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43.7 %, 239 %DEvMELZ R LTc, 2 OTEMER -
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From Single Metal to Bimetallic Sites: Enhanced Higher Hydrocarbons Yield of
CO2 Hydrogenation over Bimetallic Catalysts

Massive COz2 emission has led to a series of

ecological and environmental problems.
Sustainable conversion and utilization of COz is
one of the focuses of today’s society. However,
the inertness of CO2 molecules and weak chain
growth ability limit the efficient utilization of
COz. Herein, different from conventional Fe-
based catalysts, a series of bimetallic catalysts
(FeCo) were prepared to investigate the effects
of cobalt species existence on catalytic yield of

CO:z hydrogenation. The existence of cobalt

(University of Toyama) OYu Cui, Lisheng Guo
Guohui Yang, Noritatsu Tsubaki

promotes the formation of small-size iron

Meanwhile, a suitable surface

composition of Co (2.4 at. %) and Fe (7.4 at. %)

carbides.

element is helpful to promote the selective
generation of Ca+ products, thus presenting a
high yield (Co/Fe@C-8). This study can provide
a systematic guidance to the utilization of high-
higher
hydrocarbon formation with high yield from
CO:a.

efficiently bimetallic catalysts for
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Ethylene copolymerization with allylbenzene

containing hydroxy group
(#BSLAKBEEE) OLijuan Guo, Kotohiro Nomura

Introduction of polar functional group into polyolefin
has been an attractive subject for development of value-
added polyolefins. The subject by adopting the direct
copolymerization approach using the early transition
metal complex catalysts generally faces a difficulty due
to an interaction of the polar functional group in
inserted monomer and the centered metal, leading
synthesis of low molecular weight polymers with low
efficiency (low content, activity, decomposition etc.).
Recently, the phenoxide modified half-titanocenes,
Cp*TiCl2(0-2,6-'Pr2-4-R-CsHz) [R = H (1), SiEt3 (2)],
especially 2 showed both remarkable catalytic and

efficient comonomer incorporation in ethylene
copolymerization with alkene-1-ol.!

We herein present our results for ethylene
copolymerization with allylbenzene containing

hydroxy group using phenoxide-modified half-
titanocenes (1, 2) in the presence of MAO (Scheme 1).
The ethylene copolymerization with allylbenzene (AB)

yielded high molecular weight copolymers with
efficient comonomer incorporation (5.6-26.9 mol%).
It was revealed that the ethylene/AB copolymerization
in the presence of 2-hydroxyallylbenzene (HAB)
proceeded to afford the copolymers containing hydroxy
group. Moreover, the ethylene/HAB copolymerization
also gave the copolymers with uniform compositions.
Details will be introduced in the symposium.

ca T| cat.
MAO
'/EO/T\ cl ; ; toluene
), SiEt3 (2
Scheme 1
References

(1) S. Kitphaitun, Q. Yan, K. Nomura, Angew. Chem. Int.
Ed., 2020, 59, 23072-23076.
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B XAFS FEZRAWVWEN—TFR/ UfRIZKD
DUUTRENAT LU ERDRIEMEN
B KREeE) OaiBeEsh, OMEls, HAEsE, ILiRakE], BAERL

N=TF 8 & UK, CpTiCls (1), Cp*TiXs
(X = Cl, OMe), Cp*TiClx(0-2,6-MexCeH3) (2). (X
VOFETF IR AF L DAL E LT
HHNTND D, L OEIR XAFS JIEIZ L 5
Cp’TiCly(0-2,6-Pr2CeH3) (Cp’ = Cp, ‘BuCsHy) filifit
ICL DV VA RERIAT L U EA OBERERAT T
1L, MAO TlEIZ2<, AF L AT LY b Ess
BT ST HEOD 3SR EMRE S L CTER
LT ENRBENTD, Eo T, TOFEEN—K
W7e T2 SRR RO FETH D = & & hk
BT D0, KHEAN—T7F X vtz XD
AT b EG OWIERRATIZED FLATE,

