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Synthesis, Structures and Electrochemical Properties of Nitro- and
Amino-Functionalized Diiron Azadithiolates as Active Site Models of

Fe-Only Hydrogenases
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Abstract: Complex [{(u-SCH,),N(4-
NO,C4H,)}Fe,(CO);] (4) was prepared
by the reaction of the dianionic inter-
mediate [(u-S),Fe,(CO)¢]>~ and N,N-
bis(chloromethyl)-4-nitroaniline as a
biomimetic model of the active site of
Fe-only hydrogenase. The reduction of
4 by Pd-C/H, under a neutral condition
afforded complex [{(n-SCH,),N(4-

Both complexes were characterized by
IR, 'H and *C NMR spectroscopy and
MS spectrometry. The molecular struc-
ture of 4, as determined by X-ray anal-
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ysis, has a butterfly 2Fe2S core and the
aryl group on the bridged-N atom
slants to the Fe(2) site. Cyclic voltam-
mograms of 4 and 5 were studied to
evaluate their redox properties. It was
found that complex 4 catalyzed electro-
chemical proton reduction in the pres-
ence of acetic acid. A plausible mecha-
nism of the electrocatalytic proton re-

NH2C6H4)}F62(CO)6] (5) in 67 % yleld.

Introduction

As molecular hydrogen is a clean and highly efficient fuel,
the Fe-only hydrogenase, which is much more efficient in
hydrogen production than other types of hydrogenases, has
attracted intensive attention in recent years."™ The X-ray
crystallographic studies revealed that the active site of Fe-
only hydrogenases, so-called H-cluster, contains a 2Fe2S
subsite with one of the iron atoms linked to a 4Fe4S cluster
by the sulfur atom of a cysteinyl ligand.>® Recently, crystal-
lographic studies and theoretical calculation suggested that
the bridging dithiolate ligand feature the bridge of
-SCH,NHCH,S- (ADT) or the N-protonated equivalent
(see below).I"™!
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On the basis of the X-ray crystal structures of Fe-only hy-
drogenases, a variety of 2Fe2S complexes with either a
PDT- (SCH,CH,CH,S),” an ADT-'"3 or a trithiolate-
bridge!"* ! were prepared as models of the diiron subsite of
H-cluster, and the ligand exchange reactions with all-car-
bonyl diiron dithiolates were studied intensively.'*"*] Both
Darensbourg and Heinekey described H/D exchange reac-
tions of hydride complexes [(u-H)(u-PDT)Fe(CO),(L),]
(L=PMe;, BuNC).'"| Rauchfuss and co-workers reported
the electrochemical reduction of protons to H, catalyzed by
PDT-bridged diiron complexes in the presence of a strong
proton acid, H,SO,, HCl or HOTs,*?! whereas Dare-
nsbourg and co-workers reported that 2Fe2S model com-
plexes can act as catalysts for electrochemical H, evolution
in the presence of a weak proton acid (HOAc).” The func-
tional and structural mimics of the diiron subsite of Fe-only
hydrogenases can shed light on the working mechanism of
their active site and enable us to eventually produce molec-
ular hydrogen using biomimetic catalyst systems.

We are interested in the concept of light-driven proton re-
duction by an artificial supramolecular system,”' which is
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composed of a biomimetic model of the hydrogenase active
site and a light-harvesting component. In order to attach a
2Fe2S subsite model to a photosensitive species, a suitable
functional group should be introduced on the azadithiolate
bridge. Here we report the preparation and electrochemical
properties of nitro- and amino-functionalized diiron azadi-
thiolates, [{(u-SCH,),N(4-NO,C¢H,)}Fe,(CO)4] (4) and [{(u-
SCH,),N(4-NH,C¢H,)}Fe,(CO),] (5), as well as the molecu-

NQX 4: X =NO,
5: X = NH,
6:X=Br
SaS 7iX=1_
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Fe—Fe 9. X = C-Cterpy
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lar structure of 4. Complex 5 with an amino-functionalized
bridging-azadithiolate ligand is ready to be linked to a redox
active species for the further studies of electron-transfer
processes and redox level changes of the novel supramolec-
ular system.

