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Synthesis and Characterization of [FeFe]-Hydrogenase Model Complex Functionalized
Polymers Based on Different Content of Alkaline Group
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Abstract: Co-polymerization of [2Fe2S] model complex [Fe,(u-SCH,C = CH),(CO)¢] (A), diazide 2,6-(N;CH,)Py (B,
Py =pyridine) and diyne compound (2-PyCH,)N (CH,C =CH), (C, Py =pyridine) led to the formation of six
functionalized Polymers Polymer-1~Polymer-6 via “click reaction” by varying the ratio of the three components.
These Polymers were characterized by IR spectroscopy, sulfur elemental analysis, thermal gravimetric analysis,
scanning electron microscopy and electrochemistry. IR spectroscopic data and electrochemical investigations
suggested that diiron hexacarbonyl complex A exists as diiron pentacarbonyl unit in these Polymers. In the co-
polymerizing process, increasing the content of monomer C can significantly change the morphologies of these
Polymers and improve their solubility in organic solvents and thermal stability. Electrochemistry of these Polymers in
acetic acid-DMF indicated that the secondary coordination atmosphere established by introducing alkaline group

provided by the monomer C can significantly enhance the catalytic performance of the diiron units in these Polymers.
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PEREBIFZI

1 EHE;S

1.1 KM RSERRE

A ¥ Bkt 28 S UG B A DL K 4 T e & 0 1Y)
B BCERE ¥ R FARE Schlenk Jo/K TEEFE A, 46K
IR T 1 AR Ak, o R i
Alfa Aesar 5 Sigma-Aldrich 22w, 525y H #5540
P 28 A v I K B R A B Fl 2 S 06 R 4
B = R R G AE U AR R S Y AR
R FRE—E B R A AF] 0.1 mol - L'[-BuyN]
BF,-DMF W T, DL 0.1 V- B BOREAT 15
FN T A B A RS ) e ad — R OE . T
FL A R R o SR A ) DMF V4 W0 i
F ITO BE 3 H AR b XUl 28 A5

SEHS Al AR RS IR LA R
Scimitar2000 (Varian), #3410 BrukerAvance
DRX (400 MHz), JC# 43 #7 N Heraeus CHN-O-Rapid
Elementar Vario MICRO (7 &), # 3 43 87 & TA
SDTQ600, 145~ Quanta 200F(FEI Netherlands),
ML Tk TAEW A Autolab Potentiostat 30,
1.2 BGEREEUNERRRIE
121 &Y A S
1.2.1.1  (u-Sy)Fey(CO) 19E AL

PR AU PRI ] 500 mlL /9 = S0 i A
Fe(CO)5(25 mL) Ml 125 mL T 9 FF | 4% Ji5 12 12 7%
Jn 75 mL 2 BRZS A 50% KOH /KW, il
30 min 5 RVIRE AR 0 C, ZZERMA 33 ¢ S5,
SN ST 220 78 T B, EOTE O °CTF ki
#£ 60 min, AILA 150 mL 7K 300 mL A7 17k f5 46 &
W 2F A 85 ¢ NH,C1 19 150 mL /KiEW . %
VKB = TR 16 h, EAVAHERO @G, A
HUAHJG B0 200 mL A1 il EE A BUK A, A IR HL
M, URE TR MR A, R NG T E S
fin, A3 B0 R R4 (9.68 g, 30.3%), ZLAMEGIE(Z
5 ,em™):v(CO), 2 083(m) 2 041(s) 2 002(s). ¥ £
51~52 °C.
12,12  (u-SCH,CCH),Fe,CO, 15 B

FE AR B (u-S,)Fey(CO)6(0.58 g, 1.7 mmol)
W T 50 mL T4 () THF, T 0K/N %% 20 &2
—78 C, 184N LiEt;BH(3.4 mL, 1 mol-L" THF ¥

W), AR Sy A BEFE 20 min, ZE1BTH N 3-1R A
#(0.38 mL, 3.4 mmol, 80% ! R WK), 4 25 1T UK/
a1 8 N VA B N R 7 W e o S EA R N L DR X
B VA 00, REL 7™ 0 SR H AR €5 33 3 5 (U6 711 . A il i
AL RIS A0.138 g, 20%) ., £LAMGIE(—
AW EE, em™):»(CO), 2 077(m) 2 043(s) 2 004(s).
122 &Y B WA

1.2.2.1  2,6- 75 H R ML IE (C,H,Br,N) 4 i

E AT I & T JU(AIBN, 100.4 mg)
FN-IRAL T kS % (NBS, 10.70 g, 60.12 mmol) )
CCL(100 mL)# W H A 2,6-— H FLikiE (3.5 mL, 30
mmol), Y200 W HVBUT) FHEFE I 2 h, A2
IR A A KRR YIE R, RN AFIEE o
UEER LANVEY), WOHE TV, 5k B A eIk A ot
FEETEHAT BV nonlV aun=1/6), 14 H EH AR

K (1.28 g, 17%), % & .92 °C,"H NMR (CDCI,
295.5 K): 4.55(s, CH,), 7.38(d, Py, J=7.8 Hz), 7.70(q,
Py).