V= R D Ti K-Edge XANES A7 kL
(Figure 1) XV, K122 MAO 2L

THMMEE(RIZR T, AF LU OBz LY
3MFED A STz, ZOFRFET, BERO
FERDE—H L, Z OO D 3
MREN AF LoDy VA R B A OFE MR &
DT EPRBES NI, FEMAHRETETH D,

12 |oeeseees 1+ MAD (50 eq.) senenens 20 MAQ (50 2q.)
—~ 1| —— 1+MAQ(SDeq) el | = 2+ MAQ (S0 eq)
; +styrene (200 eq.) +styrene (200 eq.) /
§oe /
-4
5
£ o8 1
E Ly 7
H 04 | Tie
5 el Lo Yy
Z 53 cl

1 2
0
4060 4065 4970 4975 4980 4060 4965 4970 4975 4080

Photon Energy! eV Phaton Energy’ eV

Figure 1. Ti K-Edge XANES 27 kL

1) Byun, D. J. et al., Macromolecules 2004, 37, 5530.
2) K. Nomura et al., Organometallics 2019, 38, 4497.
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N=DF B B EMEIC R DFRIRRAL D« VHESHKDERK

R A L7 ¢ VRIEEAERIL, mEAEC St
BE, AR BN T RSB A RS L
T, PV AREMMEECRIH STV 5,
LML, ZTOFREFNI=T L2 EBROTHDOEN
JNVRNFR e EOILERICRE S L, KO HO
RIRA LT 4 L OWERIIH D THDL, — .
UIRETIX, = F L EIROTHDOEIRA L7
A EDEERERET D, FEFEHN—T T
X ) U ORIBLZ R LTS YV, 2T,
AWFZECIERIMEZ V5 7 o v L o & S FRERIR
FL7 4 EDIEEEREF L,

Cp BNL 1 EDEHRIESS T = A L HEEUL D
72 B B FEGERABEC X D Eto/RR, “rE L
/A= ¥ AN S/l = N A N /= SN

(#SLKRBEEE) ORJES IR, BPAT ZFA

/\+<> Treat W7 xﬁ/&Cﬁ
©® %W

Scheme 1

TR EDRERRRA VT 4 & OILEG NI
TL. GPC X°DSC 7¢ E OfERZFLIT, 43 F 8D
i o 7B — R DO IR Y ~— 3G b, B
WAV T 4 U ERE T T AR LB EIR )
RRAZ L, FRIRERIRRA L7 4 B ETIR, = F L
VHEAKRLY T T AEBRENEL 2D T EN
HIBA LTz, RAZ =R TEMZ HRET D,

1) (a) Wang, W.; Fujiki, M.; Nomura, K. J. Am. Chem.

Soc. 2005, 128, 4582; (b) Liu, J.; Nomura, K. Adv. Synth.

Catal. 2007, 349, 2235; (c) Harakawa, H.; Okabe, M.;
Nomura, K. Polymer Chemistry 2020, 11, 5590.
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BEJT7_OUERMFERT 54 X FREAR T THEDER &

LR ORTE HIER &R T L% U 7 A
ITA VT 4 U AZ BV ARINCH R ML TH 5,
B2, A 2 FENL=A TR TIE, thoERERE
il Cixd GOV 2 BB T EF LD BV
JEADEITT D D, A TIX, EFHEGMHET
B ORI L0 mE LR OSSR O 22 EAl
DNATREZREE 77 =V VEME I E B L, FRIOR
3 %% ClE imidazolin-2-iminato BN 1 & A9 5 AHE
= A TR DB OMFHRE R HRET D,

Nb(NAr)(NMey)s 5K & AlMes & DSURIZ LY
T AFVEERDO G TIX, HEGEA I NENL T B
I EEWEMIE O H LG5 ICE TR L 72 5,
5 BN BEIRIT MAO B DE/E T, —=F L
EHAIDEEZ R LTc, —FH T, B EoO@EHEL

T DRIGE

(L RBeE) O e, /M L, B 2K

DI D% FhA I FENLESRO AR FIREZ: N Y
7 REERTIL, Grignard i3E & OIS TR S
27 L Ak AT e Ot < B F-RITBRIA & D B
TUTIIFRAGEERBGOND, RREETITERD
PR E TR Y T RO G R E IR LT RE R

