530 B4 4 1] P A T
2014 4F 4 1 CHINESE JOURNAL OF INORGANIC CHEMISTRY

Vol.30 No.4
879-884

ALt s AR R SHEC &) . —Fhk S L

FIMA B WERX wHRB Bk E*
(LHRRKFAFHIER 4T 212013)

HE . HA MK A B S W B gE % TSR B AL IR & e ] RS2 T T AE IR LA TS 8 X, AR SOl A T — R
AR (3-(( (M B 2000 H ) R ) 3 (3, 5- Y Bk 1 H-MIE I 235 ) FE T3 (m-PDA) L AR K H 5 CoClL, TE LY Co(IDAL A ¥ (Col), 2 F
IR .UV NMR ES-MS %5 J7 5 R AE T B iR K BC A WM 454, BF98 T Col 1 XAR T WL b Ak 2 9K 3 fi Ak K Sk ik BB L 45 £ W1 Col
FE AL 2 7K 43 A BB AL T P (TON) IR B 15,38, TR IR AR Ze 0k B 58 1T e & WAk K B AL st 2  UESE B0 A4 Col FLA AL
K BRI TR R | R — T Rl B 4 R K AL Y 4 T AR

KR . KEA; BIREY; ML, TR
hESES. 0614.24 LHERFRIRAD . A
DOI:10.11862/CJIC.2014.110

XEHS . 1001-4861(2014)04-0879-06

Cobaltous Complex Containing Pyrrol-2-yl Methanone:
A Molecular Catalyst for the Oxidation of Water

WANG Pei-Dong XUE Jue-Jue HU Qin-Han QU Ling-Ling CHEN Qiu-Yun™
(School of Chemistry and Chemical Engineer, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract: Cobaltous complexes catalyzing the oxidation of water are meaningful to the development of clean
energy and new oxidation reaction. A new ligand of 3-((bis(pyridin-2-ylmethyl)amino)methyl)phenyl)(3,5-dimethyl-
1H-pyrrol-2-yl)methanone and the cobaltous complex (Col) were synthesized and characterized by IR, UV, NMR,
ES-MS, et al. methods. The oxidation of water catalyzed by Col in aqueous solution was studied. Results show
that the complex Col can catalyze the oxidation of water to release the O, with TON of 15.38. The mechanism of
water oxidation with the release of O, was explored by CV method. Experimental results demonstrate that Col is

a new kind of noble free molecule catalyst to the oxidation of water.
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terpyridine) F R A7 WOGHEALF], 75 pH=8.0 BY 1 &
TREBZME AL 457 nm B9 P B [Ru " (bpy)s 78,082
(bpy=2,2’-bipyridine) & 5 5 Hl e & 4 Z [A] (14 B 51
B R HOUK I 5™ A ZA(TON=335) 1 )R, & e &
P (cobaloxime) i 1F B 2 Mt WE 65 i 1) 314 IE A 5 47
T &5 A M 1) TiO, 18 5 T8 B &2 45 Ak 1R &R S 3
KL A Al — A TOLE A RS2 A
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TN wE RO e U A R B A B A A AR
P10 550 A TE AR 1) il T 0 T SR A K AR A 1 A A
FR 3 FEL AT i T g FY ] 53 2o A% R R i e
R 8 5 TR L A5 ) 3-((= (TR BE-2- 317 T J) 2
FEVH 3E) (3, 5- 2 H -1 H -k 6 -2 55 B I (m-PDA) A&
HARE A YRR HAE Ry 73 AR TE K 19 S A s
T35 H

1 SEWHES
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2,4- WL (97% , Adamas-Beta) ; 3-% HH 2
RH B (97% , Adamas-Beta);BF; - ELO(97% , Adamas
-Beta) ; — (2-Mk B H J%) i (DPA)(97% , Adamas-Beta) ;
SRR [ 1 25 4 AR AR A IR A F] RO
HT B IR R R A dr Al o F O A R K Ab
P T ) A n a8 B B A

