Organometallic Chemistry Laboratry

HOU, Zhaomin (Ph.D)

1.
2.
3.
4.
5.
d-f EL
() ) ()
la 1b [PhsC][B(CsFs)4]
(Scheme 1, )
82-90 mol % cis-1,4-
85-92% cissl 4-
MulMn = 1.1-1.4
1c-1e [Ph3C][B(CsFs)4] [PhMe2NH][B(CsFs)4]
(Scheme
1, ) 3,4-

3,4- 68-82%



P8
\

i _-Sc_
(Me3SiCHy), THF

1c (R = H)
1d (R = Me)

/ [PhsCl[B(CeFs)a]

=R
\

. —Sc_
(Me3SiCHz),  THF

BN

n or

i

__ Sc'OMe
(Me3SiCHz), 14

3,4-selectivity: 85-92%

Scheme 1. / [PhMe,NHIB(CoFo)d
()
[Ph3C][B(CsFs)4]
(Scheme 2)
TBDPS

1a (R = H)
= 1b (R = Me)

/ PhaCIIB(CeF)]

Sc

D e R
|

.Sc.
RIPORL (cat.)

X yn

isoprene content: 82-90 mol %
cis-1,4-selectivity: 85-92%

9-BBN

. E E
R
= RO - [Phsc][B(C6F5)4] (Cat.) Ro\(\a)\r Me RO. M
7 N + MezAl or e
Ro‘@n/ or \92/\;( ©s toluene n \QZ/K,\/
+ R' N
= tert- i 2)E
R = tert-BuPh,Si, Bn E = H, allyl, OH, etc
Scheme 2.
(9-borabicyclo[3.3.1]nonane)
* Cp*
C .
P _Rh_
oc” °co H;”C\ /C\H3
Cp'—Y. Y—-Cp
Ny Y HT
2 cp' Oﬂ\q A
d- CWM@@zWﬁzcziﬁ_ﬂ Y
N .
Rh, Ir) d- H \{,/\' o) 3P
AN\ Cp' —
Cp) HN 77 *
/ _-H Cp
H\ / / C * '
Y\H p |r\
ch " HsC | ™CH,
P oc” >co LMH LD
X ) Cp'*Y\‘\ \Y/ H,Y*Cp'
2 Cp*Rh(CO)2 Y/Rh o /Y
3 Cp'/ Y\c ,
Cp*lr(CO)z Scheme 3. 4 p

21



/Pt

12 :SiMe3
\

Ln—CH,SiMe;

THF “CH,SiMe,
Scheme 4.
5
EL

d-
Scheme 4
Scheme 5

\QSN%
1

d-f
Cp

X X
HF=Ln ; 7 PtMe;(cod) } ; _PPh,
[CP*WH,], RZANT | wwPPhy  —— | _-P{—Me
e —— ' HH ‘ /Ln\ /Ln\ /’\
w=H=\, Me;SiH,C CH,SiMe, MesSiH,C™ CcH,Me
*cp” YHTCp* SiMe,
Ln=Y, Lu Ln=Y, Lu
Scheme 5. X = CH,, SiMe,
Rai
EL _ _
N
) ; )Y
NP N
N )\
EL 2 5
L 2
_ 6
Figure 1.
Ir
Figure 1 5 6 (
6
5 6 CPB 4,4-N,N-dicarbazoylbiphenyl
CPB 5 6
5 6



Key Sentence :

1. Maximize our capability of breaking and making a desired chemical bond
2. Explore and utilize the potential of untapped elements and resources

3. Create new catalysts having novel structures and functions

4. Develop efficient, selective chemical transformations

5. Create novel functional materials
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organometallic chemistry, coordination chemistry, organometallic catalyst, molecular catalysis, organic
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d-f heteromultimetallics, phosphorescent materials, organic EL device

Outline

The main objective of our research is to develop new generations of molecular catalysts. Novel catalysts
can facilitate novel reactions that have been previously considered impossible, lead to more efficient,
selective chemical transformations, and can also help us to make innovative functional materials that
can not be made by previous means. The primary focus of our research is the development of our
original catalysts. We have paid special attention to rare earth elements (group 3 and lanthanide
metals), as we believe that the exploration of the potential of untapped elements is an important
strategy for the development of new catalysts that are complementary or superior to the existing ones.
Our research interests span broad areas of organometallic chemistry, ranging from the preparation,
structural characterization, and reactivity study of metal complexes having novel structures to the
design, synthesis, and application of organometallic catalysts for precision polymerization,
fine-chemicals synthesis, small molecule activation and utilization, and materials innovation.