DWTHHEINT D,
NH /‘\r P‘\r
R\N)(N—R N N
\—/ R N AMe; g Al

Nb(NAN(NMez)s N7 ’\VWNMeZ toluene N N7 bQ/Me
Me

toluene Q\f NMe, &\(

N, N

R R
Nb(NAr)Cls(dme) Ar = 2,6-PrCgHs, 2,4,6-BusCeHy;
! NH Ar  R=26-Pr,CeHs
Mg(CH2SiMes)Cl L I Ar=2,67Pr,CeHa; R = Bu
n-hexane R~y N—R N
\—/ R l\‘l‘b
Nb(NAr)(CH,SiMeg); ————> R AICH,SiMe
toluene N%N N\ o H2oiVies
CH,SiMeg
<\/N\ Ar = 2,6-Me;CgHg, 2,6-Cl,CgHa;

R R=26-Me,CgHs

1) Izawa, 1.; Nomura, K. Macromolecules 2020, 53, 5266.
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Formation of active nanostructures of Ziegler-Natta catalysts
by chemical activation protocol

(JAIST* - DPI** - UNITO**) OToru Wada***, Alessandro Piovano****,

Gentoku Takasao®, Patchanee Chammingkwan™**, Elena Groppo™ ™,

Minoru Terano™**, Toshiaki Taniike***

Ziegler-Natta catalysts, obtained by chemical Mg(OEt),
activation, are known to be highly active in :
olefin polymerization. We pursued the evolution m
of catalysts during preparation by multifaceted < Heating up 1060
analytical methods to investigate the origin of 2 T Y < Din-buthylphthalate
the active nanostructures. K

110 Cfor2h

Acknowledgments: The work of T. W., A. P, “%/
P.C,E. G,MT, and T. T. forms part of the
research programme of DPI (P.O. Box 902, 5600
AX Eindhoven, the Netherlands), project #802.

TiCl, addition

Final catalyst
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X
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= 00 00
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AR Iel $58 [Iri(n>-CsMes)(CO)2] (1) 12 L5 2
BB AL ) —N~DpFERLE R L7z (X
D, Ir &k 1272 b= MV WZEML, A X
(2.0MPa) Nz T, #SLERE T DL, A4
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fEENTWD Z &R oz, Z Ol % FHvT
MTO Rtz To7- & 2 A, fbdhtk ZrO, Z{Effi L
TWVRWIEED SAPO-34 L 0 & 7= fil it
EHTDHZ Lo,
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TSRFVIRRICAIT-HEERMREBEAEA S M DR

CKBK*, AC Biode**) ORIfEMPE*, =i 8>, NHEH*

BET T AT 7 OFZNIREEINZfE- T, T4
IV YA T IVA~DIERNEHE > TN D,
ZOFEIZE ST, TTAF v 7 EFROPEERN
FHRS D, L, (EFRRICET R LF
=R TH LD, RIEARITIZIZEALEE
XN TWR, L7 - T, i) 2 fiddit 2 5%
AL, RIREZK T SE A /b TH L
NHTFOMETH D, OO L LCE
WCHWHNTWDEFT A FoHTh, “BEA R
YA T4 FThD Betald, mVINERME K&
727 LR RO, R Y~ =Rz B
CTIEFITEWABEEE 2R3 2 L3 b T

ARG > ACPRIELR**, 79 LA™

%o UL, ShRERE 2 7 vfifLEOHIEIC

K oMEREm RIFRAZ T2 >ob 5720, i

T Ta—FRNETH D, Fxld, Beta 23t
DEF T A M EHATHRENIIZZS < ORER

MEHTHZ EICER L,

AHWFFETIE. methyltriethoxysilane(MTES) %
W22 & T, BRICE OERIZE
A L7 MTES-Beta Z & h L7z, ZODfiH, #
WRKaHRD S F 7 — B L BRSO 6 BT Al
JFFREIM LTz, O8It T, B4 T4
k@ Lewis fetEnm E L, [REERY =F L
(LDPE) s fiftEREmS M B35 2 L 2/l L7,
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K&ZE: BaTiO NH 18FF Ni I L 27 VE=T

