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The five-coordinated iron—thiolate nitrosyl complexes [(NO)Fe(S,S-C¢HsR)z]~ (R = H (1), m-CHs (2)), [(NO)Fe-
(S5,5-CsH2-3,6-Clo)2]~ (3), [(NO)Fe(S,S-CeH3R),)>~ (R = H (10), m-CH; (11)), and [(NO)Fe(S,S-CsH,-3,6-Clo))>~
(12) have been isolated and structurally characterized. Sulfur oxygenation of iron—thiolate nitrosyl complexes 1-3
containing the {Fe(NO)}® core was triggered by O, to yield the S-bonded monosulfinate iron species [(NO)Fe-
(S,S0,-CH3R)(S,S-CeH3R)]™ (R = H (4), m-CH; (5)) and [(NO)Fe(S,SO,-CeH2-3,6-Cl,)(S,S-CgHa-3,6-Cl)]2*~ (6),
respectively. In contrast, attack of O, on the { Fe(NO)}” complex 10 led to the formation of complex 1 accompanied
by the minor products, [Fe(S,S-CeHa)z]2?~ and [NO3]~ (yield 9%). Reduction of complexes 4—6 by [EtS]™ in CHa-
CN-THF yielded [(NO)Fe(S,S0,-CeH3R)(S,S-CeH3R)J>~ (R = H (7), m-CH; (8)) and [(NO)Fe(S,S0,-CqH,-3,6-Cl,)-
(S,S-CsH,-3,6-Clo)]>~ (9) along with (EtS), identified by *H NMR. Compared to complex 10, complexes 7-9 with
the less electron-donating sulfinate ligand coordinated to the { Fe(NO)} core were oxidized by O, to yield complexes
4-6. Obviously, the electronic perturbation of the { Fe(NO)} 7 core caused by the coordinated sulfinate in complexes
7-9 may serve to regulate the reactivity of complexes 7-9 toward O,. The iron—sulfinate nitrosyl species with the
{Fe(NO)} ¥ core exhibit the photolabilization of sulfur-bound [O] moiety. Complexes 1-4-7-10 (or 2-5-8—11 and
3-6-9-12) are interconvertible under sulfur oxygenation, redox processes, and photolysis, respectively.

Introduction consists of a paramagnetic, low-spin Fe(lll) center coordi-
Mononuclear non-heme iron centers are present in the Nated by two deprotonated carboxamido nitrogens from the

catalytic cycle of a number of proteins involved in oxygen peptide bgckbone, three facial cysteine sulfurs,'and a'water
activation®2 Nitrile hydratase (NHase) is a metalloenzyme OF hydroxide moleculé.The X-ray crystallographic studies
which catalyzes the hydrolysis of nitriles to the corresponding ©" the inactive form of the Fe-NHase froRhodococcus
amides®* Crystallographic studies have shown that the SP-N-771(andRhodococcusp. R312) revealed that the iron
active-site structure of the Fe-NHase (Fe-containing nitrile C€Nter is coordinated by two deprotonated carboxamido
hydratase) active form isolated froBrevibacteriumR312  hitrogens, three Cys-S residues with two of them posttrans-
lationally modified to Cys-sulfinic (Cys-S£ and Cys-
ﬂ’_* To@ whotr;;l gor{;}lspondence should be addressed. E-mail: gylfenic (Cys-SO) groups, and a NO molectl&uch
v ‘Ii‘a[lllvatig::;]n'rslijhz ,ﬂha'umversity_ modified cysteines residues (sulfinate RS@nd sulfenate

¥ National Changhua University of Education. RSO groups) are unprecedent&d.An inactive, NO-bound
§ National Taiwan University.
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form is generated in cells grown in the dark, and the active
form of the Fe-NHase is regenerated with release of NO
molecule upon exposure to light. Interestingly, recent

studies demonstrated that atmospheric oxygen activates the

reconstituted nitrile hydratase through specific modifications
of Cys112 and Cys114 to Cys-@and Cys-SOH, respec-
tively, and Cys112-S@H is responsible for the catalytic
activity solely or in combination with Cys114-SCGHThe
role/function of the NO ligand, NO binding to the iron active
site before or after Cys-S oxygenation, the oxidant(s)
responsible for the posttranslational modifications of the
bound Cys-S donors at the active site of the enzyme, the
function and biogenic mechanism of these modified cysteine-
sulfinic and -sulfenic groups, and the reason(s) for the
asymmetric oxygenation of the two Cys-S ligands are the
principal questions to be raised in the chemistry of Fe-
NHaset? 12

Some ironr-thiolate nitrosyl model compounds have been
reported recently by Kovacs et &.Mascharak et allap
and Artaud et al'® respectively. In one interesting model
compound the diamagnetic Fe(Hhitrosyl complex [Fe-
SMe2N(Pr,Pr)(NO)T (S,*?N3(Pr,Pr) = 3-methyl-3-mer-
capto-2-butanone) with thig=e(NQO} ¢ core, obtained from
reaction of the paramagnetic [F&SNs(Pr,Pr)I and NO,
displayed antiferromagnetic coupling betweenFd" and
*NO.1°The S-bonded sulfinato iron(lll) complexes [Fe(PyPep-
S0O,),]~ was obtained from sulfur oxygenation of [Fe(PyPep-
S)]~ (PyPepSH= N-2-mercaptophenyl‘zyridinecarnoxa-
mide) by HO,12b In a recent communication, we have
shown that the irornitrosyl complex containing S-bonded
monosulfinate [(NO)Fe(S,SECsH4)(S,S-GHJ)]~ (4) was
isolated from sulfur oxygenation of complex [(NO)Fe(S,S-
CesHas)2]™ (1) (Scheme 1al This result reveals that binding
of NO to the iron center promotes sulfur oxygenation by

dioxygen and stabilizes the S-bonded sulfinate iron species.

Reaction of complex and excess PRlyielded complext
and PRPO (Scheme 1p'® Alternatively, upon photolysis
of CH,CI; solution of complex under N purge at ambient
temperature, the U¥vis and IR spectra consistent with the
formation of complext demonstrate that complexésand

4 are photochemically interconvertible.
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In this paper, studies of the reactivity of tiee(NO}"
(n = 6, 7) iron—thiolate and iror-sulfinate nitrosyl com-
plexes toward @ the influence of sulfinate ligand on Fe
N—O bonding and on the electronic structure of the
{Fe(NO}®" core, and the photochemical interconversion
between iror-thiolate and iror-sulfinate-thiolate nitrosyl
complexes may provide valuable insights into the intercon-
version pathways between the active and inactive NO-bound
forms of Fe-containing nitrile hydratase. Here, the formalism
{M(NO),}¥ (wherey = the number of d-type electrons and
is the conventional number of d-electrons for the metal center
when the NO ligand is considered to be NOnvokes the
Enemark-Feltham notation, which stresses the well-known
covalency and delocalization in the electronically amorphous
M(NO)x unit, i.e., without committing to a formal oxidation
state on M and NG* In addition, this study also details the
effect of S-atom electron density on the sulfur oxygenation
of the similar iror-thiolate—nitrosyl compounds, and the
reactivity of the iron-sulfinate nitrosyl complexes toward
O, is compared with that of the irorthiolate analogues.

