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and its MR effect was very large even under low magnetic
field which is the desired feature for application of MR dev-
ices. Although unclear at this moment, this paper de-
monstrates that high MR materials under low magnetic field
are possible by controlling the doping level of a certain sys-
tem.
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Alkene-alkene coupling reactions mediated by an or-
ganometallic species have been a subject of intense research
interests in organic synthesis." A particular case is the dim-
erization reaction involving the bond formation between sp®
carbon centers. Besides the classical Ulmann coupling,
many methods of alkene-alkene dimerization using a copper
species have been known. Methods using other metals in-
cluding Ni, Pt, Pd, and Rh have also been reported. Some
of the representative substrates used for these dimerization
processes are alkenyl halides, alkenylboranes, alk-
enylmercury species, and alkenylstannes.

Since the pioneering investigation by Kagan and co-
workers, samarium(Il) iodide has been a useful reagent in
synthetic organic chemistry because it promotes various or-
ganic transformations.” Kagan and other research groups
have also reported the coupling reaction of acyl halides
mediated by samarium(Il) iodide to produce o.-diketones or
o-ketols.® In the presence of ketones and aldehydes, the ad-
dition of an acyl moiety to the carbonyl group has been
also observed. An acylsamarium species, RC(0)-Sml,, has
been suggested as the key intermediate. This species, then,
reacts with electrophiles such as acyl halides, aldehydes,
and ketones.

"Dedicated to Professor Yoshito Kishi on the occasion of his
60th birthday.

Since the formation of an acylsamarium species as the
key intermediate has attracted attention, we have been in-
terested in the reactions of B-halo-o,B-unsaturated enones in
the presence of samarium(Il) iodide. These compounds can
be considered as vinylogous acyl halides (eq. 1). The for-
mation of a vinylogous acylsamarium species would be of
interest with respect to the preparation of coupled products
bearing an interesting structural unit.

The necessary B-iodo-o,B-unsaturated enones are easily
prepared by the methods reported in the literature.* Results
of samarium(Il) iodide-promoted reactions of B-iodo-o,B-un-
saturated enones are summarized in Table 1.

As expected, the dimerization of the starting B-iodo-o.,B-
unsaturated enones occurred to give the corresponding con-
juguated 1, 6-ketones (entries 1-6).° The six-membered ring
cases are more efficient substrates than the five-membered
cyclic compounds.® The exocyclic B-iodo-o,B-enones also
provided the dimerization products efficiently (entries 7-9).
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Table 1. Dimerization of B-iodo-o.,3-unsaturated enones’
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#2.2-2.6 equiv. of Sml, were used.

All the reactions proceeded under very mild conditions
(—78 °C) and completed as immediately after the cor-
responding substrates were introduced to the reaction medi-
um.

In order to gain more insight into the reaction mechanism
and the reactive intermediates, we have performed the cross-
coupling reactions, that is, two substrates were mixed (in
equal amounts) and subjected to the reaction conditions.
The corresponding coupled products were isolated. An
equimolar mixture of 3-iodo derivatives of 2-cyclohexenone
and 2-cyclopentenone generated approximately equal
amounts of dimers of 2-cyclohexenone, 2-cyclopentenone,
and the cross-coupled product (eq. 2). A similar experiment
has been performed with a mixture of 2-iodomethy-
lenetetralone and 3-iodo-2-cyclohexenone to give the ex-
pected cross-coupled and the dimeric products (eq. 3). As
regards the rate of generation of the corresponding reactive
species (either a radical or organosamarium species), the
yields of the dimeric products and the corresponding cross-
coupled products indicated that the rate for the formation
of the cyclohexenone dimer appeared to be faster than for
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the dimerization of cyclopentenenone or exomethylenetetr-

alone.
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Our efforts to obtain the coupled products of these
enones with electrophiles, such as carbonyl groups of al-
dehydes, epoxides, or alkyl halides have met with failure so
far and only the dimerization products were observed under
the reaction conditions described. Several observations are
worth mentioning. First, approximately 2 equiv. of
samarium(Il) iodide are required for the optimum yield of
the dimerization of 3-iodo-2-cyclohexenone (81%). With
less than 2.2 equiv. of samarium(ll) iodide, decreased dim-
erization yields with recovered starting materials were ob-
served. Consequently, 2.2-2.6 equiv. of samarium(Il) iodide
were used throughout the reactions shown in Table 1. Use
of more than 3 equiv. of samarium(ll) iodide also decreased
the yield. The addition of HMPA was required to achieve
better results. In the absence of HMPA, usually lower
yields of the desired dimerized products were obtained or
decomposition of the starting materials was observed. Per-
forming reactions with or without a proton source such as ¢
BuOH did not make any appreciable difference to the out-
come of the reactions. This could support the view that rad-
ical types of the reactive intermediate are involved in the
reaction. We presume that the key intermediates such as a
radical species are involved in the course of the reactions,
although involvement of the organosamarium species as the
reactive intermediates cannot be ruled out and more studies
are needed to understand the details of the reaction mechan-
ism.

The dimerization reaction under the conditions described
here appear to be specific to the case of cyclic enones as
shown in Table 1. Preliminary studies on this coupling reac-
tion with other types of substrates such as B-iodo-o,f-un-
saturated esters (either cyclic or acyclic) and acyclic a-iodo-
o,B-unsaturated ketones were not successful.

In conclusion, the dimerization of the PB-iodo-o,B-un-
saturated enones by samarium(Il) iodide has been shown to
be very facile to give the conjugated 1,6-dicarbonyl com-
pounds which are not easily accessible by other synthetic
routes. The products obtained from the samarium(ll) iodide-
promoted reaction here can be useful as interesting sub-



1242  Bull. Korean Chem. Soc. 1997, Vol. 18, No. 12

strates or key intermediates for many synthetic applications.
Further studies on the reactions are in progress.
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Cephalosporins have been a subject of synthetic efforts
due to their antibacterial activities against many infectious
diseases. For the synthesis of cephalosporin derivatives, in-
troduction of substituents at the 3-position has attracted
much attention.> Although 7-aminocephalosporanic acid
(ACA) has been used extensively as a key starting material
for preparing cephem derivatives via the bond formation at

"Dedicated to Professor Sang Chul Shim, KAIST, on the
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the 3'-position (i.e., carbon adjacent to the 3-position), direct
introduction of the substituent by a wide variety of ways
has also been developed. The 3-cephem triflate has been a
useful substrate for introducing substituents to the cephems.
If the carbon atom of the 3-position of cephems is bonded
to a heteroatom, such as oxygen, sulfur, or nitrogen, the
cephalosporin derivatives are easily prepared by the reaction
between the corresponding heteroatom nucleophiles (for ex-
ample, thioheterocycles and N-heterocycles) and the cephem
sulfonates.> The cephem triflate can be used extensively



