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Synthesis and Crystal Structure of Two Heterometallic
Carbonyl Substituted Clusters with Fe, Co and S atoms
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Abstract: Two novel substituted derivatives (us-S)(u-H)Fe,Co(CO);L, (n=2, L=AsPh; (3) n=1, L=dppm (4)) have
been synthesized and characterized by IR, '"H NMR, *P NMR, MS and X-ray crystallography . The cluster 4 crys-
tallizes in monoclinic space group C2/c, with a=1.589 1(7), b=1.814 9(8), ¢=2.277 8(11) nm, $=96.861(8), V=
6.522(5) nm?, Z=8, D.=1.552 g-cm™, F(000)=3 094, ©=12.95 cm™. Final R indices [I>20(])]: R,=0.054 3, wR,=
0.101 1. The cyclic voltammetric behavior for the parent cluster 1 and its substituted derivatives were investigat-
ed, the results show that the order of o-donator ability is CO < PPh; < AsPh; < dppm. CCDC: 221867.
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175 1500 52 K% XT-4 B 5548 % A Elementar
var III JC & 70 Hr (L #E47 C HIN JTTR 05 R
Nicolet FTIR £LAMETEACI 2 206 Bl s FI A
JNM-AL-300FT-NMR spectrometer 1% i 3t iz 430 22
'H NMR .®C NMR %t 9% ;>P NMR ] H Bruker AC-
500 R fG I ARACI 5E 5 5T A0 o SR FH L 25 fL
(ESI) 77 =, Fl I Micromass LCT Jit 3% 4% I 22 ; R H
BAS 100A 7 H Al 2 233 i ASO BEAR 3 5 1)
WA A AT T ML AR 2 R B
1.1 (us-S)(u-H)Fe,Co(CO)s(PPh,) (2)7% & ¥ H9

B

# 0.24 mmol HFe,Co(CO),S¥H1 0.25 mmol PPh,
W T 20 mL W ) 76 40 CRHEFERN 4 h, B
SEREEHN, B EHE Fare . HIES
e/ — S W e (10 1)V Rk 771, Wi 4R 55 2R i 1 [ e
PO b, B BR R0 A5 R EORLAL AR . T 5P B/
1E C BE HB A LA AR, T 20 CH 25§, 15 35 mg
AR 2,773 21% 1 5142 °C, TTR I (%, 35
SN B H ) : CyeH CoFe,04PS, C 44.46(45.28), H
2.58(2.18);IR(¥CO,cm™) 2079s,2 018vs,1 980s,1 9425;
'H NMR(DCCl;,6):7.43~7.48(m, 15H,C¢H;),
1.2 (usS)(u-H)Fe,Co(CO),(AsPhy), (3) 75 & ¥ HY

B

# 0.24 mmol HFe,Co(CO),S 1 0.25 mmol AsPh,
T 20 mL HI2EH TE 60 “CRHEHE AL 24 h, B
WEREWEN, REYAAEER)ZAE Lo s, HIE
Che/ /W LE (10:1) FEMBER, Wik R Ol T
BB, HAaBREEA, 14 60 mg FrlB @ik
PR 3,07 H 25% . JUER T (%, H5 5 NN THRAE)
CyH3CoFe,0,As8,S,C 50.77 (50.99),H 3.02(3.06);1R
(vCO,ecm™) 2076s,2043vs,2010vs, 1 944s;'H NMR
(bCCl;,6):7.23~7.63 (m,30H,CcHs), —19.93, -20.50
(d,Fe-H-Fe),
1.3 (us-S)(u-H)Fe,Co(CO),(dppm) (4)7& & HEY

B

# 0.24 mmol HFe,Co(CO),S 1 0.25 mmol dppm
W BT 20 mL WU 76 40 CRHEHERN 6 h, B
HEREEN, BT E AL oy, HIEC
B/ — A BEG: DA GE R, A7 R A T R I A
L, A BR A VAR AR S AR
Cbt FORT I R i, T-20 CHEE5 4,15 32 mg
@ ARR 4,775 10% 16 13 177 °C, TLR T (% 4 5