Results and Discussion

Sulfur Oxygenation of the { Fe(NO)}® Complexes.As
presented in Scheme 1a, tH&e(NO}® [(NO)Fe(S,S-
CeH3R);]~ (R=H (1), mCHjz (2)) complexes reacted slowly
with molecular oxygen in CkCl; solution at room temper-
ature to yield the corresponding S-bonded monosulfinate

(14) Enemark, J. H.; Feltham, R. @oord. Chem. Re 1974 13, 339.
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iron—nitrosyl complexes [(NO)Fe(S,S@:H3R)(S,S-GHsR)|~

(R =H (4), mCHs (5)) in which the bound thiolato sulfur
is oxygenated to the sulfinato grod&ipt>®The dark purple
solids4 and5 were isolated in 21% and 20% yield after the

mixture solution was separated by silica gel chromatography

with THF and CHCI; as eluant and recrystallized with THF
(or CHsCN) and diethyl ether, respectively.

Upon injection of Q gas into a CHCl, solution of
complex [(NO)Fe(S,S-§H,-3,6-Ch)2] ~ (3), a reaction ensued
over the course of 1 week to give the dimeric [(NO)Fe(S,-
SO,-CeH2-3,6-Ch)(S,S-GH2-3,6-Ch)]>~ (6) identified by
X-ray crystal structure. In comple the sixth site of each
iron is ligated to one of the bound thiolato sulfurs of the
other [(NO)Fe(S,S&CsH.-3,6-Ch)(S,S-GH2-3,6-Ch)] ~ moi-
ety (Scheme 1l1a). The infrared spectrum of compéx

showing strong bands at 1844, 1801 and 1217 m, 1083 m

cm* (KBr) corresponding to the(NO) andv(SO) stretching

frequencies of the S-bonded sulfinate group, respectively.

Formation of complex6 can be interpreted as coordinative
association of two monoanionic [(NO)Fe(S,SQH2-3,6-
Cl)(S,S-GH»-3,6-Chb)] . It may be attributed to the electron
deficiency at the iron center, derived from the existence of
one sulfinate group. In complexds-3, NO bound to an
iron center leading to afiFe(NQO}® system triggers sulfur
oxygenation to yield irorrsulfinate nitrosyl complexe$—6.

To prove that the bound NO is responsible for sulfur
oxygenation, we repeated the reaction of [Fe(S;8453]>~
and [(GHgO)Fe(S,S-@Hz)2]~ with dioxygen in THF, re-
spectively. On the basis of IRSO) spectra for both of the
solution sample and the insoluble solid sample, no-iron

Lee et al.

Figure 1. ORTEP drawing and labeling scheme of compleSelected
bonds (A): Fe-N(1), 1.622(5); Fe-S(1), 2.2019(18); FeS(2), 2.1817-
(18); Fe-S(3), 2.282(2); Fe S(4), 2.2345(18); N(BO(1), 1.162(6); S(4)

0O(2), 1.425(5); S(4y0O(3), 1.385(6). Selected angles (deg): 1 1)—

0O(1), 171.9(5); S(¥yFe—S(3), 150.45(8); S(2)Fe—S(4), 152.25(7); S(2)

Fe—S(1), 88.94(6); S(3yFe—S(4), 85.51(7); N(1}yFe—S(1), 109.39(18);
N(1)—-Fe-S(2), 105.9(2); N(1}Fe-S(3), 100.02(18); N(HFe-S(4),

101.53(19).

Figure 2. ORTEP drawing and labeling scheme of compeSelected
bonds (A): Fe(1¥N(1), 1.651(2); Fe(1S(1), 2.2986(8); Fe(BS(3),
2.2941(8); Fe(1yS(2), 2.2829(8); Fe(1)S(4), 2.2506(9); N(10O(1),
1.154(3). Selected angle (deg): -A€(1)—0O(1), 177.1(2).

sulfinate compounds were generated after the reactionuv—vis spectra of complexed—6 exhibit an intense

solution was stirred in THF/CHEI, for 6 days; instead, an
insoluble yellow solid occurred. The insoluble solid (in £H
CN/CH;OH) has not been characterized at this time. How-
ever, we cannot unambiguously rule out the possibility of
formation of sulfinate/sulfenate species instead of iron
sulfinate complexes.

absorption around 980 nm with extinction coefficient
4000 L mol?* cm™* which is ascribed to the intervalence
transition M(L)(Le) <= M(Le)(L) (L = 1,2-benzenedithiolate
and Le = 1,2-benzenedithiolate radical monoanion) in the
near-infrared and display frequencies around 1035'dm
the infrared (KBr) indicating the presence of one)(tadical,

O-atom transfer has been observed in the presence ef PPhas elucidated by Wieghardt and co-work&r&resumably,

from the sulfenate group in the Ni compl&Conversion
of complex6 to 3 was displayed when CGi&l, solution (3
mL) of complex 6 (0.1 mM) and PPh (1 mM) was
photolyzed under Npurge at ambient temperature for 20
min (Scheme 1% the shift in electronic absorptions at 528

the less electron-donating sulfinate ligand coordinated to the
{Fe(NO} core of complexed—6 triggers the intramolecular
electron transfer from the “redox-noninnocent” dithiophen-
olato(2-) to the{Fe(NO} core to stabilize complexes-6.2°

On the basis of UV+vis spectral, electron spin resonance,

and 974 nm to 500 and 1248 nm is accompanied by a color X-ray structural, and magnetic data, the electronic structures

change from purple to dark reddish brown which is in accord
with the formation of comple:3.

The magnetic measurements and the NMR spectra
confirm complexesl—3 are diamagnetic speciésAlso,
diamagnetism of complexes-6 is confirmed by the EPR
silence, the!H NMR spectra, and the magnetic measure-
ments. As can be inferred from the reported dé&t# the

of the{Fe(NO} cores of complexe4—6 are best described
as a{Fe(NO")}” (a  FE(NO™) core coordinated by one
[S,SQ-CsH3R]? ligand as well as one dithio-semibenzo-
quinone(-) radical)?®

X-ray crystal structures of complexésnd6 are depicted
in Figures 1 and 2, respectively, and selected bond dimen-
sions for both complexes are presented in the figure captions.

(15) Grapperhaus, C. A.; Darensbourg, M. Atc. Chem. Re4998 31,
451.

(16) Kumar, M.; Colpas, G. J.; Day, R. O.; Maroney, MJJAm. Chem.
Soc 1989 111, 8323.

