Organometallic Chemistry Laboratry

HOU, Zhaomin (Ph.D)

1.
2.
3.
() () )
1/[PhsC][B(CeFs)4] SiMe;
Crae
=z 2oIMes
(Scheme 1) . 1
(2-76 mol %) A PhCIB(CeFs)]
SiMes

rrrr > 99%
styrene content: 2-76 mol%

Ci$-1,4- 3,4- J
7
2 =
¥
(rrrr>99%) ! A prcIBCF s n AN,
[PhMezN}-(iJ]r[B(C5F5)4] poly(isoprene-co-DCPD)

isoprene content: 33-86 mol %

Scheme 1. Scandium half-metall ocene-catalyzed syndiospecific styrene-isoprene
copolymerization and norbornene-isoprenecopolymerization.
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Scheme 3. Catalytic addition of phosphine to carbodiimide
and cross-coupling of acetylene and isocyanide.
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Scheme 4. Cu-catalyzed carbonylation of aryl- and alkenylboronic esters
with CO,.
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Key Sentence :

1. Design and synthesize new complexes having novel structures
2. Explore new chemical transformations

3. Create new functionalized materials
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Purpose of Research

Our research interests cover broad areas of organometallic chemistry, which include synthesis of new
complexes having novel structures, development of more efficient, more selective catalysts for olefin
polymerization and organic synthesis, and exploration of new chemical transformation processes by
use of organometallic compounds. Much of our work lies at the interfaces between inorganic, organic,
polymer and material chemistries. Researchers in this laboratory have access to the state-of-the-art
inert atmosphere workstations and other modern facilities for organometallic and related researches.

1. New single-site catalysts for regio- and stereospecific olefin polymerization and copolymerization
(Hou, Nishiura, L. Zhang, Li, H. Zhang, H. Wang, pan, Huang, Guo)

Aiming towards the creation of new, high SiMe,
performance polymer materials, a part of our ‘
research program focuses on developing highly 0" CH,SiMes
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controlle_d Slmply by Changmg the ISOprenE/norbornene Scheme 2. Isoprene polymerization with yttrium amidinate catalysts:
feed ratio to give the corresponding random copolymers switching the resio- an tereoselectivity by addition of AlMe,
with a wide range of isoprene content (33—86 mol%). It is usually difficult to incorporate isoprene into a
cyclic olefin copolymer by other catalysts.

On the other hand, an amidinate ligated yttrium complex 3 is a unique catalyst precursor for the
polymerization of isoprene (Scheme 2). Complex 3 shows extremely high activity and excellent
3,4-isospecificity for the polymerization of isoprene in the presence of one equivalent of
[Ph3C][B(CsFs)4] (3,4-selectivity 99%, mmmm = 99%). More remarkably, however, the regio- and
stereoselectivity of this catalyst system can be switched from 3,4-isospecific to 1,4-cis selective simply
by adding an alkylaluminum compound, such as AlMes. Although the polymerization of isoprene by
various catalyst systems has been studied extensively, such a dramatic switching of the regio- and



stereoselectivity is, to our knowledge, unprecedented.

2. New organometallic catalysts for efficient organic synthesis (Hou, Sakamoto, Suzuki, Takimoto,
Nishiura, Ohishi, Oyamada, Yu, Rai, Usami)
We also focus our efforts on developing new, efficient, and

selective catalytic methods for organic synthesis using our rare ﬁ

earth complexes. Half-sandwich rare-earth metal aminobenzyl LN
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Scheme 3. Catalytic addition of phosphine to carbodiimide

selectively the corresponding (2)-1-aza-1,3-enyne products for andcrosscoupling of acetylene and isocyanide.
the first time (Scheme 3).

The use of carbon dioxide (COz2) as a C1 building block
for chemical synthesis is of much importance and
interest, not only because of the value of the products cU
but also because of its potential contribution to the 0
reduction of the greenhouse gas. The combination of F Bo>< -BUOH
N-heterocyclic carbene copper(l) catalyst 6 with tBuOK  Scheme 4. Cu-catalyzed carbonylation of aryl- and alkenylboronic esters
can serve as an excellent catalyst system for the with CO.
carboxylaton of aryl- and alkenylboronic esters with CO2, leading to selective formation of various
functionalized carboxylic acid derivatives. Further studies on catalytic fixation of CO2 with other
substrates are under progress.
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3. Syntheses, structures, and reactivity of multimetallic rare earth metal polyhydride complexes (Hou,
Nishiura, Shima, Konnno, Z. Wang, Guan)

A four-coordinate hydrogen atom has been unambiguously located, by
single-crystal neutron diffraction for the first time, in the center of the
tetrahedral metal complex (Cp’)4Y4sHs(THF) (Cp’ = CsMesSiMes) which was .
prepared via the reaction of Cp’Y(CH2SiMes)2(THF) with gaseous Hz. The Tl L 20
core of the molecule consists of a tetranuclear cluster with one interstitial, -
one face-bridging, and six edge-bridging hydride ligands (Figure 1).

Comparison of metal-hydride bonds based on neutron diffraction analysis ¢, e 1 the core structure of yttrium
suggests that, in contrast to 6-coordinate hydrogen atoms (for which there polyhydride complex.

is more than enough room to rattle around the six-atom cavity), a 4-coordinate cavity is much less
spacious, and, consequently, a hydrogen atom in a tetrahedral site is much more likely to be bound
more tightly as compared to its 6-coordinate analogue.

d—f Heterobimetallic hydride complexes consisting of a lanthanide (f-block) metal and a late d—block
transition metal are of much interest because of the synergistic effects that may result from the two
substantially different metal centers. Despite continuous interest in this area, well-defined d-f
heterometallic hydride complexes are still limited. In this fiscal year, we have investigated the
synthesis, structure and reactivity of the d—f heterobimetallic hydride complexes which are constructed
by use of a half—sandwich lanthanide unit. The reaction of the half-sandwich lutetium dialkyl complex
Cp*Lu(CH2SiMes)2(THF) (Cp* = CsMes) with ruthenium trihydrido phosphine complexes
Cp*Ru(PR3)Hs (Rs = Phs, Pha2Me, PhMe2, Mes) afforded the corresponding Lu/Ru heterobimetallic
dihydride complexes, accompanied by selective C—H bond activation of the phosphine ligand. The
reaction of such a resulting phosphinomethyl-bridged Lu/Ru complex with PhSiHs led to selective
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dehydrogenative silylation at the “CH2" unit.
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