1222 2,6-5 % H HEMLE (C,H,N,) 194 B

FER AN 2,6- IR BLMERE(1.75 g, 6.67
mmol) 7% i JITA £ NaN3(6.50 g, 100 mmol)f) DMF(50
mL)E MO, T 80 CCHEFE Y 10 h, K58 4
JE A I A RO R B, SRR AR A
100 mlL ZE48 7K 335 1 A HL 3 IR (3%50 mL),
AN, R A E K A BUE PLAE 3 R (3%20
mL), JIATE & JCK B R BE T, i BBk K2
B WU E T, 5% A 0 £ HIR A e R S R AT 43
BV zwenlV aua=1/3), 3RS B(1.22 g,
96%)., IR (nujol): »(-N;) 2 104 em™. 'H NMR(CDCl;,
295.5K): 4.48(s, 4H, CH,), 7.30(d, 2H, Py, J=7.6 Hz),
7.76(q, 2H, Py).
123 &Y CEm

E AR BE 3-IR I E(1.2 mL, 10.00 mmol)
ZetgANAZE 20 mlL 192 H B IERE (0.5 mL, 5.0 mmol)
1) THF W, P dE T B MmA 1.5 mL 1Y
EGN, SOV AE % il TP 0 18 h 5 1k RO 5 ik
DR 25 R, DR e TV ) AR A I eIk
Wi A BT BV smenlV aunw=2/3), 1H K E
@RI A% C (850 mg, 87.4%), IR (nujol):
v(CCH), 3 105 ¢m™. '"H NMR(CDCls, 295.5K): 2.27(s,
2H, CCH), 3.47 (s, 2H, CH,), 3.85 (s, 4H, CH,), 7.18
(tri, 1H, Ph, J=6.1 Hz), 7.44 (d, 1H, Ph, J=7.8 Hz),
7.66 (tri, 1H, Ph, J=7.6 Hz), 8.56 (d, 1H, Ph, J=4.5
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Hz). "C NMR(CDCl,, 295.5K): 42.3, 58.9, 73.4, 78.6,
122.3, 123.3, 136.6, 149.4, 158.1,
1.2.4 %4 Y (Polymer-1~Polymer-6) /1 & A

(E A TR ) A([Fey(u-SCHLC = CH),
(CO)e))(0.63 g, 1.47 mmol) LAY C (0.12 g, 0.63
mmol) i) THF % ¥ (40 mL) "I A — & EA &Y B
(0.40 g, 2.1 mmol)#Y THF ¥ (5 mL), 2R J5 A Cul
(17.1 mg, 0.09 mmol)J Et;N i (0.40 mL), TR
BT 40 CHBTH RN 18 h, Fil A Rk THRE
(R A Y VAR JS e E PR 1) 2 S R A I C e

(1 000 mL)H , FFZz R HE B FE 20 min, 2R 5 & T = i
TUTKE 48 h, SONORE F AT H K& i R A TTE
A1l S5 K™ )4 THF (250 mL), H,O(100 mL),
ELO-EtOH 1:1(250 mL)#l EL,0(250 mL)BE % |, Y4
B {4 [E /K Polymer-1(0.71g, 63%), B2 T8 J5 7£ R
RAA T AT EAE,

R G Polymer-2~Polymer-6 5 %5 LA %
%) Polymer-1 (1) S2 S EAH R, U RICT AN [FH]
P, & R A ) Polymer-1~Polymer-6 4%
B K = 7= 58 TR 1,

*1 AREASY Polymer-1~Polymer-6 FT 5 1 & 5z ¥ K& 7= %
Table 1 Quality of reactants and the yields for the synthesis of Polymer-1~Polymer-6

my /g (na / mmol)

mg / g (ng / mmol)

me/ g (nc / mmol) mpay | g, Yeay | Y%

Polymer-1 0.63 (1.47) 0.40 (2.10) 0.12 (0.63) 0.71, 63
Polymer-2 1.20 (2.84) 1.08 (5.68) 0.57 (2.84) 0.93, 33
Polymer-3 0.42 (1.00) 0.48 (2.51) 0.27 (1.51) 0.31, 26
Polymer-4 0.84 (2.00) 1.27 (6.67) 0.85 (4.67) 0.69, 23
Polymer-5 0.11 (0.25) 047 (2.51) 0.45 (2.26) 0.26, 25
Polymer-6 0.00 (0.00) 0.50 (2.66) 0.53 (2.66) 0.21, 20
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Scheme 2 Synthesis of Polymer-1~Polymer-6
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2.1 E A% Polymer-1~Polymer-6 & X