RFETV—RKFExFY VT THLT VE=T
Mo, BRI KFEEZRIET 720 DOLNTHE
PEREZR RS LB & STV D, Frx I hE
TICEEHLAY (CaNH <2 CeN) |2 Ni Z4HFF9-5
Z LT =T RIEE SRR BT S
ZEEWMELTEL, I TIhooibEmix
REARLERMETH D Z LD, ABFZETIE
KRR F LUK TLER BaTiOs NH, 2 BHFE L
T U =T SRR A~ DS & i AT

BaTi0s-NH, (% BaH, & Ti0, Z BifBi{A & L TARL
L7z BaliOsl, #2352 & THRR LT,
Ni/BaTiOs- N, il D 7 o & = 7 Sy fiid i & 2 F

HORILHERY) O/NERSKIN, Bk
LB B, R 7

fli L7z & 2 A, Ni/BaTiOs filfiEic b ~_THY 14 £
BWIEEZ R T EBHAL N E R T, F,
A 2 K e U 7ot P EETE AR 2 S0 L
7o & ZAMBEMEDMER STV D 2 &3
o7z, LA EORERED D RIS T 7 R R
EEWIAMERESZ RSNz, TrE=
TSRO O 2T~ 2 72912, Ni/BaTiOs
NH il T PNHy R O 4 SR A S LT &
ZAEEH 29, 30 DEFBFEDERKD ML S
72 £ T, Ni/BaTiOs NH, filtfif Tl Mars—
van Krevelen B O#AE CULIHEITL TV D &
EZ b,
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FL—HrHICKYEERZEA LT NiCuAI-LDH fiE D
AE —KEBERHEICE T DR E ST

BT, BIRRBOBLE DA A~ AHkD
AL )= kFHE (H) ZHLGET HKERK
B (MSR) RSN TS, FL— FAITK
BEBOSEMEEZE EXEDZ L TALRATY
%, F£7-. UHFFE=TIL. LDH Hk NiCuAl #
B LS B A & ) — ViR bR OV H,
NRZRTZEZHLMIL TS, KHFFET
X, ZoEGBImE SR ERAE LI L —F
Fl 2 A2G Lo i 258 U, MSR ST HiEME
B LR EMEHE 21T > 72,

fib i, epkyEIC LV A% L 72 NiCuAl-LDH
Z 22 IE T 500 °C THERLFE ., pH=7 IZFH%E L 7=

(BEPER) OFRA KB, #ok Eisf

¥ L — 4l (EDTA, DTPA, NTA B LU/ L=
VR L &R E ST KRR TICRE - AL
FaToe AbEYE PR R [ PR e 8 S i 2
&% Y, BOGE AR 100 mg 2 R L, 450
°C T1h®D H B, A% /) —/—KIBETRIKR
ZHEE L 280°C TO0.5~10h DL ETT- 7=,
ZOREF., ¥ L — NI EDTA % VW C LDH |2
Cu %38 A L 7= DS i O s bR 82.6 %35 K OV H,
N3 535%% kL, 10h DSHRTHZENRER
43.7 %, 239 %DEvMELZ R LTc, 2 OTEMER -
I, SEEBEACMLERE Lo kBl X
DRFBITHENFEL CHNDZ ERbhoT,
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From Single Metal to Bimetallic Sites: Enhanced Higher Hydrocarbons Yield of
CO2 Hydrogenation over Bimetallic Catalysts

Massive COz2 emission has led to a series of

ecological and environmental problems.
Sustainable conversion and utilization of COz is
one of the focuses of today’s society. However,
the inertness of CO2 molecules and weak chain
growth ability limit the efficient utilization of
COz. Herein, different from conventional Fe-
based catalysts, a series of bimetallic catalysts
(FeCo) were prepared to investigate the effects
of cobalt species existence on catalytic yield of

CO:z hydrogenation. The existence of cobalt

(University of Toyama) OYu Cui, Lisheng Guo
Guohui Yang, Noritatsu Tsubaki

promotes the formation of small-size iron

Meanwhile, a suitable surface

composition of Co (2.4 at. %) and Fe (7.4 at. %)

carbides.