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

Aiming towards the creation of novel high-performance polymer materials, a part of our research
programs focuses on developing highly active and selective polymerization catalysts on the basis of the
unique character of the rare earth metal complexes. Recently, we have found that a combination of a
half-sandwich scandium complex la or 1lb, having a relatively smaller ancillary cyclopentadienyl
ligand, with [PhsC][B(CsFs)s] can serve as a excellent catalyst system for the copolymerization of
ethylene and isoprene (Scheme 1, right). The copolymerization proceeds in highly regio- and
stereoselective manners to give the corresponding random copolymers with high isoprene contents
(82~90 mol %) and predominant c¢is-1,4-structures (up to 92%) in narrow molecular weight distribution
(MwlMn = 1.1-1.4). This is the first example of highly cis-1,4-specific isoprene-ethylene random
copolymerization. The copolymers obtained by this novel system are elastomers which are soluble in
common solvents without any gelation and could serve as promising new polymer materials. In
contrast, the copolymerization of isoprene and ethylene by a combination of a half-sandwich scandium
complex 1b -1e, having a relatively bulky ancillary cyclopentadienyl ligand, with a borate compound
such as [PhsC][B(CsFs)s] or [PhMe2NH][B(CsFs)4] produced, for the first time, almost perfect
alternative isoprene-ethylene copolymers (Scheme 1, left). The resulting copolymers have high
molecular weights and narrow molecular weight distributions (Mh up to 4.6 x 105 Mw/My = 1.1-1.8)
with high 3,4-configurations (68-82%).
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2. New organometallic catalysts for efficient organic synthesis (Hou, Takimoto, Nishiura, Ohishi,
Oyamada, J. Wang, L. Zhang, Guan, Usami)

We have also focused our efforts on developing new, efficient, and selective catalytic methods for
organic synthesis using our rare earth complexes. Recently, we have found that a combination of the
half-sandwich scandium complex with [PhsC][B(CsFs)4] can serve as a highly effective catalyst system
for the regio- and stereoselective methylalumination of internal alkynes and alkenes having an ether
tether group (Scheme 2). As the ether protecting group, even a bulky TBDPS group could be used
without loss of the selectivity. In the present system, oxygen atom in the tether seemed to play an
important role, possibly through its coordination to the metal center. The regioselectivity demonstrated
by the Sc catalyst system is unique and could not be achieved by previously known catalysts.
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The use of carbon dioxide (CO2) as a C1 building block for chemical synthesis is of much importance
and interest, not only because of the value of the products but also because of its potential contribution
to the reduction of the greenhouse gas. In the course of our previous studies, we have reported the
copper(l)-catalyzed carboxylation of alkenyl- and arylboronic esters under an atmosphere of COs-.
Recently, we have found that a similar Cu-catalyst system could efficiently work for carboxylation of
alkylboranes which could be easily prepared by hydroboration of alkenes with 9-BBN
(9-borabicyclo[3.3.1]nonane). The catalytic carboxylation reaction with CO: proceeds under mild
conditions without -elimination of alkyl group, to give the corresponding alkyl carboxylic acids in high
yields. Further studies on catalytic fixation of CO2 with other substrates are under progress.

3. Syntheses, structures, and reactivity of multimetallic rare earth metal complexes (Hou, Nishiura,
Shima, Konno, Cheng)

As a part of our studies on novel polynuclear Cp* ;hp*
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diffraction studies, it was revealed that the reaction of 2 with Cp*Rh(CO). afforded the
Y/Rh-heterometallic dimethyl-dihydrido-dioxo cluster 3, on the other hand, the similar reaction of 2
with Cp*Ir(CO)2 gave the monomethyl monocarbene cluster 4. These reactions not only afford a new
series of heterometallic complexes bearing a robust polynuclear skeleton, but also provide clues for the
design of new homogeneous catalysts for selective reduction of CO to hydrocarbons.

We have also achieved the synthesis of d-f heterometallic polyhydide clusters by the reaction of
half-sandwich rare earth metal dialkyl complexes with transition metal hydride complexes (Scheme 4)
and the synthesis of the heterobimetallic platinum-rare earth metal alkyl complexes by use of
cyclopentadienyl ligands having a coordinative phosphine side arm (Scheme 5).
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4. Development of novel functional materials on the basis of organometallic chemistry (Hou, Nishiura,
Takimoto, Rai)
Organic light-emitting  device (OLEDs) using _ _

phosphorescent metal complexes as emitting materials Y Q

have received much current attention because their N Y
emission efficiency is higher than that of the fluorescent 'rN>—® SN
compounds. However, phosphorescent OLEDs are usually ~ N )\

fabricated by doping the emitters into a host matrix in a L ", 5

rather low and narrow concentration range because of - -2 &
luminescence self-quenching of neat phosphorescent Figurel.

dopants by intermolecular interactions. To avoid such difficulties in management of the doping
process, many efforts have been devoted to the development of phosphorescent OLEDs with non-doped
layers or higher dopant concentrations. Recently, we have synthesized iridium amidinate complexes 5
and 6 having unique properties as phosphorescent emitting materials for OLEDs (Figure 1). The neat
thin film of complex 5 or 6 displayed strong photoluminescence in the air (complex 5: green color
emission, complex 6: red color emission), with almost no luminescence self-quenching in the solid state.
Such unique properties of 5 and 6 would be partially due to the steric effect of the bulky amidinate
ligand, which prevents strong intermolecular interactions. Moreover, the electroluminescence
properties of the fabricated devices using complex 5 or 6 as an emitting dopant in CPB

4,4'- N, N-dicarbazoylbiphenyl were almost independent on the doping concentration. Indeed, highly

efficient OLED could be fabricated by using neat complex 5 or 6 as an emitting layer without any host
matrix.
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