C.0 N JCHR 41 fii ] Perkin-Elemer 240C %7t
R AP, UV-Vis Y61 190~800 nm fii I H A< 5 1t
UV-2450 5 %8 55 AT WL 43 0% O B2 X ;'TH NMR 7[5
BRUKERAC-P 400 7 # # 4R, %77 CDCl,; £
PR\ F] TXQ LC-MS BTk AN, 214l F 26 1]
JE &5 7175 ] Nicolet Nexus-470 {8 37 25 e 21 41 5
TEAN A PR AR 2 IR g R AR A2 BT A
SHUBRAAR R L LA T R SRR B (TBAP) Y TE K 2
VS WA Sl LA STV R, D BB Al AR AR A AR FL AR
TRL AN H SR HL AR (SCE) A 2 H FEL R B Fi AR A Xof Rl AR
XF 1 mmol - L™ A Col F 2N i W 1 154 4K 42 1
i, BATEMEE-1.0 V~2.0 V, HE#EEH 50
1100 mV-s™,

1.2 HEWHENR
12,1 (3-(FH )R 5E)(3,5- Z W - 1 M 23
) 25 R mP)

H 3-% 0 EEATH BES4(1.50 g,7.9 mmol)iE T 60
mL —@ W EEEINA =2 (1.061 g,10.51 mmol)Fl
2,4-— 1 JL T % (523 mg,5.25 mmol), R FE 6 h
J5i,40 CHIA AR B 8 h, SR 5 dH] 3x20 mL 1
B T BRI W DR ¢ ,3x20 mL S e A, &I
AU, FJCKBRER BT M W & ve 4 ) fdi ]
ViV mem=4:1 R SRR TEREH , AEZAT 5
B, B TRES R A AR E R 668 mg, 7%,
70% ., 'H NMR(400 MHz,CDCl;) :6=9.29(s, 1H, pyrrole,
N-H),6=7.61 (d,2H,benzene-H, J=8.2 Hz),6=7.48(t,
2H ,benzene-H, J=8.2 Hz),6=5.90 (s,1H,pyrrole -H),
6=4.65(s,2H,-CH,),6=2.32(d,3H,-CH;, J=18.4 Hz),
0=1.94(s,-CH;,3H),Anal. Found(%).C,67.58;H,5.3;
N,5.85, Caled. (%) for C,H,,CINO:C,67.88;H,5.7;
N,5.65.

1.2.2 (3-((Z(MenE-2- 3 B 5L 2 55 B 38) (3, 5- =
B 1 H - -2-55) R (8T R m-PDA) Y A %

RS T LR A B mP(605.2 mg,2.4
mmol) LA F) ik i F1 ¥z (600 mg,3 mmol), = &
i (416.7 mg,4.1 mmol) M 40 mL &N IR & W
H,80 CiliiA I3 8 h, SN 45 UG | eEZ& B 2757
il 20 mL B S BER A 3x20 mL AR AN
NaCl /K UL # , FF I 3x20 mL S I BE AL, 1
LAV ERNEWATT IV 6wtV 2wz m=611 BIBE
AV HEATAE RN, 228 T a5 TR 13 2R
ERCRER 669 mg, 7% .66%., 'H NMR(400 MHz,
CDCl3):6 =10.02 (s, 1H,pyrroleN-H),6 =8.47 (d,2H,
pyridine-H , J=4.4 Hz) 6=7.71~7.59(m,3H ,benzene-H)
6 =7.58 ~7.45 (m,4H,pyridine-H) & =7.31 (dd, 1H,
benzene-H,J =15.4,7.8 Hz) 6 =7.15 ~7.07 (m,2H,
pyridine-H) 6=5.85(d, 1H, pyrrole-H, J=1.5 Hz) 6=3.85
(s,4H,-CHy) 6=3.75(s,2H,-CHy) 6=2.27(s,3H,-CHs)
6=1.93(s,3H,-CH;), IR(KBr,v/cm™).»(=CH) 3 251w,
v(-CH,-) 3 056,2 919m,»(C=0) 1 677s,v(C=C) 1 604
s,1 496m,1 440m ,6(CH,pyridine) 744s ., UV-Vis(MeCN/
nm)(e /(dm? -mol™ -em™)):207(59 500),259(26 800),
309(31 400), Anal. Found :C,75.56;H,6.15;N,13.87:
Caled. (%) for CyHxN,0:C,76.07;H,6.38;N,13.65,
ES-MS:MS (ESI) Caled. for [(m-PDA)H]|*=411.51,
Found : m/z=411.27(100%) .
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1.2.3  [(m-PDA)CoCl,]- H,O(Col)f & A

