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Structural and mechanistic information on the binding of NO
to mono- and dinuclear [Fe''(S;NNEt,)] fragments as poten-
tial catalysts for the removal of NO from effluent gas streams
have been obtained from concentration, temperature and
pressure dependent kinetic measurements using stopped-
flow techniques. The results indicate that the steric and elec-
tronic structure only affect the rate but not the nature of the
binding mechanism by which NO coordinates to the selected
complexes. Therefore, the sterically hindered dinuclear com-
plex [Fe'(S;NNEt,)], binds NO ca. eight times slower than

the corresponding mononuclear complex [Fe!'{(CH;OH)-
(S4NNEt,)]. Significantly negative AS* values were found for
the binding of NO to both the mono- and dinuclear species,
and are consistent with an associative mechanism. The nega-
tive volumes of activation observed for the binding of NO to
both dinuclear [Fe''(SyNNEt,)], and mononuclear [Fe'(CO)-
(S4NNEt,)] complexes further supports the operation of an
associative mechanism. Structural studies on the [Fe''(NO)-
(S4NNEt,)] complex indicate it to be six-coordinate, low-spin
iron(II) with a neutral NO ligand.

Introduction

There exists an ongoing interest in the chemistry of tran-
sition metal nitrosyl complexes, especially in their structural
and electronic properties, as well as their reactivity. More
recently this interest is focused on nitrosyl complexes as po-
tential waste gas purification catalysts,[! as drugs releasing
the neuro-transmitter and mammalian bioregulator NO,%!
or as model complexes for metal enzymes such as nitrile
hydratase,®! cytochrome oxidase,[*! and nitrogenases,™ and
in the use of metallonitrosyl complexes as pharmaceutical
reagents.l” Particularly interesting are also those complexes
which can deliver NO to biological targets on demand.[”l In
a few cases NO complexes can serve as precursors for N,
complexes, which are considered to represent the primary
species when N, binds to the active sites of FeMo, FeVor
and FeFe nitrogenases.l’! A great deal of spectroscopic in-
formation on NO complexes allows a correlation with the
structure and stability of NO complexes.!

In the search for low molecular weight compounds that
combine structural and reactivity features of [FeS] enzymes,
iron complexes containing [Fe[(S;NR)] fragments, where
(S4NR)> = 2,6-bis(2-mercaptophenylthiomethyl)-4-substi-
tuted pyridine(2-), were found to represent a class of syn-
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thetic models of nitrogenases as, i) they exhibit a biolo-
gically relevant [FeS] core in which two iron centers are
bridged via bis(p-thiolato) donor atoms; ii) they dissociate
reversibly in solution to give the mononuclear species and
leave a free coordination site suitable for binding and acti-
vation of relevant small molecules like NO, NO* and CO.["!

[Fe"(S4NR)] fragments can bind NO (from NO gas) or
NO* (from NOBF,) to produce the corresponding nitrosyl
complexes with the formal binding mode Fe'-NO" or Fel-
NO™, respectively. The latter complex can be reduced to
form the Fe'"-NO" complex. The majority of metal nitrosyl
complexes have 18 valency electron (VE) configurations.
For the elucidation of redox mechanisms, a point of con-
siderable interest is the consequences caused by one-elec-
tron reductions of 18 VE nitrosyl complexes to give 19 VE
species. 19 VE complexes are usually highly labile and too
unstable for isolation and complete characterization, but ni-
trosyl complexes with [Fe''(S4NR)] cores yielded a few ex-
ceptions to this rule. One electron reduction of [Fe!l-
(NO)(S4NR)]* gave the labile but isolable 19 VE complexes
[Fe'(NO)(S4NR)]. The neutral 19 VE complex
[Fe(NO")(S4NR)] could be isolated in the solid state and
completely characterized.’

