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Photochemical carbon dioxide reduction reaction catalyzed by transition-metal
complexes based on binuclear structure
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This research was carried out to accomﬁlish multi-electron carbon dioxide
reduction reaction by visible light irradiation catalyzed by the dinuclear rhenium complexes bridged
by anthracene. We synthesized several novel dinuclear rhenium complexes bridged by anthracene or
anthraquinone. These complexes showed five-times turnover numbers for photochemical carbon dioxide
reduction reaction. Photoirradiation to the two-electron reduction forms of dinuclear rhenium
complex causes the carbon dioxide insertion between two Re atoms. Using photosensitizer and the
dinuclear catalyst, kinds of the products of photochemical carbon dioxide reduction reaction was
related to the reduction potential of photosensitizers.



1983 Lehn fac-[ReCl(CO)3(bpy)]

bpy = 2,2 -
J. Chem. Soc., Chem. Comm. 1983, 536
82 J. Am. Chem. Soc. 2013, 135, 13266
CO HCOOH
HCHO CH3sOH
COz CH;OH HCHO
CHa4 Nature,
2017,548,75 6(0)
Bull. Chem. Soc. Jpn. 1998, 71,17
cis-[Ru(CO)a(bpy)z]?* 20 CcoO
COz Ru-COCH
cis-[Ru(CO)a(bpy)2]*
18 CcO
CO,
CO,
(bbpan)
1 1 bbpan
4.5
8
CO,
1 1
1 fac-[ReCl(CO)s(bpy)] face-to-face o R
fac- [ReCI(CO)s(bpy)] cl 1.
CO, Re
1 CO;
CO fac-
[ReCI(CO)s(bpy)]
fac-[ReCI(CO)3(bpy)]
J. Am. Chem. Soc. 2008, 130, 2023 1 Re
1
1
CO,
118_ 4_(p- ) -
bbpan 68 bbpan ReCl(CO)s
1 97
1 cv
(UV-vis)

1,3- -2- -2,3- -1H- [d] BIH



TEA / DMF

GC
1 UV-vis
1
1 fac-
[ReCI(COs)(bpan)] (2, bpan =4-(4- -p- ) ) 2
1 DMF cVv Ei,(1) =-132V
Ep(2) =-1.75V
Ey/»(3) =-1.92V (vs. SCE)
2 fac-[ReCl(CO)s(bpy)]
E12(2) bpy En(2) Cl-
Re(1)/Re(0)  Ey2(3)
Ei2(1)  Ep©(2)
1 2 ReCl(CO)z I 206
-2.40 -2.20 -2.00 -1.80 -1.60 -1.40 -1.20 -1.00 -0.80
El/2(1) -1.50V E;J)x =0V Potential / V vs. SCE
oV -1V 3 2.Ar CO2
1 Em(l) 1 cv
Cl- Re-Re ®
12V
1 2 ReCl(CO)3(bpy) 8
1 -
fac-[ReCI(CO)s(bpy)] K » 0w = 0
16V . 3. 1( ) fac[ReCI(CO)(bpY)I( )
1 390nm 405nm fac-[ReCl(CO)s(bpy)]
380 nm  Meta-to-Ligand Charge Transfer (MLCT) bbpan 375 nm
- 1 MLCT -
400 nm fac-
[ReCI(CO)s(bpy)] 5
BIH 1 400-
800 nm 1 TON =541 TOFmax = 9.83 min?
CO 3 1 450 nm (
CO / ) ¢m =033 CO /
$ex = 0.08 fac-[ReCI(CO)s(bpy)]
TON 46  TOFmx 36 b 2.2 Gox 8 TON  TOFmx 2
2 Re(bpy)
fac-[ReCl(CO)3(bpy)] 1
= ¢ex
CO
1.
/nm TON TOF / min't din Dox

1 430-800 541 9.83 0.33 (450 nm) 0.08 (450 nm)

2 430-800 1900 420 0.75 (450 nm) 0.12 (450 nm)

2 400-430 1153 88.4 0.70 (400 nm) 0.43 (400 nm)
fac-[ReCI(CO)a(bpy)] 430-800 118 2.70 0.15 (450 nm) 0.01 (450 nm)
fac-[ReCI(CO)s(bpy)] 400-800 91 4.03

1 Ar
1 CV  Ew(1) -1.35V
456 610 816 nm Schwalbe fac-[ReCl(CO)s(bpy)] KCs

Re-Re [Re(CO)s(bpy)]2 Chem.



Commun. 2019, 55, 600

1 [Rex(CO)s(bpy)2] i
1 2 1.00
Re-Re
400 nm
Re-Re g o0 -
1 é 0.40 |
Re/(bpy)
Fujita Re-Re [Re (CO)s(dmb)]2 ., |
dmb = 4,4°-
ReE-CO-0O-Re 0maoo 400 500 W:‘:en m/:?: 800 900 1000
(J. Am. Chem. Soc. 2003, 125, 11976) ’
CO, 4. 1 Cco
UV-Vis
1
Re-Re TEA 100 699 nm
1 TEA 0.80 A
J. Am. Chem. Soc. 2022, s |\ 7680m
144, 6640 TEA 040
Re-Re CO; .
TEA (6(0)
fac-[ReCI(CO)s(bpan)] (2) oo |
2 ' C
1 0.60
430-800 nm 1 e
2 TON=1900 TOFmx=420mint CO 0%y
1 400 nm O250 350 450 550 650 750 850
TOFmax 884 m| n-l Wavelength / nm
450 nm Pin =074 ey = 5. 2 A fac-[ReCl(CO)3(bpy)] B
0.12 bpan(C)  UV-vis
400 nm
(e = 0.43 2 384
nm &£=172x10*M1cm™? 5A fac-[ReCI(CO)s(bpy)]( 5B )
bpan( 5C ) Re(bpy) MLCT T -TT
* 2
( 5A ) fac-[ReCI(CO)s(bpy)] MLCT
5B
bpan 428 nm
5C 2 Re(bpy)
2 cv -1.88V fac-[ReCl(CO)s(bpy)]
2
BIH



5
73
2023
72
2022
103
2023
102

2022




71

2021