W W | 76 S AL B AL BT 38 S 72 b3
rhuC S 30 0 AR VIR B A B A% 0 TR B T i AR
FHE P FATHE A U R A b B S A
C, VIS0 23R 5 W 0 ot 5% R T RS K M | DA SR A
P ER (%) B 1 2 L R 1) 7k I A S Ak il A Ak i 2 b BT

EEIHIEH . Polymer-1~Polymer-6 & il % 4k & 3R
& LBl Scheme 2 F13E 1 7R, (L&Y A Al B 4%
HESCHR 4 T8 1 77 i G U AB G € DL Rk g
13- IR B R IR FE = 2R 0 25440 T 1] DA 7= R
oA R R A T B EIMA MR C XREG YT
B sZm , FRATHEGE T 6 R AR (9 R A A9 (Scheme
2), N T 6 MEREYEA RN, T RE
S 34 R T AR R) 04 g 2% A . %5 550 (THF) | A Ak 571
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M5 E 1R G Poly-Py 1L g% T DMF 5 DMSO',
AR SCA U 6 A~ 2R G W A8 Vi ik B Ty T A5 AR Kt i
H, AU Tomm M % M 40 CH;0H ,CH,CH,0H |
DMF 5 DMSO, i H.7E H 55 % P i 3% 5% (40 THF |
DCM) P A RS A VA A 3k 2 3R 5 MDA M i 2
LR TRAEMWA D GIAT &k 5 A ik
C,ZHEUT 2 AT HAELETHBNEL.(HWES
W i AT 38 | A 2R W I R A e T e e
ARGV TR VR I, (2) 0 — T i, AN R
K B iR C, ¥ & A R Rk sE e | B G 5 45
PR I SR LSS, S B0 v A s A
A 30 I R B AR R

N T B UE R A BN e BRI ATT I A 1 6 PR
B4, FRATX Polymer-1~Polymer-5 i#£17 1 i
JCE 53 BT (Polymer-6 K51 AR A HCR G AR
FEEmITE), WE 1 AT RLE B Sebs il 6t ot 2 &
R E TR T EOR A B, (H AR Ak
— B AR R R 25 1 SRR AT BR LA DL A
D71 — 2 R A A RN I 5 R S () [2F e2S 45 7Y
LG YIPIR A R38R R m TR C; Rk A TE
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LT B BT IR 3 AT DL B Bl
TR A BRI D SC I A S S (E 1 1R 22
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Fig.1 Comparison of the measured mass percentages
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30% 2 [H], 3X Bk — U i TR A 138 R
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Bk C S 5REWMPILREE I, 7 W) h & R d o3 i L
BT THORH L, SR S B = 1) 1Y 22 5 A8
/N
2.2 Polymer-1~Polymer-6 HJ 3R {iE

W&l 2 fir 78, Polymer-1~Polymer-5 iX 5 > &
A IR ELITIN R G WL AME S FRATT 2w &
1) 2 4 ¥ (Poly-Py Fl1 Poly-Ph)— (™ 1 j& 3
R T R ) OB A W I 2 A R sl R
EEILR R KA 1D E A 1
A = T BRI 2T A R I X A AR R Y
Ik, RERE ] E L R [A & R [FeFel]-2 1L i
[2Fe2SHEBIL &R B R AW b IF H 8ot
BT A7 A8 R Z BT A IR B 2 Rl FRLAOE ) SRS
(Poly-Py F1 Poly-Ph)AH [7]18! RIl hy « o5 o ~ /2 1 £5 %
9 =R 100 1 A N5 R A R N i
JCHEY 1A Fe I #EATBCAL , TR )8 — 4% Tk ik
IR R,

% J&E| R 4 Y (Polymer-1~Polymer-5) 1 3% & A
DA R PR AT X oA B i 45 S R F ATk —
T XL R A W TEES IR A 15T 1 B e s
O, I FH LA I3 A6 I H 5t 1Ak w1 284k 18T 3~5
J1 R4 ) Polymer-1~Polymer-5 Jit b1 5 i 215k
X CARHER | BT AT R LM R A
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ATk — 2% Polymer-1~Polymer-6 #47 I #  Polymer-1~Polymer-5 11 2% @ % K & 10% (H
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Fig.3 IR spectral changes of Polymer-1 and Polymer-2 before and after the addition of acetic acid
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F3KCIR (Polymer-2~Polymer-4) - 2] ;i 4k (Polymer-5
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W OFEERKB XS T #— L RE
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Fig.7 SEM images of Polymer-1~Polymer-6 (magnified by 50 000 times)
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Fig.8 Cyclic voltammograms of Polymer-1~Polymer-6 before and after the addition of acetic acid in [t-Bu,N]BFy/DMF
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