It is the objective of this study to perform a detailed
mechanistic study of the reaction of NO with different
[Fe''(S4NR)] fragments in solution in order to reveal the
rate and activation parameters for the reversible binding of
NO, and to clarify the underlying reaction mechanism. This
work provides also an evaluation of the influence of steric
and electronic factors of the [Fe"(L)(S4NR)] (L = bridging
thiolato o-donor S atom, CH3;O0H, or CO, Scheme 1) frag-
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ments on the binding of NO. At present no mechanistic
studies on such NO binding reactions have been performed
on Fe'! sulfur-ligated complexes that have model character
for biologically important enzymes. In principle, the revers-
ible binding of NO to the [Fe''(S4NR)] complex can be con-
sidered as a model for reversible NO binding in sulfur coor-
dinated metal centers of nitrogenase.

R

7
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Scheme 1. Schematic presentation of di- and mononuclear iron
complexes containing the [Fe''(S,NR)] fragment; R = H or Et,N;
L = NO, NO* or CO.

Results and Discussion

Iron sulfur complexes of the formula [Fe''(S,NNE?,)],
(1) have previously been shown® to exist as binuclear iron
clusters in which the two iron centers are connected via
bis(p-thiolato) bridges. The S;NNE?, ligand acts as a
square-pyramidal coordination cap and the overall geome-
try around the iron center is pseudo-octahedral. The pyr-
idine N1 donor and the bridging S-donor of a second Fe
fragment, as well as the two thiolate and the two thioether
donors of the SyNNE?, ligand, occupy pair-wise trans-posi-
tions. The reactions of [Fe''(S,NNE?,)], (1) with NO, NO*
or CO gave mononuclear [Fe''(NO)(S;NNE?)] (3), [Fe'l-
(NO)(S4NNE?)]" (4) and [Fe''(CO)(S4,NNEL,)] (5) com-
plexes, respectively.

As for other complexes with this type of ligand, the spin
state of the iron(II) sulfur complexes depends on coordina-
tion at the sixth axial position. Whereas the dinuclear com-
plex [Fe''(S;NNE?)], (1) is high-spin [uer (293K) =
5.15 pg], binding of a sixth ligand like NO or NO* produces
the corresponding low-spin species. The complex [Fe'l-
(NO)(S4,NNE?,)] (3) was synthesized from [Fe'(S,N-
NE)], (1) by treating with a stoichiometric amount of
NO. The reaction product is [Fe™(NO)(S,NNE?,)] (3), i.e.
{Fe-NO}7, which can formally exist as either
[Fe'(NO™)(S4NNEL,)] or [Fe''(NO)(S4NNEL,)]. The latter
form is in excellent agreement with the observation that one
electron oxidation of {Fe-NO}’ to {Fe-NO}° increases the
NO stretching frequency from 1640 to 1884 cm™! as shown
in Figure 1.

The complex [Fe"(NO)(S4NNE?)] (3) contains low-spin
d ferrous ion according to the zero-field Mdossbauer spec-
tra at 77 K; there is a doublet with an isomer shift, 6 =
0.38(1) mms™!' and quadrupole splitting AEg = 0.44(1)
mms~! (see Figure 2). These parameters are close to the
Mossbauer characteristics of closely related low-spin fer-
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Figure 1. IR spectra (in CH,Cl,) of a) [Fe'(NO")(S4NNE?,)] (3); b)
during the oxidation reaction; c) at the end of the reaction.

rous nitrosyl [Fe'"(NO')(S4N)] complexes reported by
Wieghardt et al. which have an isomer shift, 6 = 0.33(1)
mms ! and quadrupole splitting AEg = -0.40(1) mms *.l!]
The  slight isomer  shift  difference  between
[Fe''(NO")(S4NNEL,)] (3) and the related complex reported
by Wieghardt et al. could be traced to the change in elec-
tron density caused by the ligand derivatives.