Results and Discussion

Synthesis and spectroscopic characterization of complexes 4
and 5: Very recently, we have reported an amino-functional-
ized model of the diiron subsite prepared by the reaction of
1,3-propanedithiol and [Fe;(CO),,].*"! Early in our work, we
tried to synthesize the nitro-functionalized diiron azadithio-
late by the reaction of [Fe;(CO),,] and N-(4-nitrophenyl)-2-
aza-1,3-propanedithiol, but did not get the desired product.
The synthetic route was thus adapted to Rauchfuss’ protocol
(Scheme 1).'" Treatment of lithium salt (2), freshly derived
from [(u-S),Fe,(CO)4] (3), with N,N-bis(chloromethyl)-4-ni-
troaniline (1) gave complex 4 in a good yield. Different
methods were explored to reduce complex 4 to an amino-
functionalized complex 5. The reduction of the NO, group
of complex 4 by Sn/HCI gave complex 5 in a very low yield.
Characterization of the reduced products of complex 4
showed that the frame structure of 4 decomposed in a hot
acidic aqueous solution. The attempt to reduce compound 1
to N,N-bis(chloromethyl)-4-aminoaniline prior to the combi-
nation with the diiron part was unsuccessful because com-
pound 1 is not thermostable above 0°C. However, complex
5 was obtained in a reasonable yield by the reduction of
complex 4 using Pd/C/H, under mild and neutral conditions.
Complex 5 could also be obtained in 20% yield via a
straightforward reaction of [(u-SH),Fe,(CO)s] with a pre-
mixed THF solution of paraformaldehyde and p-phenylene-
diamine (Scheme 1). Complexes 4 and 5 were stable to air
in the solid state but moderately sensitive in solution.
Complexes 4 and 5 were characterized by IR, 'H and “C
NMR spectroscopy and MS spectrometry. The mass spectra
of API-ES positive mode show the parent ion peaks at m/z
531 [M+Na]* for 4 and 479 [M+H]" for 5. The IR spectra
of complexes 4 and 5 in CH,Cl, each show three strong CO
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Scheme 1. a) (CICH,),N(4-NO,C,H,) (1), THF, —78°C, 2 h; b) Pd/C, H,,
CH;0H, 30°C, 18h; c¢)F;CCOOH, THF, -78°C, 20min; d)p-
C¢H,(NH,),, paraformaldehyde, THF, 4 h.

bands in the region of 1990-2080 cm™'. Two characteristic
NO, frequencies at 1520 and 1325 cm™ for 4 and a weak
NH, band at 3370 cm™' for 5 were observed. Table 1 shows
a comparison of CO bands for 4, § and some related diiron
aryl-azadithiolates [{(u-SCH,),N(4-XC¢H,)}Fe,(CO)¢] (X=
Br (6), 1 (7), trimethylsilylethynyl (8), and [4'-(2,2":6’, 2"'-ter-
pyridyl)]ethynyl (9)).%%3? The values of CO bands of com-
plex 4 are quite similar to those reported for its analogues
6-9, while the CO bands of amino-functionalized 5§ move by
4-6cm™ to lower wavenumbers, implicating that the elec-
tron releasing effect of the NH, group on the para-position
of the benzene ring does have a subtle impact on the elec-
tronic property of the carbonyl ligands.

Table 1. A comparison of CO bands of analogous diiron aryl-azadithio-
late complexes [{(1-SCH,),N(4-XC¢H,)}Fe,(CO),].

Complex X CO bands (CH,Cl,, cm ™) Ref.