W BEAK m-PDA (196 mg,0.47 mmol)i& T 20 mL
LTEfE R 2 50 mL W BRSEI, JA CoCl,-
6H,0 (203.6 mg,0.47 mmol),80 CIH¥ [H1%i 4 h, 1%
FREORER, RHAEZEE, & OB 855 ER
0[5 44 285 mg, % 82%., Anal. Found:C,55.91;H,
5.02;N,10.04, Caled.(%) for CoHyCl,CoN,O,:C,55.79;
H,4.96;N,10.12, UV-Vis(MeCN / nm)(e / (dm*+mol ™
em™):208 (70 200),245 (31 600),321 (37 300),568
(154),639(£=0.0122), IR (KBr,v/cm™):3 262m,3 008
~2873m,1599s,1560s,1420s,1280s,753s,ES-MS:
MS (ESI) Caled. for [(m-PDA)CoCl]*=504.55,Found:
m/z=504.36(100%),
1.3 EHKEL

Be & W1 (Co)VE A AL R AT T Ak 5 i Ak 4 Ak
KPERERI I, L 3 mL ¥ 24 0.09 mol - L' ¥
Col MW h 2 A 500 L 3 FfAS [6] (9 7K %5
W (a:7K ;b:0.08 mol- L™ [ (NH,),Ce(NO,), ¥ i (pH=1
M) = 38 H B PR 3 ) 5 ¢ :0.08 mol - L7 19 Na,S,05 i i
(pH=7.2 W BEIR 22 vh i W) I s HL R i 480 < i A4
B AL R % 8 R 25 mL WY RS Be I 4 3 s
B, P 2 0 V- A BN B K AR
Ji 12 A £ 5 (38 B 218 28 7 7890A A AH (4 ik
A, TCD A5 DU 25 I 22 BRI O, BEF 30 s it 5% — Ik
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A

1 [(m-PDA)CoCL,| i 2544 7m B &
Fig.1  Structure of [(m-PDA)CoCl,]
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FH Col Z IR R P | DT 52 B /K Y 48 Ak 2
N, TIASTE B T I 6 HOR A 175 5 )L 1 & A
[E] T BE 5 40 Coll 7R3 AL BoR 19 2544 T,
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Fig.5 Plots of oxygen evolution (mL) over time for
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acetonitrile solutions containing 0.009 mol -
L' Col at 298 K (25 °C) in the presence of
diffident conditions: (a) pure water; (b) 0.08
mol- L Ce() (in trifluoromethanesulfonic
acid solution of pH=1 (c) 0.08 mol- L™ S,04*
(in phosphate buffer of pH=7.2)

7T A6 4 5 T R LR R K B B A
TR R ORI ST 2 A AN [R) A
JFERIREAR, X AT AEJE T RO 7R S A 26 1 R AT

x1 AW Col BULKEMENRMENLE
Table 1 TON and TOF values for the water oxidation catalyzed by the complex Col

Col

¢o, / (pmol -17) vo, / (pmol - L™+ min™) TOF / s TON

Pure H,0* 42.72 3.43 0.21 15.38
pH=1, CellV)/H,0" 34.71 5.63 0.23 12.49
pH=7.2, S,047/H,0¢ 40.94 6.86 0.29 14.74

* pure water; " 0.08 mol+ L™ Ce(lV)(in trifluoromethanesulfonic acid solution of pH=1); ¢ 0.08 mol-L™" S,0¢" (in phosphate buffer of pH=7.2).
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Fig.6 Cyclic voltammograms of complexes in 0.1 mol- L
TBAP (1 mmol- L™ Col in Vy'Vy 0=6:1), and
inset shows Col in dry MeCN
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