element is helpful to promote the selective
generation of Ca+ products, thus presenting a
high yield (Co/Fe@C-8). This study can provide
a systematic guidance to the utilization of high-
higher
hydrocarbon formation with high yield from
CO:a.

efficiently bimetallic catalysts for
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Ethylene copolymerization with allylbenzene

containing hydroxy group
(#BSLAKBEEE) OLijuan Guo, Kotohiro Nomura

Introduction of polar functional group into polyolefin
has been an attractive subject for development of value-
added polyolefins. The subject by adopting the direct
copolymerization approach using the early transition
metal complex catalysts generally faces a difficulty due
to an interaction of the polar functional group in
inserted monomer and the centered metal, leading
synthesis of low molecular weight polymers with low
efficiency (low content, activity, decomposition etc.).
Recently, the phenoxide modified half-titanocenes,
Cp*TiCl2(0-2,6-'Pr2-4-R-CsHz) [R = H (1), SiEt3 (2)],
especially 2 showed both remarkable catalytic and

efficient comonomer incorporation in ethylene
copolymerization with alkene-1-ol.!

We herein present our results for ethylene
copolymerization with allylbenzene containing

hydroxy group using phenoxide-modified half-
titanocenes (1, 2) in the presence of MAO (Scheme 1).
The ethylene copolymerization with allylbenzene (AB)

yielded high molecular weight copolymers with
efficient comonomer incorporation (5.6-26.9 mol%).
It was revealed that the ethylene/AB copolymerization
in the presence of 2-hydroxyallylbenzene (HAB)
proceeded to afford the copolymers containing hydroxy
group. Moreover, the ethylene/HAB copolymerization
also gave the copolymers with uniform compositions.
Details will be introduced in the symposium.

ca T| cat.
MAO
'/EO/T\ cl ; ; toluene
), SiEt3 (2
Scheme 1
References

(1) S. Kitphaitun, Q. Yan, K. Nomura, Angew. Chem. Int.
Ed., 2020, 59, 23072-23076.
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B XAFS FEZRAWVWEN—TFR/ UfRIZKD
DUUTRENAT LU ERDRIEMEN
B KREeE) OaiBeEsh, OMEls, HAEsE, ILiRakE], BAERL

N=TF 8 & UK, CpTiCls (1), Cp*TiXs
(X = Cl, OMe), Cp*TiClx(0-2,6-MexCeH3) (2). (X
VOFETF IR AF L DAL E LT
HHNTND D, L OEIR XAFS JIEIZ L 5
Cp’TiCly(0-2,6-Pr2CeH3) (Cp’ = Cp, ‘BuCsHy) filifit
ICL DV VA RERIAT L U EA OBERERAT T
1L, MAO TlEIZ2<, AF L AT LY b Ess
BT ST HEOD 3SR EMRE S L CTER
LT ENRBENTD, Eo T, TOFEEN—K
W7e T2 SRR RO FETH D = & & hk
BT D0, KHEAN—T7F X vtz XD
AT b EG OWIERRATIZED FLATE,

V= R D Ti K-Edge XANES A7 kL
(Figure 1) XV, K122 MAO 2L

THMMEE(RIZR T, AF LU OBz LY
3MFED A STz, ZOFRFET, BERO
FERDE—H L, Z OO D 3
MREN AF LoDy VA R B A OFE MR &
DT EPRBES NI, FEMAHRETETH D,

12 |oeeseees 1+ MAD (50 eq.) senenens 20 MAQ (50 2q.)
—~ 1| —— 1+MAQ(SDeq) el | = 2+ MAQ (S0 eq)
; +styrene (200 eq.) +styrene (200 eq.) /
§oe /
-4
5
£ o8 1
E Ly 7
H 04 | Tie
5 el Lo Yy
Z 53 cl