(17) Farmer, P. J.; Verpeaux, J.-N.; Amatore, C.; Darensbourg, M. Y.;
Musie, G.J. Am. Chem. Sod 994 116, 9355.
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Table 1. Selected Infrared Data for Complex#s 12 and Fe-NHasg

compds vno (cm™1, KBr) vso(cm1, KBr)

1 1776
2 1763
3 1796
4 1779 1196, 1060
5 1761 1202, 1057
6 1844 (m), 1801 (s) 1217, 1083

7 1636 1160, 1020

8 1648 1146, 1022 Figure 3. ORTEP drawing and labeling scheme of comp8Selected
9 1661 1156, 1035 bonds (A): Fe-N(1), 1.659(6); Fe-S(1), 2.241(2); FeS(2), 2.259(2); Fe
10 1605 S(3), 2.278(2); FeS(4), 2.249(2); N(1¥O(1), 1.158(7) A. Selected angles
1 1606 (deg): Fe-N(1)—O(1), 171.6(6); S(1yFe—S(3), 144.04(9); S(4)Fe—S(2),
12 1615 158.35(9); S(1)yFe—S(2), 88.24(8); S(3yFe—S(4), 86.66(7); N(1)Fe—
EFe-NHase 1858 S(1), 108.1(2); N(1yFe—S(2), 102.9(2); N(1)yFe—S(3), 107.9(2); N(1)

Fe-S(4), 98.7(2).
aMeasured in phosphate buffer (p# 7.5)12

Geometry of the iron center in compldxis best described compensation from the “redox-noninnocent” dithiophenolate-

as a distorted trigonal bipyramidal coordination environment (27) igand to the{Fe(NO} " core any more. These results
with NO and sulfinate groups occupying equatorial and axial Ndicate that electronic structure of thee(NO} * core may
positions, respectiveli?.In comparison, the geometry ofiron ~ €XiSt as a low-spin dFe(ll) (S = 0) coordinated by N©
center in comple is a distorted geometry midway between adical & = 1/2) to produce the total spin state of 1/2, i.e.,

tetragonal pyramid and trigonal bipyramid, whereas the the{Fe(NO}’ 7—9having a low-spin &iFe(l)—NO. radical
distorted octahedral structure is adopted in compiex electronic configuration in a distorted square pyramidal

Presumably, the lengthening in average—Rg¢O) bond ligand field'® even although that the intermediate-spirt Fe
lengths (1.599(2) vs 1.629(3) A s 4), 1.606(3) vs 1.622(5) (S= 3/2) antiferromagnetically c_oupled to coordinated triplet
A (2 vs5), and 1.596(3) vs 1.651(2) A8Ws 6)) are caused ~ NO (S= 1) cannot be unambiguously ruled oit*

by electronic perturbations from sulfur oxygenation and the ~ Figure 3 displays the thermal ellipsoid plot of the dianionic
induced intramolecular electron transfer from the coordinated COMPlex8, and selected bond distances and angles are given
dithiophenolato(2) ligand to the{ Fe(NO} core. Consistent 1N the figure captions. Analysis of the bond angles for
with other published transition-metal sulfinate compleXes, Ccomplexes/—9 reveals that coordination geometry of the

the S-O bond lengths average ca. 1.405(6) and 1.455(2) A iron center is best described as a distorted square pyramid
in complexess and 6, respectively. with a bent apical NO, and the iron atom is displaced from

Reduction of Complexes 46. When CHCN—THF the mean four sulfur atom plane (0.5382 vs 0.5462 Adfor
solutions of complexed—6, respectively, were treated with VS 7» 0-5492 vs 0.5590 A fob vs 8, and 0.4947 vs 0.5168
1 equiv of [RSF (R = Et, 0-CeHs-NH,), a pronounced A for 6 vs 9). In contrast to the linear FeN—O bonds of
change in color of the solution from dark purple to dark green cOMplexes4—6, the slightly bent FEN—O bonds with
accompanied by the dark yellow green precipitate was angles of 156.8(9), 168.0(7), and 166.0(&)r c?mplexe75
observed at ambient temperature. Instead of the direct’ 9 respectively, also support the presencefed!(sNO)}
nucleophilic attack of [SEt] on the coordinated NO electronic configuratio®® Geometry around the Fe center

yielding EtSNO and [Fe(S,SECsHsR)(S,S-GH3R)2, responding rapidly to the electronic change of {fe(NO}
UV—vis, IR spectra, and X-ray diffraction studies confirmed COreé may be rationalized according to the studies on the
the formation of the dianionic, mononucleaFe(NO}’ qualitative MO energy level orderings for the five-coordi-
[((NO)Fe(S,SGCsHsR)(S,S-GHaR)Z (R = H (7), m-CHs nated{ Fe(NO}®" metat-nitrosyl complexesd? Computa-

(8)) and [(NO)Fe(S,S®CsH2-3,6-Ch)(S,S-GHz-3,6-Ch)]> tional studies have suggested that geometrical change from

(9) accompanied by a byproduct of (SEkentified byH square pyramidal with Iinea_lr apical NO to square pyr_amidal
NMR (Scheme 1b). The infrared spectra show bands at 1636With bent apical NO or trigonal bipyramidal with linear
and 1160, 1020 cr (KBr) (7) (1648 and 1146, 1022 cth equatorial NO may occur for a five-coordinated metal
(KBr) (8); 1661 and 1156, 1035 crh(KBr) (9)) (Table 1) nitrosyl cgmplex up0n7t[19e electronic changes going from
corresponding to the(NO) andy(SO) stretching frequencies 1 Fe(NO}® to {Fe(NO} ", Compartgd to comple>§e$—6,

of the S-bonded sulfinate group, respectivélthe lower  the electronic effect (fron{Fe(NO}° to {Fe(NO} ") may
energyv(NO) bands of complexeg—9 shifted by ~140 explain the observed lengthening of the average N{©)
cm1 from those of complexe$—6 also imply the reduction ~ Pond lengths (averag(le81.6341—(6) vs average 1.672 A7
process occurred in t{&e(NO} core. The proton chemical ~ 9) in complexes7—9.2° As shown in Table 2, the NO
shifts of 1,2-benzenedithiolate ligands of complexes9 bond lengths of 1.149(10) and 1.158(7) A in compleges
were not observed in NMR spectra at room temperature. The@nd 9, respectively, are comparable to the-® bond
effective magnetic moment was 1.76 and 185 for distance of 1.154 A in freeNO but far from that of 1.26 A

. . . i — 21
complexes and9, respectively. No optical evidence (based 'N NO™.
on the UV~vis spectrum) for the presence of [S,gHR]*~ 1) (@) TalletBilly, D.: Fiquet Fayard, F. Phys. Cheal990 54, 3450
- . : a) Teillet-Billy, D.; Fiquet-Fayard, K. Phys. Cher ; .
was .observed. It is bellgved that relief of.the electrorl (b) Wong, M. W.. Nobes, R. H.. Bouma, W. J.: Radom, Them.
deficiency due to reduction does not require electronic Phys 1989 91, 2971.

Inorganic Chemistry, Vol. 44, No. 19, 2005 6673



Table 2. Selected Bond Distances (A) and Angles (deg) for Complexes
1-12

compds Fe-N N—-O SO —Fe-N-0O
1 1.599(2) 1.66(3) 176.2(3)
2 1.606(3) 1.182(4) 176.0(3)
3 1.596(3) 1.163(4) 177.6(3)
4 1.629(3) 1.169(4) 1.469(2), 1.459(2) 171.0(3)
5 1.622(5) 1.162(6) 1.425(5), 1.385(6) 171.9(5)
6 1.651(2) 1.154(3) 1.443(2), 1.466(2) 177.1(2)
72 1.779(9)  1.002(9) 1.429(8), 1.394(8) 156.8(8)
8 1.659(6) 1.158(7) 1.460(5), 1.501(5) 168.0(17)
9 1.684(8) 1.149(10) 1.462(9), 1.48(1) 166.0(8)
1 1.712(6) 1.08(1) 160.5(6)
11 1.692(3) 1.193(4) 151.8(3)
12 1.702(5) 1.186(6) 153.4(4)

aThe atoms Fe(1), N(1), O(1), O(2), and O(3)7iland Fe(1), N(1), and
O(21) in 10 are structurally disordered at two equal occupancy locations.