Trel

0.94 L ! !
vimms™

Figure 2. Zero-field Mossbauer spectra at 77K
[Fe''(NO")(S4NNET?,)] (3) and b) [Fe''(CO)(S4NNEL)] (5).

of a)

To test this hypothesis experimentally, we have deter-
mined the isomer shift, § = 0.23(1) mms!, and quadrupole
splitting, AEg = 0.78(1) mms™!, from the Mdssbauer spec-
trum of [Fe''(CO)(S4;NNE?)] (5). The zero-field Mdssbauer
spectrum clearly displays a doublet (see Figure 2). As ex-
pected, on decreasing the electron density at the metal cen-
ter the isomer shift decreases to 6 = 0.19(1) mms! in
[Fe"'(CO)(S4NNEL,)], and at the same time, the quadrupole
splitting parameter, AE, increases to 0.88(1) mms .l
Thus, based on the IR and Mdssbauer spectroscopic data,
the iron nitrosyl complex [Fe''(NO")(S4,NNE?,)] (3) is a six-
coordinate, low-spin Fe!l complex with a neutral NO li-
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gand. This nitric oxide ligand adopts an interjacent bent
geometry and its electronic structure is best described as a
delocalized {Fe''-NO'}7 configuration.['!]

Kinetic Studies of the Binding of NO to [Fe(S4NE?,N)]
Fragments

The complex [Fe''(S4NNE?,)], has also been shown to
exist in both mono- and dinuclear forms in solution, i.e. 2
and 1, respectively, with the latter being favored at low and
room temperature. When no additional nucleophile is pres-
ent, two mononuclear complexes (2) fold together to form
the dinuclear complex (1). In order to bind the nucleophile,
the bridge unfolds and allows a relatively open access to the
active site. Evidence for the dinuclear species in solution
comes from its very low solubility as well as the mass spec-
trum which shows a molecular ion peak at m/z = 1024 that
corresponds to the dinuclear species (1). NO binding to the
dinuclear complex [Fe''(S4,NNE?,)], was kinetically investi-
gated and occurs according to the overall reaction (1).

[Fe''(SuNNE?,)], + 2NO — 2[Fel'(NO")(S4NNE?,)] (1)

Reaction (1) can be monitored spectrophotometrically
over the wavelength range 300 to 375 nm. Solutions were
prepared by dissolving known amounts of complex 1 in
methanol and used directly after dissolution. The NO bind-
ing reactions were studied as a function of NO concentra-
tion, temperature and pressure in methanol. A representa-
tive kinetic trace recorded during the binding of NO to [Fe''-
(S4NNE?L,)], (1) is shown in Figure 3. Rate constants for
the reaction were determined by using total NO concentra-
tions in the range of 1.0-7.0 mm, i.e. always at least a 10-
fold excess over the Fe' complex concentration. Through-
out the NO concentration range it was possible to fit the
absorbance/time traces to single-exponential function as
shown in Figure 3. It follows that k,,, should depend lin-
early on the entering NO concentration in the absence of a
back reaction as shown in Figure 4, such that &, = k,[NO]
which leads to the second-order rate constant k, =
2400 +100m 's .

The reaction of [Fe''(SuNNE?), (1) with NO was
studied as a function of temperature in the range from 10
to 30 °C and the observed temperature dependence is re-
ported in Figure 5. The plot is linear over the temperature
range studied and AH* and AS* have the values
31+ 1kJmol ! and -81 =4 JK "mol ', respectively. The ef-
fect of pressure on the binding of NO was studied by
stopped-flow technique in the range from 10 to 130 MPa.
A NO concentration of 1.5 mMm was selected to study the
pressure dependence of k,;, for the binding of NO. The re-
action rate increases drastically with increasing pressure,
even for the lowest accessible NO concentration selected for
the experiments. The plot of Ink,,, vs. pressure is linear as
shown in Figure 6. The value of the activation volume AV#
=-21+1 cm?*mol! was obtained from the slope of the plot
according to the equation:

AV# = —RT(81nk/SP)r
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Figure 3. Representative kinetic trace for the reaction between the
dinuclear complex [Fe!'(S4NNE%)], (1) and NO in methanol ob-
tained by stopped-flow spectrophotometry (solid line was obtained
by fitting the data with a single exponential function). Experimen-
tal conditions: 7 = 296 K. [1] = 0.5X 10% M, [NO] = 7mm, 4 =
351 nm.
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Figure 4. Plot of ks vs. NO concentration for the dinuclear com-
plex [Fe!('SyNNE?)], (1) in MeOH at 296 K, [1] = 0.5X 10 4™, 4
= 351 nm.
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Figure 5. Temperature dependence of the reaction of the dinuclear
[Fe"'(S4NNE?,)], complex (1) with NO in MeOH. Experimental
conditions: [1] = 0.5X 10# M, [NO] = 3.5 mmM, 4 = 351 nm.

In general, bond formation is expected to show a nega-
tive volume of activation as a result of an intrinsic volume
collapse.['?l The quantitative interpretation of AV# for reac-
tion (1) can include several contributions, such as the intrin-
sic volume collapse due to an overlap of van der Waals
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Figure 6. Pressure dependence of the reaction of complex 1 with
NO in methanol. Experimental conditions: [1] = 0.5 X 104 M, [NO]
= 1.5mmMm, 296 K, /. = 351 nm.

spheres during the bond-formation process, and contri-
butions that arise from a spin change on the ferrous center,
i.e., quintet to singlet transition (negative contribution), and
desolvation of the coordinating ligand (positive contri-
bution). The association process is also characterized by a
significantly —negative activation entropy, AS* =
—81 =4 JK '"mol! (Figure 5, Table 1), which is consistent
with the entrance of NO into the coordination sphere.
Furthermore, the activation volume for the binding of NO
is significantly negative, viz. AV# = —21 =1 cm>mol!. Sub-
stantially positive contributions to AS* and AV# resulting
from the desolvation processes are not expected, since as it
has been established before that the iron(II) complex exists
in methanol and dichloromethane solution as six-coordi-
nate species, with the sixth coordination site in the axial
position occupied by the thiolato bridge.l”®l Several studies
have been reported on various iron(IT) complexes that exist
in high-spin/low-spin electronic state equilibria,[!%13-17] and
these have shown that the volume changes associated with
such a spin transition of d® iron(II) fall in the range from
—4 to 22 cm’mol !, depending on the solvent and ligand
structure around the metal.['313] The volume of activation
found for the binding of NO in the present study lies within
this range of values and supports that Fe-NO bond forma-
tion can involve a contribution from the high-spin to low-
spin transition.

Table 1. Rate and activation parameters for the binding of NO to
the dinuclear [Fe''(S4NNE?)], (1), mononuclear [Fell-
(CH30H)(S4,NNE?,)] (2) and [Fe''(CO)(S4NNE?,)] (5) complexes at
296 K.

Complex k, AH# AS# AV#
[M!'s] [kJmol'] [JK'mol'l [cm?*mol]

1Ml 2400 = 100 31x1 -81*+4 21x1

202 17500 =300 35+1 —47=*5 -

5ivl 2620 = 160 125£0.7 -133*x2 -6.7*+0.3

[a] Solvent is methanol. [b] Solvent is toluene.

Because complex 1 exists mostly as the six-coordinate
species even at room temperature, the binding of NO to this
complex involves the reaction of NO with a coordinately
saturated complex instead of a five-coordinate iron(II) spe-

Eur. J. Inorg. Chem. 2010, 554-561

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

European Journal
of Inorganic Chemistry

cies. Presumably, the mechanism involves a pre-equilibrium
between the predominant di- and mononuclear species.
Therefore, when complex 1 was stirred for a long time (ca.
6 h) or placed in an ultrasonic bath for about 30 min in
a coordinating solvent like methanol, the pre-equilibrium
between di- and mononuclear species shifted to the mono-
nuclear species. This could be seen in the mass spectrum as
a molecular ion peak at m/z = 552 (100%) corresponding
to the mononuclear species was formed. Furthermore, the
UV/Vis spectrum changed during stirring in methanol (see
Figure 7). The mononuclear species was expected to be
either a five-coordinate species with a vacant coordination
site or a six-coordinate species with methanol coordinated
in the sixth coordination site. The possible formation of a
five-coordinate species could be eliminated because the
dissociation could only be seen in coordinating solvents like
methanol, and not in a non-coordinating solvent like tolu-
ene (Figure 7).
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Figure 7. UV/Vis spectral changes recorded for complex 1
(0.5% 10* M) in MeOH (top) and in toluene (bottom) at 296 K: (a)
as obtained directly after dissolution; (b) as obtained after 6 h of
stirring.

