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Introduction

Zirconocene and titanocene are useful reagents and catalysts in organic synthesis. Our group
has developed novel methods for the formation of benzene derivatives. One representative case
is that the reaction of zirconacyclopentadiene with the third alkyne mediated or catalyzed by
Cu(l or nickel complexes give benzene derivatives. But this reaction is not successful for
titanacyclopentadiene. - However, Cp,TiCl, was found to be able to catalyze or mediate
trimerization of alkynes to produce benzene derivatives in the presence of an excess amount of
Li. A possible mechanism. is that the complex “Cp,Ti” is converted into the active complex
“CpTr” with Li. This is the starting point of my research. Then I focused on the development of
new reactions using CpTiCl;.
1. Trimerization of alkynes using CpTiCl; with reducing reagents

CpTiCls-mediated or catalyzed cyclotrimerization of alkynes proceeded to give benzene
derivatives using Li, Mg and tert-BuL.i as reducing reagent. Among them, Mg was more efficient
than Li and tert-BuLi. The product was obtained in good yield only when Mg was added into the
THF solution of CpTiCls and alkyne and then the mixture was stirred 3-6h at room temperature.
Li was used in same way. For example, the catalytic trimerization of 3-hexyne with 10 mol %
CpTiCl; and 3.5 equiv of Li or Mg gave the hexaethylbenzene in 52 and 97% yield, respectively.
In the case of tert-Buli, CpTiCl; was treated first with tert-Buli at ~78°C for 1 h, and then
alkyne was added to the solution. This reaction gave the product in moderate yield. In addition,
the CpZrCls/Mg and Cp,ZrCly/n-Buli systems could also mediate the cyclotrimerization of
terminal alkynes to form the corresponding benzene derivatives as a mixture of two isomers,
This is the first case of benzene formation using zirconium in one step. Using CpZrCl; with Mg
metal, trimerization of 1-pentyne provided the two isomer, 1,3,5 or 1,2,5-tripropylbenzene, in
73% combined yield and the ratio was 1/7.3. With Cp,ZrCly/n-BuLi, the same product was
obtained in 58%yield with the ratio of 1/1. The ratio of two isomer may be mainly dependent on
the steric bulkiness of the zirconium reagents and has no relation with alkynes. I tried the
catalytic reaction but not proceeded.
2.CpTiCl; and transition metal chloride-catalyzed dechlorination of aryl chloride

Qur group has demonstrated that Cp,TiCl,/RMgX is a very efficient catalytic system for
dehahogenation of aromatic chlorides. To extend this kind of method, I used CpTiCly/RMgX for
dehahogenation of aryl chlorides. The reaction of 2 (or 3, 4)-chloroanisole with n-BuMgCl (3eq)
in the presence of 10 mol % CpTiCl; afforded anisole in high yields even at room temperature.
But it did not proceed with MeMgBr and PhiCH,MgCl. The dechlorination of 2,5-dichloroanisole
gave anisole in 77% yield. The other Group 4 compounds show low catalytic activity except for
Cp,TiCl,.

I also examined other transition metal chlorides with Grignard reagents for dechlorination.
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CrCls, VCl;, FeCl; and NiCl, showed higher catalytic reactivity than the others, especially FeCls
and NiCl,. I selected FeCl; as the catalyst and studied in detail. The reactions with different aryl
chlorides and 1-PrMgBr or n-BuMgCl in the presence of 10% FeCl; at 50 °C gave the
dechlorinated products in high yields. Interestingly, using MeMgCl and PhCH,MgCl without
aliphatic B-hydrogen, anisole was also obtained in 21% and 41%, respectively.

3. CpTiCl; or Cp,TiCl, and transition metal chloride-catalyzed defluorination of aryl
fluorides ’

C-F bonds are the strongest single bond in organic halides. Defluorination of aromatic fluoride
have been shown in several examples. Most cases used late transition metals as catalyst. Based
on the results of dechlorination of aryl fluorides, the systems of CpTiClz, Cp,TiCl; and transition
metal chlorides with Grignard reagents were extended to defluorination of aryl fluorides. The
defluorination of 1-fluoronaphthalene with n-BuMgCl (3eq.) and 10 mol % CpTiCl; provided
naphthalene in 80% NMR yield. In the case of Cp,TiCl,, the same product was produced in 88%
NMR vyield. A variety of aromatic fluorides were examined and the results show that Cp,T1iCl,
gave the desired products with higher yields than CpTiCls. For example, the reaction of
3-fluoropyridine with Cp,TiCl, and CpTiCl; gave pyridine in 74% and 45% yield, respectively. I
have tried the stoichiometric reaction but it did not proceed. It means that the reaction needs an
excess of Grignard reagents.

Among the screened transition metal chlorides, CrCls, VCl;, FeCl; and NiCl, revealed to be
very efficient and other transition metal chlorides show lower activity. Here, CrCl; and VCl;,
have show higher catalytic activity then FeCl; and NiCl,. The reaction of 1-fluoronaphthalene
and n-BuMgCl with CrCl; and VCl; gave naphthalene in 82% and 79% yields, respectively. The
defluorination of 6-fluoro-2-methylquinoline with CrCly and FeCl; gave 2-methylquinoline in
6% and 63% yield, respectively.

4, CpTiCL and transition metal chloride-catalyzed C-C bond formation via C-F bond
activation

When phenethylmagnium chloride was used in CpTiCls-catalyzed defluorination reaction of
1-fluoronaphthalene, interestingly, the C-C bond formation product "1-phenyl-1-naphthylethane
was obtained in 85% yield. This is the first case which early transition metal catalyzed C-C bond
formation via C-F bond activation. Some other. Group 4 compounds were also tested for this
reaction. Cp,TiCl, and Cp*ZrCl; gave the product in moderate yields (60%, 57%) and TiCl and
ZrCl, showed lower catalytic reactivity (22%, 18%).

I also tried the C-C bond formation using transition metal chlorides. TaCls demonstrated the
high catalytic reactivity and the coupling product was obtained mm 88% yield When
polyfluoroarenes were used as substrates, the high regioselective products were obtained. The
reaction of hexafluorobenzene with 1.5 equiv of PhCH,CH,MgCl in the presence of 5 mol %
TaCls gave the mono-coupling product in 81% yield. And the double-coupling product was
obtained in 55% yield using 3.0 equiv of PhCH,CH,MgCl and 10 mol % TaCls.

5. Conclusion

CpTiCls-catalyzed new reactions were developed. Trimerization of alkynes catalyzed by
CpTiCl; with Li, Mg and tert-BuLi afforded benzene derivatives. The system of CpTiCly/ RMgX
shows the efficient catalytic reactivity for dehalogenation of aryl-X (X = Cl, F). Interestingly,
C-C bond formation products were obtained through the C-F bond cleavage in the defluorination
of 1-fluoronaphthalene with CpTiCly/PhCH,CH,MgCl. TaCls was found to have the high
catalytic activity for the coupling reaction and show high regioselectivity for polyfluoruarene.
The mono- and double-coupling products were obtained respectively.
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