4 NO, 2077 m, 2040 s, 2003vs this work
5 NH, 2073 m, 2034 s, 1998vs this work
6 Br 2077 m, 2038 s, 2000vs G2

7 I 2076 m, 2038 s, 2000vs G2

8 C=C-SiMe; 2076 m, 2038 s, 2001vs (321

9 C=C-terpy 2076 m, 2038 s, 2001vs (28]

Compared with the signals of 4, the corresponding signals
of 5 are upfield-shifted owing to different electronic effects
of NO, and NH, groups. The hydrogen atoms of the ben-
zene ring present themselves as two singlets for 4 and a
broad singlet for 5, assuming that the reduction of the NO,
group makes the chemical environments for the four hydro-
gen atoms of the benzene ring alike. In the *C NMR spec-
tra, the signals of the carbon atoms of 5§ are also shifted up-
field compared with the corresponding ones of 4. The simi-
lar chemical environment for two ipso-C atoms, each of
which is attached to an amino-N atom of the benzene ring
in complex 5, lead to analogous chemical shifts (6 =140.40
and 138.21).

Molecular structure of 4: The crystallographic structure of 4
is given as an ORTEP diagram in Figure 1. Selected bond
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Figure 1. ORTEP (ellipsoids at 30 % probability) diagram of 4.

lengths and bond angles are listed in Table 2. Crystallo-
graphic study of 4 shows the structural resemblance of 4
with the active site of Fe-only hydrogenases.>®! As previous-

Table 2. Selected bond lengths [A] and angles [°] for complex 4.

Fe(1)—Fe(2) 2.4998(10) Fe(1)-S(1)-Fe(2) 66.98(4)
Fe(1)-S(1) 2.724 (13) Fe(1)-S(2)-Fe(2) 67.06(4)
Fe(1)-S(2) 2.2561(12) S(1)-Fe(1)-S(2) 85.36(4)
Fe(2)-S(1) 2.2576(13) S(1)-Fe(2)-S(2) 85.40(5)
Fe(2)-S(2) 2.2694(10) C(13)-S(1)-Fe(1) 111.32(12)
Fe(1)~C(1) 1.798(4) C(14)-S(2)-Fe(1) 106.56(12)
Fe(1)~C(2) 1.8805(4) C(1)-Fe(1)-C(2) 99.85(18)
Fe(1)~C(3) 1.790(4) C(2)-Fe(1)-C(3) 92.32(19)
N(1)-C(7) 1.388(4) C(3)-Fe(1)-C(1) 97.23(17)
N(1)-C(14) 1.432(4) C(1)-Fe(1)-S(2) 100.89(12)
N(1)-C(13) 1.423(4) C(1)-Fe(1)-S(1) 103.84(12)
S-S 3.070 C(7)-N(1)-C(13) 123.5(3)
C(7)-N(1)-C(14) 121.2(3)
C(13)-N(1)-C(14) 113.0(3)

ly reported 2Fe2S models, the central 2Fe2S structure is in a
butterfly conformation and each Fe atom is coordinated
with a pseudo-square-pyramidal geometry. The Fe-Fe dis-
tance (2.4998 A) is somewhat shorter than that in the struc-
tures of DdHase and CpHase (ca. 2.6 A)®7 and in good
agreement with the structural data of Fe—Fe bonds
(2.49-2.51 A) found in other diiron azadithiolates.'>'>?!
The bridged-N atom is not in the plane defined by the C(7),
C(13), and C(14) atoms. The sum of the C-N-C angles
around N is 357.7°. The slight distortion of the planar shape
of the sp*-hybridized N(1) atom can somewhat weaken the
p-7 conjugation between the phenyl ring and the p orbital
of the bridged-N atom, resembling the situation in other
two structural examples of diiron aryl-azadithiolates report-
ed very recently.”® The structural character may greatly in-
fluence electron-transfer processes in the designed molecu-
lar assembly of model complex 5 and a photosensitive spe-
cies. The 4-nitrophenyl group slants towards the Fe(2) site,
and the axial through N(1), C(7), C(10) and N(2) atoms is
approximately parallel to the apical carbonyl ligand (C(4)-
O(4)) on the Fe(2) atom. The Fe(2)(CO); unit that lies
under the nitroaryl ring is perturbed by the long range inter-
action. The angle of C(4)-Fe(2)-Fe(1) (155.06(10)°) is en-
larged by 6.9° compared with that of C(1)-Fe(1)-Fe(2)
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(148.20(12)°). The latter is quite similar with the corre-
sponding angles (148.31(9)°) for the PDT-bridged analogue
[(u-PDT)Fe,(CO)s]," in which two Fe(CO); moieties are
symmetric. The preliminary studies on the ligand-exchange
reactions showed that one of the CO ligands on the Fe(1)
atom could be substituted by PPh;, but due to the spatial re-
quirements of the 4-nitrophenyl group, the further displace-
ment of the CO ligands on the Fe(2) atom was thwarted.
Another evidence for the CO-monosubstitution to Fe(1) by
PPh; is the formation of an analogous complex [{(p-
SCH,),N(4-BrC¢H,)}Fe,(CO)s(PPh;)], the structural study
of which shows that the PPh; ligand is coordinated to Fe(1)
in the apical position.F