The kinetic behavior of the mononuclear complex with
NO was also investigated in methanol in order to correlate
the results with those for the dinuclear complex. A repre-
sentative kinetic trace for this reaction is shown in Figure §,
and the plot of k,;, vs. NO concentration is shown in Fig-
ure 9. The reaction was studied as a function of tempera-
ture in the limited range from 4 to 23 °C due to the rela-
tively high rate of the process, and the activation enthalpy
and entropy were estimated (see Figure S1 in Supporting
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Information and Table 1). The rate constant and the acti-
vation parameters for the reaction of NO with the mononu-
clear complex 2 are k = 17500+300m's™!, AH*
35+ 1kImol™! and AS* = 47+2JK 'mol . It follows
that complex 2 reacts approx. 7 times faster with NO than
complex 1. The effect of pressure on ks could not be
studied due to the high rate of this reaction. On comparing
the activation parameters of the reaction of both di- and
mononuclear complexes with NO, we find that both reac-
tions show very negative AS* values of -81*4 and
—47 +2 JK"mol ™!, respectively, which clearly indicate that
the reaction with NO follows an associative mechanism.
Further support for an associative mechanism is the signifi-
cantly negative volume of activation for the reaction of NO
with the dinuclear species (AV# = —21 =1 cm®*mol™"). The
reaction with the dinuclear complex is 8 times slower than
with the mononuclear species. This means that the observed
rate constant for the binding of NO to the dinuclear com-
plex must involve a contribution from bond cleavage to
form the mononuclear complex.
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0.00 0.01

0.05
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Figure 8. Representative kinetic trace recorded at 351 nm for the
reaction between the mononuclear complex [Fe''(CH;OH)-
(S4NNE?,)] (2) and NO in MeOH obtained by stopped-flow spec-
trophotometry. Experimental conditions: 7 = 296K, [2] =
0.5%x10%m, [NO] = 7 mm.
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Figure 9. Plot of k,,, vs. NO concentration for the mononuclear
complex [Fe''(CH;OH)(S,NNE?,)] (2) in MeOH at 296 K, [2] =
0.5X10%m, A = 351 nm.
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The difference in reactivity of both complexes can there-
fore be understood in terms of: 1) the bond strength of the
leaving coligand, i.e. the stronger the metal-coligand bond,
the slower the reaction rate, and in this case the metal—
methanol bond is weaker than the metal-thiolate bond.
2) It is known that free heme model compounds usually
show faster association and dissociation rates than found in
hemeproteins as a result of the steric hindrancel!l and in
this case the steric hindrance around the iron complex is
higher in the case of the dinuclear complex as compared to
the mononuclear species, which will slow down the associa-
tive binding of NO. Taking into account all the above infor-
mation, the mechanism for the reaction of NO with dimer
1 can be represented as shown in Scheme 2. The addition
of NO to the dimer followed by cleavage of the Fe-S-Fe
bridges to form a NO complex and a monomer 2, appears
to be the rate-determining step of the overall reaction. The
second step in which NO reacts with the monomer 2 is sig-
nificantly faster (Scheme 2), as evidenced by the kinetic
data reported for this reaction above.
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N
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/
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Scheme 2. Suggested mechanism for the reaction of NO with the
dimer 1 and the monomer 2.