1 2
0
4060 4065 4970 4975 4980 4060 4965 4970 4975 4080

Photon Energy! eV Phaton Energy’ eV

Figure 1. Ti K-Edge XANES 27 kL

1) Byun, D. J. et al., Macromolecules 2004, 37, 5530.
2) K. Nomura et al., Organometallics 2019, 38, 4497.
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N=DF B B EMEIC R DFRIRRAL D« VHESHKDERK

R A L7 ¢ VRIEEAERIL, mEAEC St
BE, AR BN T RSB A RS L
T, PV AREMMEECRIH STV 5,
LML, ZTOFREFNI=T L2 EBROTHDOEN
JNVRNFR e EOILERICRE S L, KO HO
RIRA LT 4 L OWERIIH D THDL, — .
UIRETIX, = F L EIROTHDOEIRA L7
A EDEERERET D, FEFEHN—T T
X ) U ORIBLZ R LTS YV, 2T,
AWFZECIERIMEZ V5 7 o v L o & S FRERIR
FL7 4 EDIEEEREF L,

Cp BNL 1 EDEHRIESS T = A L HEEUL D
72 B B FEGERABEC X D Eto/RR, “rE L
/A= ¥ AN S/l = N A N /= SN

(#SLKRBEEE) ORJES IR, BPAT ZFA

/\+<> Treat W7 xﬁ/&Cﬁ
©® %W

Scheme 1

TR EDRERRRA VT 4 & OILEG NI
TL. GPC X°DSC 7¢ E OfERZFLIT, 43 F 8D
i o 7B — R DO IR Y ~— 3G b, B
WAV T 4 U ERE T T AR LB EIR )
RRAZ L, FRIRERIRRA L7 4 B ETIR, = F L
VHEAKRLY T T AEBRENEL 2D T EN
HIBA LTz, RAZ =R TEMZ HRET D,

1) (a) Wang, W.; Fujiki, M.; Nomura, K. J. Am. Chem.

Soc. 2005, 128, 4582; (b) Liu, J.; Nomura, K. Adv. Synth.

Catal. 2007, 349, 2235; (c) Harakawa, H.; Okabe, M.;
Nomura, K. Polymer Chemistry 2020, 11, 5590.
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BEJT7_OUERMFERT 54 X FREAR T THEDER &

LR ORTE HIER &R T L% U 7 A
ITA VT 4 U AZ BV ARINCH R ML TH 5,
B2, A 2 FENL=A TR TIE, thoERERE
il Cixd GOV 2 BB T EF LD BV
JEADEITT D D, A TIX, EFHEGMHET
B ORI L0 mE LR OSSR O 22 EAl
DNATREZREE 77 =V VEME I E B L, FRIOR
3 %% ClE imidazolin-2-iminato BN 1 & A9 5 AHE
= A TR DB OMFHRE R HRET D,

Nb(NAr)(NMey)s 5K & AlMes & DSURIZ LY
T AFVEERDO G TIX, HEGEA I NENL T B
I EEWEMIE O H LG5 ICE TR L 72 5,
5 BN BEIRIT MAO B DE/E T, —=F L
EHAIDEEZ R LTc, —FH T, B EoO@EHEL

T DRIGE

(L RBeE) O e, /M L, B 2K

DI D% FhA I FENLESRO AR FIREZ: N Y
7 REERTIL, Grignard i3E & OIS TR S
27 L Ak AT e Ot < B F-RITBRIA & D B
TUTIIFRAGEERBGOND, RREETITERD
PR E TR Y T RO G R E IR LT RE R

DWTHHEINT D,
NH /‘\r P‘\r
R\N)(N—R N N
\—/ R N AMe; g Al

Nb(NAN(NMez)s N7 ’\VWNMeZ toluene N N7 bQ/Me
Me

toluene Q\f NMe, &\(

N, N

R R
Nb(NAr)Cls(dme) Ar = 2,6-PrCgHs, 2,4,6-BusCeHy;
! NH Ar  R=26-Pr,CeHs
Mg(CH2SiMes)Cl L I Ar=2,67Pr,CeHa; R = Bu
n-hexane R~y N—R N
\—/ R l\‘l‘b
Nb(NAr)(CH,SiMeg); ————> R AICH,SiMe
toluene N%N N\ o H2oiVies
CH,SiMeg
<\/N\ Ar = 2,6-Me;CgHg, 2,6-Cl,CgHa;

