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Chapter 1. General Introduction. - . ,

Recently early transition metal complexes have éttracted attention and
applied to organic synthesis. She has focused C-C bond formation using these
complexes, especially zirconocene. She described the background of zirconium
chemistry.
Chapter 2. Isolation and Characterization of the Ethylene-Bridged Zirconocene
Complex (Cp:ZrMe):(CH2CH:) R

Recently, zirconocene complexes have attracted attention in the olefin
polymerization reactions. Some intermediate model complexes have been prepared
and characterized. For example, Cp:ZrR" complex is proposed as active species
of polymerization and characterized by X-ray analysis. However, the coordi-
nation or interaction of olefins such as ethylene with Cp:ZrR* complexes has
remained studies.’ They isolated a novel zirconocene complex having simultane-
ously both methyl and bridging ethylene ligands.

The ethylene bridged zirconocene complex was prepared from the
reaction of ethylene complex [Cp:ZrEt(CH:=CH:)]MgBr 1 and Cp:ZrMe: 2 in 43%
yield (eq 1). It could be alternatively prepared by the reaction of 2 with
about 0.8 equiv of EtMgBr. Golden yellow crystals of 3 were obtained in 37%
yield when diethyl ether was slowly added to‘the reaction mixture.

‘ Me
Cpozr---|
MgBr* + Cp,zrMe !
[ & | Pacitiee == Cpzr-—-|--21Cp, ()
1 5 Me 3

The novel complex 3 has been characterized by NMR and X-ray
crystallographic method. It clearly shows a side-on bridgedu -y ‘—ethylene
molecule and one methyl group on each zirconium atom.

The reaction of 3 with 4-octyne is similar to that of Cp:Zr(CH:==CH:)
or zirconate complex 2. The reaction afforded (Z)-4-ethyl-4-Octene in 29% yield
after hydrolysis along with the formation of the 4-Octyne dimmer (F,E)-5,6-
dipropyl-4, 6-decadiene in 29% yield.

Chapter 3. Copper catalyzed C-C Bond Formation Reaction of Allylzrconation
Products of Alkynes

Recently they have reported the allylation reaction of alkynes via
zirconacyclopentenes 4 to give trisubstituted alkenylzirconocenes 5. In order
to use of the alkenylzirconocene compound 5 for further reactions, tHey
investigated C-C bond formation reactions. During the course of our study, she
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found 5 reacted with allyl chloride in the presence of copper catalyst and gave
stereodefined 1,4,7-trienes 6 in high yields (eq 2).

, R
R‘ o R1 3 R2
‘ szZfEtz ~ Rz R \/\/X Cp Zr ==
| —— Cpxr - T A
RQ
4 5
4¢¢\\//CH

oo
3w

cat. CuCl/2LiCl

(2)

Chapter 4. Zirconium Mediated or Catalyzed Highly Stereoseleclive Cyclization of
1,4,7-Trienes | ' '

Stereodefined 1,4,7-trienes 6, which were obtained from double
allylation reactions of alkynes using zirconocene and copper catalysts, are very
attractive reagents for intramolecular olefin-olefin coupling mediated or
catalyzed by transition metal to afford 6-membered ring. However, the major
problemn concerns the stereoselectivity of the cyclized products.. The
stereochemistry of a cyclization reaction of 1,6-heptadlene was elegantly
controlled, using the (CsMes)ZrCls (99% cis isomer). However, use of the
commercially available Cp:2ZrCl: afforded a mixture of stereoisomers and the
presence of minor isomer is critical problem for further reactions. They found
that the cyclization reactions of 1,4,7-trienes using a stoichometric or
catalytic amount of Cp:ZrCl: give only cis isomers (>98% stereoselectivity) in
high yields (eq 3).

