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Abstract:

Five papers from this study have been published: (i) synthesis of xanthenes, indanes and
tetrahydronaphthalenes via intramolecular phenyl—-carbonyl coupling reactions; (ii) syntheis
of ferrocenyl alkenes, dienes and enynes via samarium diiodide promoted tandem addition
and dehydration of ferrocenyl carbonyl with halides, (iii) samarium diiodide-promoted
sequential coupling-aldol-reduction reactions of ferrocene-substituted enones, and (iv)
synthesis of symmetric and unsymmetric 1,1'-dialkenylferrocenes via samarium diiodide
promoted reactions of 1,1'-diacetylferrocene with halides, (v) stereoselective synthesis of o-
lactones from 5-oxoalkanals via one-pot sequential acetalization, Tishchenko reaction and
lactonization by coorperative catalysis of samarium ion and mercaptan.

K eywor ds. samarium diiodide; coupling reactions; ferrocene; tandem reactions.

Lanthanide ions exhibit several characteristic properties, such as low basicity and strong
affinity to oxygen groups, which are useful properties in organic synthesis. Synthetic control
is a major theme in recent chemical research. The asymmetric reactions can be achieved by
substrate control of reactants having chiral auxiliaries or by chiral reagent. The method using
reagent control can be further elaborated to asymmetric catalytic reactions. To achieve
asymmetric catalysis in tandem reaction is an especially challenging problem.

(1) Synthesis of xanthenes, indanes and tetrahydronaphthalenes via intramolecular
phenyl—carbonyl coupling reactions (Fig. 1)'

Benzaldehydes and acetophenones bearing tethered carbonyl chains underwent the
intramolecular phenylcarbonyl coupling reactions, by mediation of samarium diiodide and



hexamethylphosphoramide, to afford the xanthenes and fused benzocarbocyclic compounds
containing carbonyl and hydroxyl substituents.
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Figure 1. The intramolecular phenyl-carbonyl coupling reactions gave the
xanthenecarbaldehyde, indane and naphthalene derivatives.

(2) Syntheis of ferrocenyl alkenes, dienes and enynes via samarium diiodide promoted
tandem addition and dehydration of ferrocenyl carbonyl with halides (Fig. 2)*

A practical method for preparation of ferrocenyl alkenes, dienes and enynes from
ferrocenyl carbonyls was explored. A one-pot operation using samarium diiodide to promote
the condensation reactions of ferrocenecarboxaldehyde, acetylferrocene, benzoylferrocene
and butanoylferrocene with benzyl bromides, allyl bromide, propargyl bromide and 1-bromo-
3-chlorobutane gave the olefinic products in very high yields. The condensation reactions
were also achieved by using catalytic amounts of Sml, with magnesium to regenerate the
divalent samarium reducing agent.
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Figure 2. Sml, promoted one-pot formation of ferrocenyl alkenes, dienes and enynes.

(3) Samarium diiodide-promoted sequential coupling-aldol-reduction reactions of
ferrocene-substituted enones (Fig. 3)°

On treatment with Sml, in THF, 1-ferrocenyl-3-phenyl-2-propen-1-one and its related
ferrocene-substituted enones underwent cyclodimerizations aldols with 3,4-trans
configuration. Further reduction by using increased amounts of Sml, produced the



corresponding diols. The stereoselectivity in this study was comparable with that in the Sml,-
promoted cyclodimerization of chalcones, but contrast to that in the Sml,-promoted
cyclization-aldol reaction of 1,1'-dicinnamoylferrocenes. The thienyl- and furyl-substituted
enones could be visualized as an extended system of conjugated ketone, so that the Sml,-
mediated coupling reactions occurred preferably by linkages of B-carbons with thiophene or

furan rings.
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Figure 3. The ferrocene-substituted enones underwent cyclodimerizations at 0 °C to afford
aldols on treatment with 1.1 molar proportions of Sml, in THF, and further reduction
occurred to give diols by using increased amounts of Sml, (2.2 molar proportions).

(4) Synthesis of symmetric and unsymmetric 1,1'-dialkenylferrocenes via samarium
diiodide promoted reactions of 1,1'-diacetylferrocene with halides (Fig. 4)*

Monoalkenylferrocenes were prepared from 1,1'-diacetoferrocene and appropriate benzyl
bromides by the promotion of samarium diiodide. A practical method for preparation of both
symmetric and unsymmetric dialkenylferrocenes was also explored. The reactions were
stereoselective to give only (E) double bonds. The unsymmetric dialkenylferrocene bearing
electron-donating substituent (e.g. methoxy group) and electron-withdrawing substituent (e.g.
cyano group) on different phenyl rings likely exhibits a large nonlinear optical property.
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Figure 4. The different reactivity of 1,1'-acetylferrocene against its monoalkenylferrocene
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derivatives allowed us to synthesize a series of unsymmetric dialkenylferrocenes with
exclusive (E) configuration.

(5) Stereoselective synthesis of o-lactones from 5-oxoalkanals via one-pot sequential
acetalization, Tishchenko reaction and lactonization by coorperative catalysis of
samarium ion and mercaptan (Fig. 5)°

By the synergistic catalysis of samarium ion and mercaptan, a series of 5-oxoalkanals were
converted to (substituted) d-lactones in efficient and stereoselective manners. This one-pot
procedure comprises a sequence of acetalization, Tishchenko reaction and lactonization. The
deliberative use of mercaptan, by comparison with alcohol, is advantageous to facilitate the
catalytic cycle. The reaction mechanism and stereochemistry are proposed, and supported by
some experimental evidence. Such samarium ion/mercaptan co-catalyzed reactions show the
feature of remote control, which is applicable to the asymmetric synthesis of optically active
O-lactones. This study also demonstrates the synthesis of two insect pheromones, (2S5R)-2-
methylhexanolide and (R)-hexadecanolide, as examples of a new protocol for asymmetric
reduction of long-chain aliphatic ketones.
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Figure 5. Conversion of 5-alkyl- and 5-phenyl-5-oxopentanals to 5-lactones by using the
pre-mixing and re-injection procedure. The deliberative use of mercaptan is proved to
facilitate the catalytic cycle, due to its strong nucleophilicity toward aldehyde and the high
aptitude of the thioester intermediate toward lactonization.
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