R R=26-Me,CgHs

1) Izawa, 1.; Nomura, K. Macromolecules 2020, 53, 5266.
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Formation of active nanostructures of Ziegler-Natta catalysts
by chemical activation protocol

(JAIST* - DPI** - UNITO**) OToru Wada***, Alessandro Piovano****,

Gentoku Takasao®, Patchanee Chammingkwan™**, Elena Groppo™ ™,

Minoru Terano™**, Toshiaki Taniike***

Ziegler-Natta catalysts, obtained by chemical Mg(OEt),
activation, are known to be highly active in :
olefin polymerization. We pursued the evolution m
of catalysts during preparation by multifaceted < Heating up 1060
analytical methods to investigate the origin of 2 T Y < Din-buthylphthalate
the active nanostructures. K

110 Cfor2h

Acknowledgments: The work of T. W., A. P, “%/
P.C,E. G,MT, and T. T. forms part of the
research programme of DPI (P.O. Box 902, 5600
AX Eindhoven, the Netherlands), project #802.

TiCl, addition

Final catalyst
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BHEREEIRIZK D A 2 U ORERIERIG

AL T ANE, A A AN DR TERN Bl Al
BTHDLHZ LD, I—Rr=a— T )N72FHE
AEEETR E LTORBBNEE - TR, F7H¥I
Bb o iEE L ToRBERHfFsn T 5,
L2rL, AZ AT DORNIEMES#IZ, FIHHEFE?
SHREFATH Y | ALFHEE L CTIRHEFA DI
NI T 2 720138 7o A 2 M 5 1 DR 5%
NN TH D, RBFIETIE, JREEA SRS
[Fela(n5-CsHs)2(u-C0O)2(CO)2]l (1) ZH WD Z &
T, AX L OBHEBAIZ LD A K ) — N ~DEH
ZER L (K1), 8K 1LIIDERIHICE > T CO
DBEE L B A~OEBRP A SN TND, Z O

(JURBET 1, JST & & 31) 2, WPI-I2CNER3)
OAKHEA 12, FAAEAL 128, INTRF] 19

17t b= VERIZ, A% (4 MPa)
LR (2MPa) ZIRINL ., 4IRS (250-385
nm) 5 ETAZ ) —LDAEK%E GC-MS 12 X
STHLMZ LT,

hv
CH4 — o
O,, acetonitrile, r.t.

\\§2§jo

Fe!
X
co

CHOH

OC

Ve

4 1. AREERBHIRIC & 2 JEBREN R 2 & iRl

= 00 00
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W—RA VOO LBEREMFEE T D47 DDRKIRRE

(JuRPe L1, JST =& 287 2, WPI-I2CNER3)

O =812, AF BHEA L2, RAEA 12, 75)1157 12,

A X AT b EW C-H i~ x /L ¥ — (105
kcal/mol) % FEofafuiiR{b/ KFETHDHT-H, =D
C-H fHOBLITEEERSE LTHLALTY
Do, TD—FT, BILERMTHDL AR ) —1LD
BALDO SN EDNG, AZ N AT ) —L~D
PRI THE L WS & ST\ b, RBFET
X, X —2W# T 52 LT %
AR Iel $58 [Iri(n>-CsMes)(CO)2] (1) 12 L5 2
BB AL ) —N~DpFERLE R L7z (X
D, Ir &k 1272 b= MV WZEML, A X
(2.0MPa) Nz T, #SLERE T DL, A4

IAAEREL 12,3 /NTERE] 13

YD C-HFEGDREYT 4 v 7 RBARE O, I
LI LRI NT 52 LT, B KU REEL 25
VIEDRFEA Lic Ietlt g (R [Iri(n5-CsMes)(CHa)-
(H)] (@) DAL, RWT, BEEZRML, %
ANERETH LT, AX ) —VPRERTDZ
LRGN LT,
o o

I Cra I &_>> CH4OH
oo/ Neo mCo> oc/ \H\CHS n

1 2

X 1. Ir K% WD 2 2 2 ORI
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