R‘j!\//\\/ Cp,ZrBu, R‘:CC
- ZrC (3)
R N n2 P2

Chapter 5. Novel Syntheses of Eight-Membered Ring Compounds from Zirconacyclo-

pentadienes

The eight-membered ring system is an attractive synthetic target since
natural products such as cyclooctanoid terpenes contain this system. One of the
most exciting approaches for the ring system is the intramolecular direct
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bicycliation of dienes, enynes, or diynes using zirconocene. However, this type
of direct cyclization reaction has a critical limitation for the ring size.
She described the novel copper-catalyzed diallylation reaction of
zirconacyclopentadienes to give the tetraenes and novel 8-membered ring
formation from the tetraenes using zirconocene. |

She has reported the Cu-catalyzed allylation reaction of
trisubstituted alkenylzirconocenes in Chapter 3. This reaction was applied to
zirconacyclopentadienes which can be readily prepared in high yields by the
reaction of two alkynes or diynes with Cp:Zr(II) species.
Zirconacyclopentadienes 7 reacted with 2 equiv of allyl chloride in the presence
of either a catalytic or a stoichiometric amount of CuCl and LiCl (or Mg) salts
to give diallylation products 8 in high yields (eq 4).

1 R1
R2 _ 2 equiv. _~_-Cl R2
__,ZiCpy = S
RS cat. CuCILIC| RN N
R L4
/ 8

The reaction of tetraenes 8 with I equiv of Cp:ZrBu: and subsequent
carbonylation or oxidation gave 8-membered 5-membered fused ring ketones 10 and
8-membered ring diols 11 in high yields, respectively. They were characterized
by 'H and '°C NMR and X-ray analysis (Scheme 1).

Scheme 1

R’ R

RN Cp,ZrBu, R?

R4
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Chapter 6. Chemoselective Carbon-Carbon Bond Formation Reactions of
Zirconacyclopentenes

Zirconacyclopentenes 4, which are prepared from alkynes and alkenes on
ziroconocene, contain both alkenylzirocnium and alkylzirconium moieties.
Chemoselective transformation of these different Zr-C bonds is attractive, and
several reactions of zirconacyclopentenes with various reagents have been
reported. However, chemoselective C-C bond formation reactions of4 have not
been intensively investigated and only a few examples are known. She
investigated chemoselective C-C bond formation of zirconacyclopentenes.

She has reported that allylation of alkenylzirconocene compounds
proceeds in the presence of copper and lithium or magnesium salts in Chapter 3
(eq 5). Also Lipshutz et. al. reported a similar allylation of alkylzirconocene
compounds (eq 6).

2
R2 1 /\/Cl R 1
Cp Zr/K(R ~ MR ©
2 l 5 Cu(l), LiX B3
X R
CpZZr\/\/ > /\/\/R (6)
Cl Cu(l), LiX'

She describes which Zr-C bond of zirconacyclopentenes 4 react with
allyl chloride, and whether the allylation reactions (R=allyl) of 4 proceed
selectively to give either 12 or 13 provided by method A and B, respectively
(Scheme 2).

Scheme 2 .
2
R-X X R

Y e/ (weman)
\ R2 Method A 12
Cpylr

R1
4 2
R-X N0

~ R

Method B 13

The reaction of 4 with allyl chloride in the presence of a copper salt
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and a lithium or magnesium salt proceeded at the alkenyl carbon on zirconium
with high selectivity (Method A) and gave compounds 15 (eq 7). Alkylzirconoce
intermediate 14 was characterized by 'H and '°C NMR.

1 Rt =
A RZ /\/Cl R2 H* RQ
CpZZr o Cp.Zr 3 (7)
Cu'/Li* or Mg2* P2
Cl
4 : V 14 15

" 0On the other hand, selective allylation at the alkyl carbon 16 was
achieved by treatment of 4 with a copper salt and a lithium or magnesium salt,
methanol and allyl chloride (Method B).

i Rt ] Cl
R , 1equivCuCl R2 MeOH &
)C(R — cu™ . -
Cpa2r CP?_ZIV Cu'/Li* or Mg?*
4 e |
R1
RQ
AN
(8)
e
16
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