Electrochemistry of model complexes 4 and 5: Cyclic vol-
tammograms of model complexes 4 and 5 (Figure 2) were
studied to evaluate their redox properties since the iron
core plays a key role in the formation of Fe-H hydride and
the process of H, evolution by Fe-only hydrogenases. Elec-
trochemical data of PDT- and EDT-bridged (SCH,CH,S)
diiron complexes as well as diiron dialkylthioates have been
reported in the literature of recent years,”* %3 but very
few data on ADT-bridged diiron model complexes have
been reported.F? The cyclic voltammograms for 4 and 5
were recorded in CH;CN (with 0.05m nBu,NPF; as electro-
lyte) and the electrochemical data were given in Table 3. An
irreversible oxidation and two quasi-reversible reduction
peaks were observed for 4 (labeled by 1, 2 and 3 in Fig-
ure 2a), while complex 5 manifested an irreversible reduc-
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Figure 2. Cyclic voltammograms of 4 (a) and 5 (b), 1.0 mmol in 0.05m
nBu,NPF/CH,CN at a scan rate of 100 mVs™".

www.chemeurj.org Chem. Eur. J. 2004, 10, 44744479


www.chemeurj.org

Diiron Azadithiolates

Table 3. Electrochemical data of complexes 4 and 5.

Compound E;w™ [V] En E[V] E. En[V] Ex E.[V]
Fe'Fe'/ Oxidation of Fe'Fe!/ Fe'Fe!/
Fe''Fe! NH, Fe'Fe! Fe'Fe’
4 +0.78 - —1.34, —1.71,
—-1.28 —1.63
5 +0.80 +0.28, —1.48, -
+0.20 —-1.23
[(-PDT)Fe,(CO)]  +0.84 - _157, E.=-211
—1.47

[a] All potentials in Table 3 are versus Ag/Ag* (0.0lm AgNOj; in
CH,CN).

tion peak together with an irreversible and a quasi-reversi-
ble oxidation peaks (labeled by 2’, 1’ and 1” in Figure 2b).
The irreversible oxidation peaks (labeled by 1 and 1') at +
0.78 V vs. Ag/AgNO; for 4 and +0.80 V for § are ascribed
to the [Fe'Fe'|—[Fe"Fe'l+e~ process as described for the
PDT-bridged diiron complex [(u-PDT)Fe,(CO)¢] by Dare-
nsbourg and co-workers.””) The extra quasi-reversible oxida-
tion peak at +0.28 V for 5 (peak 1” in Figure 2b), which is
not observed in the cyclic voltammogram of 4, is presumably
assigned to the oxidation of the NH, group of 5. By compar-
ison with the electrochemical studies of [(u-PDT)Fe,(CO);],
[(u-SR),Fe,(CO)] and their derivatives,*?”! the reduction
peaks at —1.34 V for 4 and —1.48 V for 5§ are assigned to a
one-electron process [Fe'Fe'|4+-e”—[Fe’Fe'] (E,) and the
peak at —1.71 V for 4 to the second electron-transfer proc-
ess [Fe'Fe'] 4+ e”—[FeFe’] (E,). The second reduction peak
of 5 is not accessible within the solvent window in Figure 2b.
The first reduction peak of 5 shifts to a more negative po-
tential by 140 mV (peak 2’ in Figure 2b) compared with the
corresponding one of 4 (peak 2 in Figure 2a). A comparison
of the reduction potentials of 4 and 5 shows that complex 4
is more readily reduced, suggesting that the different elec-
tronic effects of the NO, and NH, groups of the benzene
ring result in somewhat different electron density at the iron
core of 4 and S. This is also shown by the reduction poten-
tial (cathodic peak potential, —1.44 V vs. Ag/AgNO;) of the
corresponding bromo-substituted complex 6.5 Interestingly
the reduction potentials of 4 and 5 are less negative than
that for the PDT-bridged all-carbonyl diiron complex (see
Table 3), which indicates that ADT-bridged model com-
plexes are in general more easily reduced than the PDT-
bridged analogues.