Binding of NO to [Fe"'(CO)(S,NE#,N)|

In order to further investigate the suggested mechanism
outlined in Scheme 2, the reaction of NO with the mononu-
clear complex [Fe'(CO)(S4NE?,N)] (5) in which the sixth
coordination site is occupied by CO was also investigated.
The [Fe(CO)S4NEN)] (5) complex can be prepared
through the coordination of CO to both complexes 1 or
2.8 Complex 5 can undergo a ligand-substitution reaction
with NO to form complex 3 as shown in Scheme 3.

Scheme 3. Schematic representation of the reaction of complex 5
with NO to form complex 3.
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This reaction is accompanied by a significant absorbance
decrease around 325 nm and can be studied using stopped-
flow techniques (see Figure 10). The results for the depen-
dence of the observed first-order rate constant on the con-
centration of NO are presented in Figure S2 (see Support-
ing Information), from which it follows that the reaction in
Scheme 3 has a first-order dependence on the concentration
of NO with no significant intercept, i.e. no apparent back
reaction. The temperature and pressure dependence of this
reaction were studied (see Figure 11 and S3, Supporting In-
formation), and the rate and activation parameters are in-
cluded in Table 1. The reported rate constant is very similar
to that found for the dinuclear complex 1, which is due to
the high stability of both complexes 1 and 5.
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Figure 10. UV/Vis spectra recorded for the reaction of complex 5
(0.5x10* M) with NO (5.5 mm) in toluene at 296 K: (a) as ob-
served before the reaction; (b) as obtained after 0.1 s at the end of
the reaction. Inset shows kinetic trace recorded under the same
conditions at 336 nm (solid line was obtained by fitting the data
with a single exponential function).
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Figure 11. Plot of Ink,,, vs. pressure for the reaction of [Fe(CO)-
(Et;NpySy)] (5) with NO in toluene followed at 336 nm. Experi-
mental conditions: [S] = 0.5X 104 M, [NO] = 1.5 mm at 296 K.

The activation entropy and activation volume data
clearly support the operation of an associative substitution
reaction and once again are in line with the data reported
for complex 1. The volume of activation for the reaction of
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complex 1 with NO is much more negative than that for the
reaction of complex 5 according to the data in Table 1. As
mentioned above, in the case of complex 1 the very negative
volume of activation was ascribed to contributions from the
binding of NO and a high-spin to low-spin changeover. In
the case of complex 5 the binding of NO does not involve
a change in spin state, which accounts for the less negative
activation volume found for this reaction.

Conclusions

In conclusion, structural and mechanistic information on
the binding of NO to the di- and mononuclear complexes
1 and 2 as potential catalysts for the removal of NO from
gaseous effluents have been obtained from the relative reac-
tion rates, temperature and pressure dependence studied by
using stopped-flow techniques. The results further indicate
that steric and electronic parameters affect the rate but not
the nature of the substitution mechanism by which NO co-
ordinates to the selected complexes. Therefore, the sterically
hindered dinuclear [Fe''(S4,NNEt,)], complex binds NO sig-
nificantly slower than the corresponding mononuclear
[Fe"'(CH;OH)(S4;NNE?,)] complex. A similar finding is true
for the carbonyl complex 5 in which the stability of the Fe—
CO bond accounts for the slow ligand displacement reac-
tion. Large and negative AS* values were found for the
binding of NO to complexes 1, 2 and 5, consistent with an
associative mechanism. The large and negative volumes of
activation observed for the binding of NO to complexes 1
and 5 further underlines the operation of an associative
binding mechanism.

