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Annual Research Highlights

(1) “Synthesis of tetrasubstituted alkenes via selective
addition of trimethylstannyllithium to alkynes”

Selective synthesis of tetrasubstisuted alkenes has been a
long-standing challenge in organic synthesis. We found
that addition of trimethylstannyllithium to a diarylalkyne
occurs exclusively in an anti-fashion to afford the
corresponding (2-stannylvinyl)lithium intermediate. The
regioselectivity of this addition is controlled by steric and

electronic property of the alkyne, and reaches up to >99:1.

The bimetallic intermediate can be sequentially and
stereospecifically transformed into a tetrasubstituted
alkene as demonstrated by the stereoselective synthesis of
4-hydroxytamoxifen and its regioisomer (Fig. 1).
Similarly, a tetraarylethene having different aryl groups
can be also synthesized, and cyclized to afford a
multi-substituted dibenzo[g,p]chrysene derivative via
palladium-catalyzed arylation reaction.
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Fig. 1 Selective synthesis of two regioisomers of
hydroxytamoxifen.
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(2) “Iron-Catalyzed a-Arylation of Aliphatic Amines
via 1,5-Hydrogen Transfer”

Iron has been recently receiving much attention for
catalysis, because it is ubiquitous, inexpensive and
non-toxic. We achieved the o-functionalization of
aliphatic amines with aryl, alkenyl, and alkyl Grignard
reagents by combining the radical behavior and the
organometallic reactivity of iron. Thus, in situ-generated
organoiron species transferred an electron to the “radical
trigger” iodine group of 1, and the resulting aryl radical A
underwent fast 1,5-hydrogen transfer, followed by
recombination and reductive elimination to give the
functionalized amine 2 in  excellent yield.
a-Functionalized amines are ubiquitous motifs in natural
products and are of interest for medicinal chemistry.
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1.(1)-9) J. Am Chem. Soc., 132, 5568 (2010).
functions of

(3) “Self-assembly and biological
water-soluble fullerenes”

Fullerene amphiphiles form a variety of self-assembled
structure in water and possess unique functions. We
recently demonstrated that a fluorous fullerene
amphiphile forms a vesicle in water, mediated by the
cohesive power of fullerene (Fig. 3a). The hydrophobic
fluorous moiety covers the vesicle surface, and vesicle
solutions dissolve perfluorooctane. Unlike lipid vesicles,
the fluorous vesicle is very robust and retains its spherical
shape even on a solid substrate under high vacuum.

We also evaluated the efficacy of in vivo gene delivery
by water-soluble fullerene TPFE (Fig. 3b). Delivery of
EGFP by TPFE on pregnant female ICR mice showed
distinct organ selectivity compared with Lipofectin and
higher gene expression. Delivery of insulin 2 gene to
female C57/BL6 mice increased plasma insulin levels and
reduced blood glucose concentrations. To note, no acute
toxicity of TPFE was found, indicating the potential of
TPFE-based gene delivery for clinical application.
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Fig. 3 (a) Nanometer-sized fluorous fullerene vesicle soluble in
water. (b) In vivo gene delivery by cationic tetraamino fullerene
TPFE.
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