Reduction of Complexes 3. To follow up on our earlier
communication with a more complete understanding of the
reactivity of the{Fe(NO}" (n = 6, 7) nitrosylated iror
thiolates toward oxygen and their relevance as a model of
oxygen binding to sulfur in the Fe-containing nitrile hydratase
active site'® the [(NO)Fe(S,S-6HsR),J]>™ (R = H (10),
m-CHjz (112)) and [(NO)Fe(S,S-6H,-3,6-Ch)2]?>~ (12) com-
plexes with thg Fe(NO} 7 electronic core were synthesized
by addition of [SEt] to complexesl—3, respectively, in

THF at ambient temperature (Scheme 1c). The most note-

worthy characteristic of reduction of complexes3 is the

disappearance of a low-energy absorption band at 1304 nm

(2) (1300 nm ), 1248 nm B)) with concomitant formation
of a 684 nm absorption band@ (684 nm (1), 670 nm
(12)). Thev(NO) stretching frequencies of complexed—
12 (1605 (L0), 1606 (1), and 1615 12) cm™* (KBr)) fall
into the range (162061675 cm?) observed for five-
coordinated iror-nitrosyl complexes having tHg=e(NO}’
configuration with S = 1/2 ground statéé The proton
chemical shift of 1,2-benzenedithiolate ligands of complexes
10—12 was not observed in the NMR spectra at ambient
temperature. The effective magnetic moment is 2.2 and 2.1
ug for complexeslO and12, respectively. Electrochemistry
of complex12 (2.5 mM), measured in C}N with 0.1 M
[n-BusN][PFg] as supporting electrolyte (scan rate 100 mV/
S), reveals one reversible oxidatioreduction process at
—0.554 V E12 vs Ag/AgNG;), as compared te-0.365 V
for complex9 (2.5 mM) (Figure 4).

The X-ray crystal structure of compléx is displayed in

Lee et al.

(b)

-0.4
\%
Figure 4. Cyclic voltammograms (at 100 mV/s) of (a) compl&g (one
reversible redox process a0.554 V Ei/2 vs Ag/AgNGs)) and (b) complex
9 (one reversible redox process-ad.365 V Ei/2 vs AG/AgNQ;)) in CHs-
CN solution with 0.1 M p-BusN][PFe] as supporting electrolyte at 2%&.

0.0 -0.2 -0.6 -0.8

Figure 5. ORTEP drawing and labeling scheme of compl&x Selected
bonds (A): Fe-N(1), 1.702(5); Fe-S(av), 2.2527(16); N(HO(1), 1.186(6).
Selected angles (deg): +8I(1)—0(1), 153.4(4); S(IyFe—S(4), 144.42(6);
S(2)-Fe—S(3), 158.08(6); S(2yFe—S(1), 88.09(6); S(3yFe—S(4), 87.58-
(5); N(1)—Fe—S(1), 106.48(16); N(tyFe—S(2), 96.47(16); N(yFe—S(3),
105.45(16); N(1)yFe—S(4), 108.99(16).

deficiency from reduction in combination with the less
electron-donating sulfinate ifFe(NO}’ complexes8 and

9 may explain the observed shortening of the average Fe
N(O) bond lengths from complexdd and12to complexes

8 and9 (the average FeN(O) bond length of 1.697(5) A in
complexesll and12 vs the average FeN(O) bond length
of 1.672(8) A in complexe8 and9). It is also noticed that

Figure 5, and selected bond distances and angles arehe N-O bond lengths of 1.193(4) and 1.186(6) A in

presented in the figure captions. The-#¢—0 bond angles

of 160.5(6), 151.8(3), and 153.4{4fpor complexesl0—12
are similar to those of their five-coordinated analogues,
averaging 169 in {Fe(NO}’ species containing the J5
donor atom set The changes in FeN—O bond angle from
the bent form (151.8(3) and 153.4{4pr complexesl1 and

12, respectively) to the less bent form (168.0(7) and 166°0(8)
for complexes and9, respectively) are, presumably, caused
by electronic perturbation from sulfur oxygenation (Table
2). In contrast to the lengthening of the average-R¢O)
bond length caused by sulfur oxygenation accompanied by
the induced electron-transfer from dithiophenolaté(® the
{Fe(NO} core in complexed—6, the relief of the electron
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complexesll and 12, longer than those of 1.158(7) and
1.149(10) A in complexes$ and 9, are nearly midway
between the NO bond distance of 1.154 A in fre®O
and 1.26 A in NO (Table 2)2* Therefore, the electronic
structures of thg Fe(NO}’ core of complexe40—-12 are
best described in terms of havifie'(eNO)} 7 (a low-spin

d® Fe' (S= 0) coordinated by N®(S = 1/2) radical in a
distorted square pyramidal ligand field) or the having
presence of a resonance hybrid pF€e'(eNO)}’ and
{Fe"(NO™)}.728.19

Photochemical Studies of thef Fe(NO)} ¢7 Complexes.
NO release upon photolysis has been observed if Fee
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Figure 6. Conversion of complex (0.1 mM in CHCN solution) to10
monitored by UV~vis spectrometry under irradiation (Hg lamigax =
366 nm). The absorption band at 684 nhd)(increases with decrease of
the band at 641 nm7}, and an isosbestic point was observed.

(NO)}é complexeg? The absorption band (497 nm fdr
500 nm for2 and3) decays after irradiation (Hg lamfinax

= 366 nm) of CHCI, (THF) solution of complexed—3
(0.1 mM) for 30 min and yields an insoluble, uncharacterized
yellow solid. In contrast to photolability of NO (decomposi-
tion) in complexesl—3, irradiation of CHCN solution of
complexesl0—12 did not cause dissociation of the bound
NO. Photolysis (Hg lamp|max = 417 nm) of a CHCI,
solution of complex yielded complext with Kops = 4.8 x
104 st (25 & 2 °C), compared to photolysis of GAI,
solution of complexd in the presence of triphenylphosphine
(1200-fold) with kops = 6.3 x 1074 st (25 £ 2 °C).
Obviously, the presence of triphenylphosphine in the pho-
tochemical removal of oxygen of compléxdid not greatly

accelerate the rate of the deoxygenation reaction. The

dianionic S-bonded monosulfinate complexés9 also
undergo oxygen transfer reaction in ¢EN solution with 2
equiv of PPh over the course of 4 days to yield complexes
10—12, respectively, and triphenylphosphine oxide identified
by 3P NMR spectroscopy. In addition, the transformation
of complexesr—9 to complexesl0—12 was also displayed
when CHCN solutions of complexes—9 were photolyzed

under N purge at ambient temperature (Scheme 1d). The

guantitative conversion of compleX to 10 was also
monitored by UV~vis spectrometry under irradiation (Hg
lamp, Imax= 366 nm); the band at 641 nm (compléx(630
nm, complex9) disappeared accompanied by the simulta-

neous formation of one intense absorption band at 684 nm

(complex10) (670 nm, complexi2) and the color changed

from dark green to brown yellow. The isosbestic point was ;
observed in successive optical spectra, as shown in Figurd"d the {Fe(NO}

6. During this transformation, no product with NO dissocia-
tion was detected spectrally. In contrast to compleke§

Scheme 2
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to the photochemically inefFe(NO}’ electronic coré?
These results demonstrated that the [O] atoms of the
coordinated-sulfinate ligand are photolabile in bdthe-
(NO)}8 and{Fe(NQO} " iron—nitrosyl—sulfinate complexes
under irradiatiort?