The behavior of catalytic proton reduction by 4 was stud-
ied by cyclic voltammograms in the presence of a weak acid,
HOAc (0-10 mmol) in CH;CN (Figure 3). The current in-
tensity of the first reduction peak at —1.34 V for 4 apparent-
ly increased with an anodic shift by 60 mV as 2 mmol of
HOAc was added, and the current intensity of it did not
grow up further with sequential increments of the acid con-
centration. A sharp increase in the current height of the ini-
tial second reduction peak at —1.71 V for 4 with an obvious
anodic shift by 230 mV was observed as 2 mmol of HOAc
was added. The height of the second reduction peak of 4
continuously grew with increased acid concentration, which
is a characteristic of an electrochemical catalytic process.
The quasi-reversibility of both reduction peaks of 4 disap-
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Figure 3. Cyclic voltammogram of 4 (1.0 mmol) with HOAc (0-10 mmol).

peared upon the addition of HOAc. A noteworthy point in
the cyclic voltammograms of 4 with variable amount of
HOAC is that the reduction peaks obviously move to more
positive potentials in the presence of 2 equiv HOAc. In con-
trast, the carbon chain-bridged all-carbonyl diiron com-
plexes did not show any anodic shift of the reduction poten-
tials in the presence of a proton acid.’**”! The distinctly dif-
ferent electrochemical behavior of the ADT-bridged diiron
complex 4 from carbon chain-bridged all-carbonyl diiron
complexes is undoubtedly caused by the introduction of the
nitrogen atom to the bridge, which can be protonated in the
presence of a proton acid. The cyclic voltammograms of 4
suggest a CECE (chemical-electrochemical-chemical-elec-
trochemical) mechanism for the electrochemical catalysis of
proton reduction by the ADT-bridged all-carbonyl Fe'Fe'
model complex 4 (Scheme 2), which is different from the

[(FeFe)(N)] L»[(Fe‘Fe‘) NH)
Hy
o
e
[(HFe"Fe'}(NH)]* L[(Fe(’Fe‘)(NH)]

Scheme 2. A plausible CECE mechanism for electrocatalytic proton re-
duction by 4 in the presence of HOAc.

EECC (electrochemical-electrochemical-chemical-chemical)
process supposed for the carbon chain-bridged all-carbonyl
Fe'Fe' models.”” In the presence of HOAc, complex 4 is in-
stantly protonated on the bridged-N atom to form [(Fe
Fe')(NH)]* (4H'), resulting in an anodic shift of the reduc-
tion potential. The [(Fe’Fe')(NH)] species, consequently de-
rived from electrochemical reduction of [4H], is further
protonated on the electron-enriched iron core to generate
an [(HFe"Fe')(NH)]" intermediate, which can evolve H,
with a second one-electron reduction of [(Fe"Fe')(N)]* to
[(Fe'Fe')(N)] species to fulfill the catalytic cycle.