N it 4l ) : CHxCoFe,0.P,S,C 48.61 (48.98),H
3.17(2.93);IR@CO,cm™) 2056vs,1994vs,1925m;'H
NMR(DCCls,8):7.14~7.66(m,20H,CHs),-20.90,-20.93
(d,Fe-H-Fe);2.16 (s,2H,CH,);*P NMR (CH,C,,):
61.38~63.49,41.51(br,Ph,PCH,PPh,), MS(ESI): 784(M").,
1.4 BREEHWSHT
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0.101 1[7>20 ()] F1 R,=0.110 8 ,wR,=0.127 9(all data),
w=1/[c*(F})+(0.044 6P)*+13.310 7P), H:rf P=(F+2F?)
13, &Y 4 147 XN CuHuCoFe,0.PS, M, =
784.18, HEWIARJE F A R, C2/e ZSRIHE; S
# .a=1.589 1(7) nm,b=1.8149(8) nm,c=2.277 8(11)
nm,3=96.861(8)°;V=6.522(5) nm’*, Z=8 , F(000)=3 094,
D.=1.552 g-em™,u=12.95 em™,5=1.052, Ap,.=631 e-
nm>, Ap,;, =367 e-nm™, A UK 1, FEEK
FEEAA L 1,

CCDC 221867,
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Molecular structure of cluster 4

Fig.1
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Table 1 Selected bond lengths (nm) and angles (°) for cluster compound 4
Bond lengths / nm
Co(1)-S(1) 0.214 94(17) Fe(1)-P(2) 0.221 00(17) C(1)-0(1) 0.114 6(7)
Co(1)-P(1) 0.220 23(18) Fe(1)-Fe(2) 0.259 64(14) C(2)-0(2) 0.115 4(7)
Co(1)-Fe(2) 0.254 63(16) Fe(2)-5(1) 0.217 63(18) Fe(1)-C(3) 0.176 0(8)
Co(1)-Fe(1) 0.256 05(13) Co(1)-C(2) 0.173 4(7)
Fe(1)-5(1) 0217 7(2) Co(1)-C(1) 0.176 1(7)
Bond angles / (°)
C(2)-Co(1)-P(1) 101.6(2) P(2)-Fe(1)-Co(1) 94.57(6) Co(1)-S(1)-Fe(2) 72.12(6)
C(1)-Co(1)-P(1) 97.9(2) P(2)-Fe(1)-Fe(2) 151.93(6) Co(1)-S(1)-Fe(1) 72.58(6)
P(1)-Co(1)-Fe(2) 152.18(6) Co(1)-Fe(1)-Fe(2) 59.17(4) S(1)-Fe(1)-Co(1) 53.22(5)
P(1)-Co(1)-Fe(1) 96.61(6) Co(1)-Fe(2)-Fe(1) 59.7103)
Fe(2)-Co(1)-Fe(1) 61.12(4) Fe(2)-S(1)-Fe(1) 73.24(6)
1.5 B{LFHERER o #EEFip
205 (CHLCN) R 3 5, S8 BE R 35 5 W0 (us-S) (-

H)Fe,Co(CO), (1) 5 HIBCATA Y 2.3 .4 AL 1.0
mmol - L™ IR, FE WA T, A 1.0 mmol - L™ )
n-Et,NCIO(TEAP) k32 45 B f# 0T . FH 1 mm?® A4 i
TAEHA, Ag/AgCl S i, DL AR N 0.55 mm,
K0 3 em AL J 5 B, 7F BAS 100A BUF 4k
SR MNRA TR PR AR L B R I 0 i
1 2R 20 min, BR R AR T AR TEA
SARPR L L 100 mV -s 0 4 $ R0 E 5 S W M
BT AR M AR BT, 5 1 R 0 B AR 22 B
W2,
R2 HAVNERRRHE
Table 2 Cyclic voltammetric data for cluster

compounds
Compound E.!V Eo/lV E.I'V
1 0.308 0.664 -0.920
2 1.156 — -1.028
3 0.480 — -1.100
4 0.228 — -1.320

a platinum electrode (AgCl/Ag standard) with 0.001 mol - L~

TEAP at 20 °C in 100 mV scan rate.
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Fig.2  Molecular structure of the clusters 2, 3, 4
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