Oxidation of the {Fe(NO)}” Complexes.When a CH-
CN solution of complexe$0/12 was stirred with 1 equiv of
dioxygen under controlled conditions at room temperature,
a pronounced color change from dark green to dark red
brown occurred. The UVvis, IR, and X-ray diffraction
studies confirmed the formation of complex&8 (major
product) accompanied by byproducts [NJOand the dimeric
[Fe(S,S-GH3zR),]2?>~ (minor product) (Scheme 2). Reactions
carried out by using®0, demonstrate that Qs the source
of the [NG;] . The infrared spectrum displaygo vibrational
bands at 1363 and 1374 ci(KBr), shifting from 1384 cm?
(KBr), in the isotopic labeling experiments. It has been shown
that nitrosyl heme iron enzymes (nitrosylhnemoglobin and
nitrosylmyoglobin) oxidized to metHb and deoxyMb by O
generate nitrate in viv&#2°The influence of the electronic
structure of thegl Fe(NO}®7 core on the chemical features
of complexes1—3 vs 10-12 is clearly reflected in the
oxygen reaction: complexe$—3 with {Fe(NO}® core
promote electrophilic attack of fn sulfur and Q@activation
to yield the S-bonded monosulfinate ironitrosyl species
(complexegt—6), whereas an attack of@n the{ Fe(NO}’
complexeslO—12 lead to the formation of complexds-3
(yield 84% for10, 72% for12) and the minor products [Fe-
(S,S5-GH3R)2)22~ and [NG)] ™~ (yield 9% for10, 11% for12).
Thus, the electronic structure of thEe(NO} " center appears
crucial for promoting oxygenation at either the sulfur or the
NO site.

In contrast to the electrophilic attack of,@n «NO of
complexesl/12, the direct conversion of complex&s-9
to complexesl—6 was observed when GEBN solutions of
complexes—9 were treated with @at ambient temperature.
Obviously, these irortsulfinate nitrosyl complexes contain-
core undergo a reversible one-electron
redox process (Scheme "Lb Consistent with complex
[(C4sHgO)Fe(S,S-GHa)z]~, complex [Fe(S,S-6H,),]> does

possessing photolabile [O] atoms of the sulfinate ligand and not initiate Q activation to yield iror-sulfinate/~sulfenate

the photolabile NO, the direct transformation of complexes
7—9to 10—12, respectively, under irradiation was ascribed

(22) (a) Patra, A. K.; Afshar, R.; Olmstead, M. M.; Mascharak, PAKgew.
Chem., Int. Ed2002 41, 2512. (b) Afshar, R. K.; Patra, A. K.;
Olmstead, M. O.; Mascharak, P. korg. Chem 2004 43, 5736.

(23) (a) Herold, S.; Rek, G. Biochemistry2005 44, ASAP. (b) Bruun-
Jensen, L.; Skibsted, L. HMeat Sci 1996 44, 145. (c) Clarkson, S.
G.; Basolo, Flnorg. Chem1973 12, 1528. (d) Ford, P. C.; Lorkovic,
I. M. Chem. Re. 2002 102, 993. (e) Trogler, W. C.; Marzilli, L. G.
Inorg. Chem.1974 13, 1008. (f) Kubota, M.; Phillips, D. AJ. Am.
Chem. Soc1975 97, 5637.
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compounds identified by IR(SO); instead, a dimeric [Fe-
(S,S-GH4),]2?~ formed after the reaction solution of [Fe-
(S,S5-GH.)2)? and Q was stirred in CHCI, for 1 min.

Conclusion and Comments

Studies on the mononuclear iresulfinate nitrosyl and
iron—thiolate nitrosyl complexes{-12) with the{Fe(NO} %7
core have led to the following results:

(1) Monoanionic complexes—3 with the{Fe(NO}® core
initiate sulfur oxygenation of ironthiolate by molecular
oxygen to yield S-bonded monosulfinate iron complekes
via the proposed intermediate(below), whereas dianionic
complexesl0—12 with the {Fe(NO}’ core triggers, to a
certain extent, the attack of,n theeNO radical of the
[FE'-NO-] core yielding complexed—3 accompanied by
the minor products [Ng)~ and [Fe(S,S-6H3R),],>~ via the
proposed intermediat® (below)23cf In the studies of
reaction of dioxygen and nitrosyl @eSchiff base com-
plexes, coordination of dioxygen to the N atom of the NO

group is the rate-determining step, leading to an intermediate

{CA'N(O)(171-O,)} 2% The proposed species, CON(PHO.),

gains supports from the fact that the reaction rate increase

with increase electron density at the nitrosyl site. One
electron reduction of th¢ Fe(NO}® complexesl—3 in-
creases electron density about tiee(NO} core of the
complexesl0—12. Higher electron density facilitates oxida-
tion of the nitrosyl group in th€ Fe(NO}” complexeslO—

12. It also explains why sulfur oxygenation occurs in the
{Fe(NO}® complexesl—3 instead of the nitrate formation.
To our knowledge, two transition metal nitrato complexes,
nitrato cobaloximé&® and Ir(PPk),(CO)CIX(NGOs),>*" have
been reported.

o .
i —o—,o_l N
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(2) The less electron-donating sulfinate coordinated to the

{Fe(NO}’ core stabilizing the dianionic S-bonded mono-
sulfinate iron specieg—9 was employed to explain that the
NO group of complexe$0—12 are much more @sensitive
than the corresponding complex&s-9. The electronic
perturbation of th¢ Fe(NO} 7 core caused by the coordinated
sulfinate ligand in complexe$—9 serves to regulate the
reactivity of complexe§—9 toward Q. In contrast to the
attack of Q on theeNO radical of the{Fe(NO}’ core of
complex 10 yielding complex1 along with the minor
products [NQ]~ and [Fe(S,S-€H4)2].2~, complexes7—9
with less electron-donating sulfinate ligand coordinated to
iron were oxidized by @to yield complexesi—6, respec-
tively. Presumably, factors contributing to the distinct

Lee et al.

(3) In the{ Fe(NQ} ¢ system, the lengthenings in average
Fe—N(O) bond lengths are caused by sulfur oxygenation
accompanied by the induced electron rearrangement from
dithiophenolato(2) ligand to the{ Fe(NO} core (Table 2).
However, the FeN—O bond angle is not affected by the
sulfur oxygenation. In thFe(NO} 7 system, the shorter Fe
N(O) bond distances are observed as a consequence of
substitution of thiolate ligand by the corresponding S-bonded
sulfinate ligand, as observed in the irethiolate{ Fe(NO}’
complexesll and12 (Fe—N = 1.692(3) A (1), Fe-N =
1.702(5) A (12)) and iron-sulfinate{ Fe(NO}’ complexes
8 and9 (Fe—N = 1.659(6) A 8), Fe—N = 1.684(8) A 9))
(Table 2). The influence of sulfinate ligand on the electronic
environment of thg Fe(NO} 7 core is also reflected in the
change of FeN—O bond angle of complexelsl and12 vs
8 and9 from a bent form (average 152.6{4pr complexes
11 and 12) to a less bent form (average 167.0(17pr
complexes3 and9).

