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Introduction %3,_
We recently described examples of NO disproportionation 13}
promoted by manganéesand irorf tropocoronand (TC-n,m) 67
complexes. By limiting the stoichiometry of added NO, discrete ‘212 :
0.0]
CH —
/ ( 2)"\ 1800 1750 Clnzgo 1650 Minutes
N H/N Figure 1. The NO stretching region of IR spectra collected in situ at
room temperature during the reaction of [Mn(NO)(TC-5,5)] with [Fe-
N/H N (TC-5,5)] in THF. The initial concentration of each compound was
\ J 6.5 mM. The band at 1680 crhcorresponds t@no of [Mn(NO)(TC-
(CH2)m 5,5)]. This signal decayed within 10 min as a new band at 1710 cm
HoTC-nm emerged, indicating formation of [Fe(NO)(TC-5,5)].

{MnNO}¢ and {FeNG’ compounds were isolated and char- To determine the mechanism of nitrosyl transfer between
acterized. During our investigation, we uncovered nitrosyl [Mn(NO)(TC-5,5)] and [Fe(TC-5,5)] we monitored the reaction
transfer from [Mn(NO)(TC-5,5)] to [Fe(TC-5,5)], affording [Fe- by in situ IR spectroscopy. The results are described in this
(NO)(TC-5,5)] as shown in eq 1. note.

Experimental Section
General Considerations All reactions were performed under strict
. anaerobic conditions in anMilled glovebox or by using standard
An early example of intermolecular NO transfer occurred gchienk techniques under an Ar atmosphere. Tetrahydrofuran (THF)
between [Co(NH)s(NO)]** and CF*.2 Since then, two general  was freshly distilled from sodium benzophenone ketyl under nitrogen.
mechanisms have been advanced for this overall reaction (eqsThe compounds [Mn(NO)(TC-5,%)hnd [Fe(TC-5,5f were prepared
2 and 3)* In the first case, formation of a nitrosyl-bridged as described previously.
Reaction Protocol. In situ IR sample monitoring was performed
@) with a ReactIR 1000 from ASI Applied Systems. The details of the
experimental setup have been described elsewfiEne.IR probe was

M(NO) + M’ = M’'(NO) + M 1)

M(NO) + M' = M(u-NO)M' == M'(NO)
. inserted through a well-sealed adapter into a custom-made flask
M(NO) L M + NO kZ_M, M'(NO) (3) equipped with a gas-inlet adapter, a septum-sealed joint, and a stir bar.
kg Under an Ar atmosphere, the flask was charged with 5 mL of a 13
mM THF solution of [Mn(NO)(TC-5,5)] at ambient room temperature.
dimetallic intermediate facilitates direct transfer of NO from After monitoring was initiated with ReactIR 2.0 software, 5 mL of a
one metal center to another’ Evidence for this mechanism 13 mM THF solution of [Fe(TC-5,5)] was added to the flask by syringe.
was based mostly on product analysis and the observation thaifhe final concentration of each species was therefore 6.5 mM. A
coordinatively unsaturated acceptors were favSréetailed spectrum was collected every 2.6 s for 28 min.
kinetic analysis of NO transfer between cobalt dimethylglyoxi- Results
mate complexes and hemoglobin revealed that dissociation of The strong NO stretching band provides a convenient
nitric oxide (eq 3) from cobalt leads to NO transfer to spectroscopic signal with which to monitor formation of metal
hemoglobirg® This result suggested that such a mechanism nitrosyls. When a solution of [Fe(NO)(TC-5,5)iNo = 1710
might generally describe NO transfer between metal ceffers. cm™1, THF) was added to a solution of [Mn(THF)(TC-5,5)] no
change occurred in the 1710 ckiR spectral band, indicating

(1) Franz, K.J.; Lippard, S. J. Am. Chem. S02.998 120 9034-9040. that iron does not transfer NO to Mn(ll). When a solution of
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S., Ed.; Plenum: New York, 1989; Vol. 2, pp 11322. the Mn-bound nitrosyl ligand was transferred quantitatively to
(5) Ungermann, C. B.; Caulton, K. G. Am. Chem. So&976 98, 3862 Y9 q y

3868 Fe(ll) to form [Fe(NO)(TC-5,5)]. Figure 1 displays in situ IR
(6) Sacco, A.; Vasapollo, G.; Giannoccaro,|Rorg. Chim. Actal979 spectra taken after equimolar amounts of [Mn(NO)(TC-5,5)]
32, 171-174. and [Fe(TC-5,5)] were combined at room temperature. Within
™ ?sze;gERZ’ﬁLli Carlyle, D. W.; Blackmer, G. Inorg. Chem.1975 10 min, the Mn nitrosyl stretching mode at 1680 Gnwas
(8) Doyle, M. P.; Pickering, R. A.: Dykstra, R. L.; Cook, B. B. Am. replaced by a band at 1710 chwhich is the signature of the
Chem. So0c1982 104, 3392-3397. Fe nitrosyl compound.

