationship.

The IH—'H coupling constants between the H-4 and H-5
protons within both unsaturated and saturated products as
well as the H-4 chemical shift values guided us to assign
the 4,5-threo/erythro relative disposition, with erythro com-
pounds exhibiting larger J values than the corresponding
threo counterparts (Ja5-erythro ~ 5—10 Hz; 34 5.threo &~ 3—8 Hz)
and upfield H-4 resonances.112

To conclude, the chemistry disclosed herein traces a
simple, highly efficient pathway to various dinuclear frag-
ments related to annonaceous acetogenins based on the

(10) As a rule, (4R)-configured 2,3-unsaturated butenolides and relative
compounds are dextrorotatory, while (4S)-configured counterparts are
levorotatory. See: Casiraghi, G.; Colombo, L.; Rassu, G.; Spanu, P.;
Gasparri Fava, G.; Ferrari Belicchi, M. Tetrahedron 1990, 46, 5807.

exploitation of three readily available modules, TBSOF,
TBSOT, and TBSOP, and which embodies divergence, flex-
ibility, and reiteration capability for structural diversity.

Supporting Information Available: Experimental proce-
dures including physical and spectroscopic data for the whole
compound series and molecular modeling details (12 pages).
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1987, 28, 4037. Figadere, B.; Chaboche, C.; Peyrat, J.-F.; Cavé, A.
Tetrahedron Lett. 1993, 34, 8093.

(12) The H-4—H-5 anti disposition was found to be energetically favorable
for the erythro isomers, as compared to the threo ones, and this behavior
was magnified for S,S-derivatives. For some representative dinuclear
fragments (X, X' = 0,0 and S,S), a molecular mechanics calculation was
performed (Sybyl 6.3, Tripos Inc. St. Louis MO), simulating a rotation
around the C-4—C-5 bond. The calculation of the relative populations of
anti and gauche conformations allowed the prediction of the mean J values,
which were in good accordance with the experimental ones, thus confirming
the discussed assignments. In particular, the calculated and observed J
values were: 4,5-threo-O,0: 4.4 Hz (obsd 2.5 Hz), 4,5-erythro-O,0: 6.4 (6.1),
4,5-threo-S,S: 7.7 (8.3), 4,5-erythro-S,S: 9.8 (10.5).