(4) The presence of NO binding to the iron center forming
{ Fe(NO} ¢ iron—thiolate nitrosyl complexes appears crucial
in initiating oxygenation at sulfur and resulting in the

Sthermally stable S-bonded monosulfinate iron species.

(5) The iron-sulfinate nitrosyl species with tHée(NO)¢/”
electronic core exhibit the photolabilization of sulfur-bound
[O] moiety under irradiation, and the sulfinate ligand
coordinated to thg Fe(NO}®7 core does not promote the
photolability of the Fe-NO bond.

(6) X-ray structural data, magnetic measurements showing
diamagnetic properties and EPR silence, and IR and-UV
Vvis spectra suggest that the electronic structures of complexes
4—6 are best described as a [(NfF€(dithio-o-semibenzo-
quinonef) radical)(sulfinate-thiophenolato(2))]~ (C).182°

©)

It has been known that the inactive NO-bound form of
Fe-NHase with the iron center coordinated by two modified
cysteines residues (sulfinate RSCand sulfenate RSO
groups) through sulfur atoms and one NO is generated in
cells grown in the dark and the active form is regenerated
with release of NO and [O] molecules upon exposure to
light.5-8 As shown in Scheme 3, the biomimetic reaction
cycle of complexed—4—7—10 (or complexe®—5—8—-11
and3—6—9—12) may provide some clues to the transforma-

oxidation pathways are attributed to the less electron-donatingtion mechanism between the active form and inactive NO-

sulfinate ligand sufficient to place tH&=e(NO}’ core in a
{Fé'(eNO)}7 condition but insufficient to cause the formation
of a resonance hybrid of tHé=€'(eNO)} 7 and{ Fe"'(NO)}”
states, as implicated in the-ND bond distances of complexes
11and12vs 8 and9.
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bound form of Fe-NHase.

On the basis of this study, we speculate that the intercon-
version between the active and inactive NO-bound forms of
Fe-NHase may involve intramoleculdeeNG ¢ < { FeNG 7
electron-rearrangement procesés.
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Experimental Section

Manipulations, reactions, and transfers were conducted under

nitrogen according to Schlenk techniques or in a glovebox (argon
gas). Solvents were distilled under nitrogen from appropriate drying
agents (diethyl ether from CaHacetonitrile from CaktP,Os;
methylene chloride from f®s; hexane and tetrahydrofuran (THF)
from sodium benzophenone) and stored in driegilled flasks
over 4 A molecular sieves. Nitrogen was purged through these

solvents before use. Solvent was transferred to the reaction vesse

via stainless cannula under positive pressure pfTie reagents
iron pentacarbonyl, 1,2-benzenedithiol, toluene-3,4-dithiol, 3,6-
dichloro-1,2-benzenedithiol, 2-aminobenzenethiol, and bis(triphen-
ylphosphoranylidene)ammonium chloride ([PPN][CI]) were used
as received. [PPN][Ng and [PPN][Fe(COXNO)] were prepared

by published procedurés.Infrared spectra of(NO) andv(SO)
stretching frequencies were recorded on a Perkin-Elmer model

was added to precipitate the dark red solid [PPN][(NO)Fe(S5-C
3,6-Ch),] (3) (0.363 g, 87%}2 Diffusion of hexane into a THF
solution of complexe8 at —15 °C for 4 weeks led to red crystals
suitable for X-ray crystallography. IR(THF): 1802 ug6) cm™™.

IH NMR (CD.Cly): ¢ 7.612-7.637 (m), 7.4184.746 (m), 7.075
(s) ppm. Absorption spectrum (GBI,) [Amax, NM €, M~ cm™Y)]:
324 (26 841), 500 (3957), 1248 (5603). Anal. Calcd fogHG.-
OSIN.P.ClsFe: C, 55.29; H, 3.29; N, 2.69. Found: C, 55.44; H,
$-54; N, 2.80.

Preparation of [PPN][(NO)Fe(S,SQ-CegH3-m-CH3)(S,S-GHs-
m-CH3)] (5) and [PPNL[(NO)Fe(S,SQ-C¢H»-3,6-ChL)(S,S-GH2-
3,6-Ch)]. (6).13 To a THF solution (10 mL) of complex 2 (0.373
g, 0.4 mmol) (complex 3 (0.416 g, 0.4 mmol)) was bubbled dry
O, was bubbled until the mixture solution became purple (1 week)
at room temperature. Hexane (20 mL) was added to precipitate the
purple solid, and then the purple solid was redissolved in@H

spectrum one B spectrophotometer with sealed solution cells (0.1 Purification using silica gel chromatography with @, as the

mm) and KBr windows. UV-vis spectra were recorded on GBC
Cintra 10e and Jasco V-570 spectrometdisNMR spectra were
obtained on a Varian Unity-400 spectrometer. Cyclic voltammo-
grams were obtained from 2.5 mM analyte concentration in-CH
CN using 0.1 M p-BusN][PFg] as a supporting electrolyte.
Potentials were measured at 298 K vs a Ag/AgN®ference
electrode by using a Pt working electrode. Under the conditions
employed, the potential (V) of the ferrocenium/ferrocene couple
was 0.16 (CHCN). Analyses of carbon, hydrogen, and nitrogen
were obtained with a CHN analyzer (Heraeus).

Preparation of [PPN][(NO)Fe(S,S-GH»-3,6-Ch);] (3). A 10
mL volume of air was injected into the THF solution (10 mL)
containing [PPN][Fe(CQJNO)] (0.4 mmol, 0.283 g) and 3,6-
dichloro-1,2-benzenedithiol (0.8 mmol, 0.169 g) at ambient tem-
perature. After the mixture solution was stirred for 3 days, the
reaction solution was filtered through Celite and 20 mL hexane

(24) (a) Hedberg, L.; Hedberg, K.; Satija, S. K.; Swanson, Bnarg.
Chem 1985 24, 2766. (b) Albano, V. G.; Araneo, A.; Bellon, P. L;
Ciani, G.; Manassero, Ml. Organomet. Chenml974 67, 413.

eluent first gave a trace of yellow-green band, and a reddish brown
band collected that was identified as the unreacted compl8x 2 (
The eluent was then changed to THF and the purple product eluted
from the column. The purple solution was reduced in volume under
vacuum, and hexane was added to precipitate the purple solid [PPN]-
[(NO)Fe(S,SG-CsHz-m-CH3)(S,S-GHsz-m-CH)] (5) (0.078 g, 20%)
([PPNL[(NO)Fe(S,SQ-C¢H2-3,6-Ch)(S,S-GH2-3,6-Ch)]» (6) (0.077

g, 18%)). Recrystallization by diffusion of diethyl ether into a
concentrated THF solution of complex 5 (GEN solution of
complex 6) at—15 °C for 4 weeks afforded the purple crystals
suitable for X-ray diffraction analysis. Complé&x IR 1786 (no)

cm™! (THF), 1761 ¢no), 1202, 1057 ¢so) (KBr) cm™1; 1H NMR
(CD.Cly) 6 7.95 (d), 7.89 (s), 7.50 (d), 7.11 (d), 7.00 (d), 6.86 (d),
2.38 (s), 2.29 (d) (S,S+¢Els-m-CHs, S,S(0)-CsHs-m-CHg) ppm;
absorption spectrum (THFLfa% NM (€, M~ cm~1)] 315 (25 868),

535 (3809), 995 (3615). Complek IR 1803 /no) cmt (THF),
1844, 1801 %no), 1217, 1083 %s0) (KBr) cm~1; *H NMR (CDCls)

0 7.227 (d), 7.015 (d), 6.995 (d) (S,S#5-Cl,, S,S(0)-CeH4-Cly)

ppm; absorption spectrum (GEI,) [Amax M €, M~ cm™1)] 316
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(43 991), 528 (8109), 974 (6756). Anal. Calcd fal@sgOsN4PsSs-
ClgFe: C, 53.65; H, 3.19; N, 2.61. Found: C, 53.83; H, 3.61; N,
2.62.