Conclusion

Nitro- and amino-functionalized diiron azadithiolate com-
plexes [{(1-SCH,),N(4-NO,CH,)}Fe,(CO)e] (4) and [{(p-
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SCH,),N(4-NH,C¢H,)}Fe,(CO)4] (5) were synthesized as bi-
omimetic models of the diiron subsite of H-cluster. The NO,
group of 4 can be effectively reduced to the NH, group by
Pd-C/H, under mild conditions without affecting the frame-
work of 4, while it was decomposed on reduction by Sn/HCI
in a hot acidic aqueous solution. Spectroscopic and electro-
chemical analyses of 4 and 5 indicate that the substituent of
an aromatic ring on the bridging-N atom does have an ob-
servable influence on the electronic properties of the iron
core and carbonyl ligands. A CECE mechanism is tentative-
ly proposed for the electrochemical catalysis of proton re-
duction in the presence of HOAc. This is based on the cyclic
voltammograms of 4 and is in contrast to the EECC process
suggested for carbon chain-bridged all-carbonyl Fe'Fe'
model complexes. It gives a hint that introduction of a nitro-
gen atom to the bridge may change the electrocatalytic
processes of diiron models. In order to investigate electron-
transfer and proton-reduction processes, we are trying to
construct supramolecular systems by connecting the amino
group of 5§ with various redox active species.

Experimental Section

Reagents and instruments: All reactions and operations related to orga-
nometallic complexes were carried out under a dry, oxygen-free dinitro-
gen atmosphere with standard Schlenk techniques. All solvents were
dried and distilled prior to use according to the standard methods. Com-
mercially available chemicals, paraformaldehyde, 4-nitroaniline, p-
C¢H,(NH,), and [Fe(CO)s] were used without further purification. The
reagent LiEt;BH was purchased from Aldrich. Starting compounds N,N-
bis(chloromethyl)-4-nitroaniline (1), [(u-S),Fe,(CO)s] and [(u-LiS),Fe,-
(CO)s] (2) were prepared according to the literature procedures.['!3>%!
Lithium salt 2 was used in situ immediately for the further reaction.

IR spectra were recorded on a JASCO FT/IR 430 spectrophotometer.
Proton and “C NMR spectra were collected on a Varian INOVA
400NMR spectrometer. Mass spectra were recorded on an HP1100 MSD
instrument. Elemental analyses were performed on a CARLO ERBA
MOD-1106 elemental analyzer.

Synthesis of [{(n-SCH,),N(4-NO,C.H,)}Fe,(CO)¢] (4): A solution of 4-
NO,CH,N(CH,CI), (1.00 g, 4.3 mmol) in THF (5mL) was added to a
THF solution (20mL) of 2 at —78°C, freshly derived from [(u-
S),Fe,(CO)s] (1.00 g, 2.9 mmol) and LiEt;BH (1M in THF, 6.0 mL,
6.0 mmol). The mixture was stirred for 2 h at —78°C and the solution
turned dark red from dark emerald green. After filtration, solvent was
removed from the filtrate on a rotary evaporator. The crude product was
purified by column chromatography with silica gel by using CH,CL/Et;N
(100:0.3) as eluent to give complex 4 as a dark red solid (1.35 g, 91%).
Recrystallization in CH,Cl,/pentane afforded crystals of 4 suitable for X-
ray crystallography study. '"H NMR (CDCly): 6=8.22 (d, 2H), 7.26 (d,
2H), 4.33 (s, 4H); "C NMR (CDCly): 6=206.53, 149.32, 140.10, 126.39,
114.28, 49.36; IR (CH,Cl,): #=2077 (m), 2040 (s)/2003 (vs) (CO), 1520
(m)/1325 cm™" (m) (NO,); MS (API-ES): m/z: 531 [M+Na*]; elemental
analysis caled (%) for C,,HgN,O4S,Fe, (508.04): C 33.10, H 1.59, N 5.51;
found: C 32.97, H 1.61, N 5.48.

Synthesis of [{(n-SCH,),N(4-NH,C¢H,)}Fe,(CO);] (5)

