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Transition metal compounds are very useful in organic synthesis. Many reactions
have been developed using transition metals. However, the use of group 5 and 6 metals
is still relatively limited. Therefore, I focused on the use of high-valent group 5 and 6
metal halides in this field.

1. Cyclotrimerization of alkynes using MoCls with main group metals’

First, I investigated the combination system of MoCls with main group metals. It
is well known that alkynes react with MoCls to give polymers via metathesis reaction.
During the course of my study on the reduction of MoCls by main group metals, I found
that alkynes trimerized to give benzene derivatives. The yields of benzene derivatives
were dependent on the reducing metals in the order of Al > Sn > In > Zn > Mg > Li.
Interestingly this order is closely parallel to the acidity order of the descendant Lewis
acids, AICl3 > SnCly > InCl; > ZnCl, > MgCl, > LiCl.

Dimerization or trimerization of 1,7-octadiyne, the formation of bicyclic
compounds of cross-trimerization of o, w-diyne with another molecule alkyne suggests
the trimerization of alkynes mediated by MoCls/Al can be explained by a stepwise
cyclization presumably involving a molybdacyclopentadiene.

2. Efficient cleavage of C-O bond of ethers by high-valent group 5 and 6 metal
halides™

Cleavage of the C-O bond of ethers is important transformation in organic
synthesis. I found MoCls, WClg, NbCls and TaCls were very efficient catalysts for
acylétive cleavage of the C-O bond of ethers. Compared with the well-known
conventional Lewis acids catalysts such as ZnCl,, AlCl;, SnCly and TiCly, MCls_g
showed better results in the reaction of dibutyl ether with benzoyl chloride. Various
ethers can be selectively cleaved in high yields. Moreover, I found that the C-O bond
cleavage reaction by using MX5_g could proceed without acid chloride. This is in sharp
contrast to the conventional mechanism involving the formation of a cationic species,

RCO%, produced by the reaction of the catalyst and acid chlorides.



3. Stoichiometric cleavage of the C-O bond of cyclic ethers and in situ
eight-membered ring formation by the reaction of styrene oxide with MoCls

Epoxides and other cyclic ethers are amohg the most versatile intermediates in
organic synthesis. Most of the research was concentrated on the ring-opening reaction
of epoxides and cyclic ethers by using Lewis acid leading to the formation of
halohydrins. The present work revealed that different ratio of cyclic ether to MXs_¢g
gave different product distribution. For example, when leq THF reacted with leq
MoCls, a sole product, dichlorobutane, was obtained in 88% yield. Interestingly, when
the ratio of THF to MoCls increased to 4:1, dichlorobutane remarkably decreased to 8%
with increase of the dimerized compound up to 83% yield. Furthermore, when styrene
oxide reacted with MXs.¢ in DCE, unexpected 8-membered ring compound
2,3,6,7-dibenzo-9-oxabicyclo[3,3,1]nona-2,6-diene was obtained. Interestingly, when
the reaction was carried out in CgHs, another 8-membered ring product, a
tribenzobicyclo[3, 3, 2]decatriene was obtained. Their structures were confirmed by
single crystal X-ray analyses.
4. Aromatic C-H bond activation and catalytic H-D exchange reaction
4-1. Aromatic C-H bond activation and coupling reaction

Transition metal catalyzed cross-coupling between organometalic species and aryl
halides is a powerful synthetic tool for aryl-aryl C-C bond formation. I found that
MoCls could activate the aromatic C-H bond leading to in situ aryl-aryl C-C bond
formation. For example, 1-methoxy-2-methylbenzene reacted with MoCls at r.t. for 1h,
4.4'-dimethoxy-3,3'-dimethylbiphenyl was obtained in 72% yield with high selectivity.
This method would obviate the preparation of precursors, ArX, organometallic species,
which are frequently involved in conventional coupling events.
4-2. Catalytic H-D exchange reaction of aromatic compounds

Interestingly, when the reaction of the styrene oxide with MX5_¢ was carried out
in CgDs, all the hydrogens of aromatic compounds were changed to deuterium. This
result prompted me to investigate the H-D exchange reaction of naphthalene as a
representative compound using various Lewis acids. I found that group 5 and 6 metal
halides were very active for H-D exchange of aromatic compoﬁnds.
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