Preparation of [PPN],[(NO)Fe(S,SQ-CsH3R)(S,S-GH3R)] (R
= H (7), m-CH3 (8)) and [PPNL[(NO)Fe(S,SQ-CgH»-3,6-Cl)-
(S,S-GH2-3,6-Ch)] (9).23 To a Schlenk tube containing [PPN][S,-
NH>-CeH4] (0.133 g, 0.2 mmol) was added the THF solution (7
mL) of complex4 (0.188 g, 0.2 mmol) (comple%, 0.193 g, 0.2
mmol; complex6, 0.215 g, 0.1 mmol) under Nat ambient
temperature. After the reaction solution was stirred overnight, the
mixture solution was stood for 30 min to precipitate the dark green
solid. The upper yellow solution was transferred to another flask
and then dried under vacuum to obtain the (S;NigH,), solid
identified by'H NMR. Then THF (15 mL) was added to wash the
dark green solid twice. The green solid was dried undepige
to afford the product [PPMJ(NO)Fe(S,S@-CsH4)(S,S-GH4)] (7)
(0.268 g, 91%) ([PPNJ(NO)Fe(S,SG@-CeHs-m-CHz)(S,S-GHs-m+
CHj3)] (8) (0.335 g, 90%); [PPNI(NO)Fe(S,SQ@C¢H,-3,6-Ch)-
(S,S-GH2-3,6-Ch)] (9) (0.142 g, 44%)). Diffusion of diethyl ether
into a CHCN solution of complexes (8, 9) at —15 °C for 4 weeks
led to dark green crystals suitable for X-ray diffraction. Complex
7: IR 1636 @no), 1160, 1020 #sg) cmt (KBr); absorption
spectrum (CHCN) [Amax, NM (€, M~ cm™1)] 412 (3200), 502
(1030), 641 (750), 877 (240). Anal. Calcd fog8HssN3O0sP,SsFe:
C, 68.38; H, 4.65; N, 2.85. Found: C, 68.38; H, 4.92; N, 2.64.
Complex 8: IR 1648 @no), 1146, 1022 %so) (KBr) cm™%;
absorption spectrum (GBN) [Amax M €, M~1 cm™1)] 485 (2108),
660 (1158). Comple®: IR 1661 (no), 1156, 1035 %sc) (KBr)
cm~1; absorption spectrum (GBI,) [Amax NM €, M~ cm™b)]: 332
(18 274), 426 (4122), 630 (1010), 932 (528). Anal. Calcd for
CasHsi0sSN3P,ClsFe: C, 62.54; H, 4.00; N, 2.60. Found: C, 61.24;
H, 4.07; N, 3.16. The elemental analysis did not show good
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[PPN][(NO)Fe(S,S-6H,)-] (1) (0.1 mM) was sealed under positive
N,. The solution was then irradiated by a Hg lamp (88, | max

= 366 nm) at room temperature. The reaction solution was
monitored immediately by U¥vis. After 18 min of irradiation,
the resulting light yellow solution accompanied by the insoluble
yellow solid showed no absorption band in the Y¥is spectrum
(also, novno peak in the IR spectrum). The uncharacterized,
insoluble yellow solid does not showiao stretching band in the

IR (KBr) spectrum.

Photolysis of CHCI, Solutions of [PPN][(NO)Fe(SQ,S-
CeH4)(S,5-GHJ4)] (4) in the Presence and Absence of PRh
Respectively*® For comparison of photochemical deoxygenation
of complex4 in the presence/absence of triphenylphosphine, the
reaction time courses of [O] release (or trapped by 1200 equiv of
PPh) under irradiation in ChKCl, at 25+ 2 °C were studied by
monitoring the decay of complek with an intense absorption at
970 nm. The concentration of compléxs 1.9 x 10*M. A3 mL
(concentration 1.9x 1074 M) of complex 4 was loaded into a
septum-sealed UV cell wrapped with aluminum foil in the dark.
Then the 1200 equiv of PRI§180 mg) was added to the UV cell.
The mixture solution was irradiated by Hg lamp (8 38, | max =
417 nm) at 25+ 2 °C and then monitored immediately by WV
vis. The collected data were analyzed by the Sigmaplot program.
Data of the reaction time courses of [O] release in the presence (or
absence) of PRhwere collected in the interval (3 and 5 min,
respectively) of the first 75 (100) min. Ttkg,sof the photochemical
reaction was conducted under pseudo-first-order conditions. Pho-
tolysis of CHCI, solution of complex yielded complext in the
presence and absence of RRith kops= 6.3 x 1074 (R2 = 0.9987)
and 4.8x 104 (R2 = 0.9964) s (25 + 2 °C), respectively. The
byproduct PBPO was identified byP NMR.

Photolysis of CHCN Solutions of Complex 7 (9):2 Into a 4

agreement with the calculated values because of the extreme airmL quartz reactor was added @EN solution (3 mL) of complex

sensitivity of sample9.
Preparation of [PPN];[(NO)Fe(S,S-GH3R),] (R = H (10),
m-CH3 (11)) and [PPNL[(NO)Fe(S,S-GH2-3,6-CL),] (12). The

7 (0.1 mM) (or9) by syringe, and the reactor was sealed under
positive N.. The solution was irradiated by Hg lamp (8 W12,
Imax= 366 nm) at 2C°C. The reaction was monitored immediately

degassed THF (10 mL) was added via cannula to the Schlenk tubeby UV—vis. After 20 min of irradiation, the resulting green-yellow

containing [PPN][S,NK&CsH4] (0.133 g, 0.2 mmol) (or 0.018 g
[MesN][BH4] or 0.029 g [EiN][BH,]) and complexl (0.181 g,
0.2 mmol) (complex2 (0.186 g, 0.2 mmol); compleR (0.208 g,
0.2 mmol)) under Mat ambient temperature. The reaction solution
was stirred for 2 h, and then stood for 30 min to precipitate the
green-yellow solid. The upper yellow solution was transferred to
another flask under positive ;Npressure and then dried under
vacuum to obtain the (S, NHCgH,), solid identified by'H NMR.
The green-yellow solid was washed twice by THF and then dried
under N purge to afford the product [PPNINO)Fe(S,S-GH4)2]
(10) (0.246 g, 85%) ([PPNI(NO)Fe(S,S-GHs-m-CHz),] (11)
(0.335 g, 90%); [PPN](NO)Fe(S,S-GH2-3,6-Ch),] (12) (0.251 g,
79%)). Diffusion of diethyl ether into a GJEN solution of complex
10 (11, 12) at —15 °C for 4 weeks led to green crystals suitable
for X-ray crystallography. Compleg0: IR 1605 vs {no) cmt
(KBr); absorption spectrum (G4EN) [Amax NM €, M~ cm™1)] 405
(3380), 511 (930), 684 (710), 762 (460). Anal. Calcd fesHegNs-
OR;S,Fe: C, 69.89; H, 4.70; N, 2.91. Found: C, 69.80; H, 4.70;
N, 2.94. Complexil: IR 1606 vs {no) cm~! (KBr); absorption
spectrum (CHCN) [Amax NM €, M~1 cm™1)] 420 (4829), 685
(1084). Complex2: IR 1615 vs ¢no) cmt (KBr); absorption
spectrum (CHCL,) [Amax NM (€, M~1 cm™1)] 340 (18 034), 420
(4688), 670 (764). Anal. Calcd forggHssOSIN3P4ClsFe: C, 63.80;
H, 4.08; N, 2.66. Found: C, 63.47; H, 4.07; N, 2.97.