In the case of complex 1, the high- to low-spin transition
of the iron center is suggested to contribute to the more
negative activation volume as compared to complex 5. A
comparison of the [Fe''(S,NNE?;)] complexes with heme
proteins in the ferrous state in terms of their electronic
structure, binding to NO as well as stability, reveals that:
i) [Fe''(S4NNE?,)] complexes and the ferrous heme bind
stronglyl"® to NO as a neutral ligand; ii)[Fe'-
(NO)(S4NNEt,)] and the ferrous nitrosyl heme are stable
complexes with low dissociation rates,!'”) as preliminary re-
sults showed that the [Fe''(NO)(S4NNE?,)] complex re-
leases NO very slowly in solution and such a feature is of
importance for efficient NO transport; iii) NO activates
sGC by binding to the ferrous iron in the heme pocket (k,,
> 103m 's )2 which is faster than that of [Fe'-
(SUNNE?,)] complexes. [Fe'(S;NNE?,)] complexes were
found to bind NO much slower than non-heme complexes
containing the ferrous iron, such as [Fe''(H,0)¢*"
(1.4x10°m st at 25°C)PU and [Fe''(EDTA)H,O]
(24x108m st at 25°C).P2 Studies on the [Fe'l-
(NO)(S4NNE?,)] complex as NO delivery agent are now in
progress.

Experimental Section
Materials: [Fe(S4NNE?,)], (1), [Fe(NO')(S4NNE?,)] (3), [Fe(NO™)-
(S4NNEL,)|BF, (4) and [Fe(CO)(S4NNET,)] (5) were synthesized as
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described in the literature.”®! All chemicals used in this work were
of analytical grade or better. Solvents were degassed prior to use
and kept under nitrogen. Solutions of the complexes were all
freshly prepared under nitrogen atmosphere prior to the kinetic
and equilibrium studies. The concentration of the complex was usu-
ally in the range of 5X 107> M, and measurements were performed
in methanol. For the dinuclear complex 1 and complex 5, the mea-
surements were performed directly after dissolution in methanol,
whereas for the mononuclear complex 2, the measurements were
performed after about 6 h of stirring in methanol.

Instrumentation and Measurements: Spectra were recorded on the
following instruments: IR (KBr discs, solvent bands were compen-
sated): Mattson Infinity instrument (60 AR) at 4 cm™! resolution
in the 4004000 cm™' range; NMR: Jeol-JNM-GX 270, EX 270,
and Lambda LA 400 with the protio-solvent signal used as an in-
ternal reference. Mass spectra: Jeol MSTATION 700 spectrometer;
elemental analyses: Carlo-Erba EA 1106 or 1108 analyzer. >’Fe
MoBbauer spectra were recorded on a WissEl MoBbauer spectrom-
eter (MRG-500) at 77 K in the constant acceleration mode. >’Co/
Rh was used as the radiation source. WinNormos for Igor Pro
software was used for the quantitative evaluation of the spectral
parameters (least-squares fitting to Lorentzian peaks). The mini-
mum experimental line widths were 0.21 mms!. The temperature
of the samples was controlled by an MBBC-HE0106 MOSS-
BAUER He/N, cryostat within an accuracy of 0.3 K. Isomer
shifts were determined relative to o-iron at 298 K.

Kinetic investigations were performed either in tandem cuvettes
with a path length of 0.88cm, thermally equilibrated at
23.0%=0.1 °C before mixing, using a Varian Cary 1G spectropho-
tometer, or on an Applied Photophysics SX 18MV stopped-flow
instrument with an optical path length of 1 cm at 351 nm. For ex-
periments at elevated pressure (1-130 MPa), a laboratory-made
high-pressure stopped-flow instrument was used.[>3] The tempera-
ture of the instruments was thermostatted at 23.0 = 0.1 °C. The sol-
ubility of NO was taken to be 14 mm in methanol and 11 mm in
toluene at 23 °C. NO solutions of known composition were gener-
ated using a Tylan TO-28 controller with model FC-260 mass flow
controllers and compressed gas cylinders of the pure gas. The li-
gand-substitution reactions were studied under pseudo-first-order
conditions by using at least a ten-fold excess of NO. All listed rate
constants represent an average value of at least three kinetic runs
under each experimental condition.

Supporting Information (see also the footnote on the first page of
this article): Temperature dependence of the reactions of the mono-
nuclear complex 2 with NO in MeOH and of 5 with NO in toluene.
Plot of k,,; vs. NO concentration for the reaction with 5 in toluene.
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