Method A: A methanol solution (40 mL) of complex 4 (200 mg,
0.39 mmol) and the catalyst Pd/C powder (10 %, 180 mg) was added to a
75 mL stainless steel autoclave equipped with a magnetic bar. The auto-
clave was charged with 0.4 MPa of H,. After the mixture was stirred at
30°C for 6h, the hydrogen pressure of the autoclave went down to
0.2 MPa and the autoclave was recharged to 0.4 MPa. After stirred for
18 h, the solution was dried with anhydrous Na,SO, (5 g), then filtered
and concentrated in vacuo to give a dark purple solid, which was purified
by column chromatography with silica gel using CH,Cl, as eluent. Com-
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plex 5 was obtained in a yield of 67% (0.13 g). '"H NMR (CDCl,): 6=
6.63 (brs, 4H), 4.20 (s, 4H), 3.42 (s, 2H); C NMR (CDCl;): 6=207.22,
140.40, 138.21, 118.45, 116.77, 50.94; IR (CH,CL,): #=2073 (m), 2034 (s)/
1998 (vs) (CO), 3372 cm™" (w) (NH,); MS (API-ES): m/z: 479 [M+H]*;
elemental analysis calcd (%) for C,;H,,N,O4S,Fe, (478.06): C 35.17, H
2.11, N 5.86; found: C 35.53, H 2.05, N 5.67.

Method B: A mixture of paraformaldehyde (0.6 g, 20 mmol) and p-phe-
nylenediamine (1.08 g, 10 mmol) in THF (20 mL) was stirred for 6 h. A
solution of [(u-SH),Fe,(CO),] (0.2 g, 0.57 mmol) in THF (20 mL) was
then added to the above suspension. After stirred for 8 h, a dark solution
was obtained and filtrated. Solvent was removed from the filtrate in
vacuo to afford a dark purple solid. The crude product was purified by
column chromatography with CH,CI, as eluent to give complex 5 as a
purple crystalline solid (54 mg, 20 %).

X-ray crystal structure determination of 4: A dark red crystal with ap-
proximate dimensions of 0.40x0.30x0.30 mm was mounted in air. Dif-
fraction measurements were made on a Siemens SMART CCD diffrac-
tometer using graphite monochromated Moy, radiation (A=0.71073 A).
Complete crystal data and parameters for data collection and refinement
are listed in Table 4. Data processing was accomplished with the SAINT
processing program.”” Intensity data were corrected for absorption with
empirical methods. The structure was solved by direct methods and re-
fined by full-matrix least-squares techniques on F? by using the
SHELXTL crystallographic software package.’® All hydrogen atoms
were located by difference maps and their positions were refined isotrop-
ically. All non-hydrogen atoms were refined anisotropically.

Table 4. X-ray Crystallographic data for 4.

formula C,HgN,OgFe,S,
M, 508.04
crystal system triclinic
space group Pi

a[A] 7.935(2)

b [A] 10.646(3)
c[A] 12.142(6)
a[°] 109.771(18)
A1 100.70(3)

v [l 91.87(2)
VA7 943.4(6)

V4 2

Peatca [gm 7] 1.789

T [K] 298

u [mm™] 1.804

F [000] 508

reflns measured 2567

reflns observed [I > 20 (I)] 2559
parameters 253

GOF (on F?) 1.011

R1[I > 20 (I)] 0.03041!
wR2 [I > 20 (I)] 0.07920!
residual electron density [e A~ 0.345, —0.321

[a] RL=(Z||F,| ~| F.|JI(Z| F|). [b] wR2=[w(F 2~ F2PIEw(F2)?]"™.

CCDC-215491 (4) contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge via www.ccdc.ca-
m.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax:
(4+44)1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk).

Electrochemistry: Acetonitrile (Aldrich, spectroscopy grade) used for
performance of electrochemistry was dried with molecular sieve (4) A)
and then freshly distilled from CaH, under N,. A solution of 0.05m
nBu,NPF (Fluka, electrochemical grade) in CH,CN was used as electro-
lyte. Electrochemical measurements were recorded using a BAS-100W
electrochemical potentiostat. The electrolyte solution was degassed by
bubbling with dry argon for 10 min before measurement. Cyclic voltam-
mograms were obtained in a three-electrode cell under argon. The work-
ing electrode was a glassy carbon disc (diameter 3 mm) successively pol-
ished with 3 and 1 um diamond pastes and sonicated in ion-free water for
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10 min. The reference electrode was a non-aqueous Ag/Ag* electrode
(0.01m AgNOj; in CH;CN) and the auxiliary electrode was a platinum
wire.
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