Photolysis of CH,Cl, Solutions of [PPN][(NO)Fe(S,S-GH4)2]
(1). A 4 mL quartz reactor containing a Géll, solution (3 mL) of
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solution had the dominant absorption band at 684 nm, consistent
with the formation of compleXd0 (670 nm for complexL2).

Photolysis of CHsCN Solutions of Complex 103 To a 4 mL
quartz reactor was added @EN solution (3 mL) of complext0
(0.1 mM) by syringe, and the reactor was sealed under positive
N,. The solution was irradiated by Hg lamp (8 W8, | nax = 366
nm) at 20°C, and the reaction was monitored by BVis. After
27 min of irradiation, the green-yellow solution shows the electronic
absorption of 684 with the same intensity. This result demonstrated
the complexd0 is stable under irradiation at 2.

Reaction of Complex 7 and Q. A CH3CN solution (15 mL) of
complex7 (0.051 g, 0.03 mmol) was purged with pure gas (3.0
mL, 14 psi, at 293 K) by syringe. The flask was tightly sealed, and
the reaction solution was stirred at ambient temperature for 72 h.
The color of solution gradually turned from yellow-green to brown-
purple accompanied by a trace of white solid precipitate. Solvent
was removed under vacuum to leave the brown-purple solid. THF
(10 mL x 2) was added to extract the purple product, and the
solution was transferred to another 50 mL flask. Hexane (15 mL)
was then added to precipitate the dark purple solid after the solution
was concentrated to 3 mL under vacuum. The dark purple solid
was identified as comple# (0.023 g, 80%) by UVW-vis and IR
spectra.

Reaction of Complex 10 and Q. A CH3CN solution (15 mL)
of complex10 (0.148 g, 0.1 mmol) was purged with, @.0 mL,
14 psi, at 293 K) gas via the syringe, and then the reaction mixture
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was allowed to stir fo3 h atroom temperature. Rapid change of Crystallography. Crystallographic data and structure refinements
solution color from green-yellow to red occurred. The solution was parameters of complexe3 and 5—12 are summarized in the
concentrated to 3 mL, and diethyl ether (20 mL) was then added Supporting Information. Each crystal was mounted on a glass fiber
to precipitate the red purple solid. After 20 min of standing, solvent and quickly coated in epoxy resin. Unit-cell parameters were
was removed by cannula and the red purple solid was dried underobtained by least-squares refinement. Diffraction measurements for

vacuum. A solvent mixture of THFdiethyl ether (20:5 mL) was
added to extract the dark red product. Recrystallization from-FHF
hexane diffusion gave dark red crystals of [PPN][(NO)Fe(S,S-
CeHa)2] (1) (0.076 g, 84%) identified by IR and UWvis spectra.
Then, the mixed solvent GE@N—THF (5:5 mL) was added to
dissolve the remaining residues. Diffusion of diethyl ether into this
CH3CN—THF solution at room temperature for 1 week led to dark
purple crystals of [PPNJFe(S,S-GH.),]- (0.031 g, 9%) identified

by the UV—vis spectrum{max 517, 560, 614 nm), white crystals
of [PPN][NG;] identified by the IR spectrumuyfo: 1384 cnrt
(KBr)), and an unknown product with the PPNation.

Reaction of Complex 12 and Q. Complex12 (0.158 g, 0.1
mmol) was loaded into a 50 mL Schlenk flask, and 5 mL of;€H
CN was added to afford the green-yellow solution. After injection
of 30 mL of dry dioxygen gas, the solution was stirred at room
temperature for 6 h. The resulting mixture was dried under vacuum,
and 10 mL of THF was added. The resulting mixture solution was
filtered through a porous filter to separate the insoluble residue
and the filtrate. Hexane (20 mL) was added to the filtrate to
precipitate the red-brown solid. Diffusion of hexane into the THF
solution (3 mL) of the red-brown solid gave red crystals of complex
3(0.076 g, 72%). The remaining residue was redissolved is-CH
Cl, (10 mL) and filtered through Celite. Hexane (30 mL) was then
added to precipitate the dark brown solid characterized by X-ray
diffraction as the known [PPMJe(S,S-GH,-3,6-Ch),], (0.024 g,
11%) and the white [PPN][N§) identified by the IR spectrum
(vno: 1384 cn1? (KBY)).

Magnetic Measurements The magnetic data were recorded on
a SQUID magnetometer (MPMS5 Quantum Design company)
under @ 1 T external magnetic field in the temperature rang8@0

K. The magnetic susceptibility data were corrected for temperature-

independent paramagnetism (TIPx 1.0~ cm® mol~2) and ligands’
diamagnetism by the tabulated Pascal’'s constants.

complexes8 and5—12were carried out on a SMART CCD (Nonius
Kappa CCD) diffractometer with graphite-monochromated Mo K
radiation § = 0.7107 A). Least-squares refinement of the positional
and anisotropic thermal parameters of all non-hydrogen atoms and
fixed hydrogen atoms was based IBh A SADABS?> absorption
correction was made. The SHELX¥structure refinement pro-
gram was employed. In the case of compixthe CI group is
found at disordered positions (CK#):Cl(1'—4') = 1/2:1/2), which
were refined by partial occupancies. The atoms Fe(1), N(1), O(1),
0(2), and O(3) in7 and Fe(1), N(1), and O(1) it0 having two
sites with equal occupancy factors of 50% were successfully refined,
but O(1) in7 was refined by an isotropic temperature factor. The
site occupancy factor of the $S@roup in complexd?2 is 2/3:1/3
(O(2) and 0O(3):0(9 and O(3)) and was refined by partial
occupancies.
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Supporting Information Available: X-ray crystallographic files
in CIF format for the structure determinations of [(NO)Fe(SSO
CeH2Cl2)(S,S-GH2-3,6-Ch)]2*~, [(NO)Fe(S,S-6H2-3,6-Ch)s]
[(NO)Fe(S,S@CsH3R)(S,S-GH3R)?>™ (R = H, m-CHjy), [(NO)-
Fe(S,S@ CsHoClo)(S,S-GH:-3,6-Ch)]2, [(NO)Fe(S,S-GH3R),1%~
(R =H, mCHjy), and [(NO)Fe(S,S-§H,-3,6-Ch),]2. This material
is available free of charge via the Internet at http://pubs.acs.org.
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