(9) Doyle, M. P.; Van Doornik, F. J.; Funckes, C. Inorg. Chim. Acta ; ; ; ; ;
1080 46, L111- 1113, The two mechanisms depicted in egs 2 and 3 to describe this

(10) Espenson, J. HChemical Kinetics and Reaction Mechanisms NO transfer reaction can, under favorable circumstances, be
McGraw-Hill: New York, 1981. distinguished by the reaction order with respect to the concen-
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Figure 3. IR spectrum in THF solution taken 15 min after mixing
approximately equimolar solutions of [Fe&{O)(TC-5,5)] and [Mn-
(NO)(TC-5,5)] (both compoundsyo = 1680 cntl). New bands appear
at 1710 and 1648 cm, indicating formation of [Fe(NO)(TC-5,5)] and
[Mn(**NO)(TC-5,5)], respectively.

dissociative mechanism described above, the reaction should
completely scramble the NO ligands to afford a mixture of
Fe(*NO), Fef*NO), Mn(*>NO), and Mn{“NO) species. Figure

3 shows the solution IR spectrum after 15 min. The bands at

-6.0y 2' i é é 10 1710 and 1648 cmi indicate Fe{*™NO) and Mn{*NO), respec-
Time (min) tively, whereas the more intense band at 1680 canises from
Figure 2. (a) Plot of the inverse of the absorbance at 1680%wus the overlapping signals of FéNO) and Mn{“*NO).
time. A fit of the data to a straight line gives a residia 0.972. (b) Although neither [Fe(NO)(TC-5,5)] nor [Mn(NO)(TC-5,5]
Plot of In of the absorbance at 1680 chvs time. The best-fitline has  readily loses NO in solution or the solid state, as previously
ay-intercept at-4.114(7) and a slope-{ko9 of —0.174(1) min™ with reportedt2 the evidence of NO dissociation discovered here
a residualR = 0.995. implies that such a reaction does occur.
Discussion

trations of the metal complexes. If the mechanism in eq 2 were

operative, formation of a nitrosyl-bridged species would require A kinetic analysis of the nitrosyl transfer reaction observed
that the reaction be first order in both [MnNO] and [Fe]. between Mn and Fe tropocoronand complexes presented here

Equation 3 describes a process that is either first- or second-SU99€sts a mechanism that involves dissociation of Mn-bound
order overall, depending on conditions. Application of a steady- NO_Prior to formation of Fe(NO)(TC-5,5)] (eq 3). Both [Fe-

state analysis to eq 3 yields the rate law given by é®jla.the (NO)(TC -5,5)] and [Mn(NO)(TC-5,5)] are stable species and
do not lose NO under moderate conditions of heat and

_ vacuumt2 This stability suggested that a dissociative mechanism
dMnNO] = kykMnNOJ[Fe] (4) would be unlikely to account for exchangedlO for labeled
dt k_4[Mn] + k;[Fe] I5NO that was observed previously. The current study

demonstrates that such a mechanism may be feasible, although
limit where k-1{Mn] < kj[Fe], the reaction depends only on it does not directly address the exchange of NO at a single metal
[MnNO], whereas ik_,[Mn] > ky[Fe], the reaction would show  center and, therefore, cannot exclude the possibility of an
a dependence on [Fe] as well as [MnNQ]. If the reaction did associative pathway for that reaction.
not obey first-order kinetics, therefore, the mechanisms de- These manganese and iron mono-nitrosyl species are activated

scribed by egs 2 and 3 would be indistinguishable. by their metal centers for further reactivity with nitric oxide.
Because the experiment utilized equimolar quantities of The reaction pathways of NO disproportionation are similar for
MnNO and Fe, the second-order rate expression for eg=2, the two metal compounds, up to the formation of metal nitrosyl-

KIMnNQO][Fe], reduces tov = kIMNNO]2.1° The dependence nitrito {M(NO)(NOy)} intermediates, which are stable-a78
on [MnNO] should, therefore, distinguish the two mechanisms, °C. At room temperature, the lability of the nitrosyl and nitrito
with a first-order dependence on [MnNO)] indicating eq 3 in ligands differs for the two metal centers, however. Whereas Mn
the limit where k-;{Mn] < kj[Fe]. Because absorbance is loses NO to afford a Mn nitrito product [Mn(NgXTC-5,5)]}
proportional to concentration, the absorbance of the Mn(NO) Fe retains the nitrosyl and N@lissociates. Free NCattacks
stretch at 1680 cri was used for kinetic analysis. the ligand to give the final nitrosyl product, [Fe(NO)(TC-5,5-
Figure 2a shows data plotted ag\{dso VS time. A straight- NOy)].?
line fit of the data reveals poor agreement with second-order The NO transfer reaction described here reflects this differ-
kinetics. The data agree much better with first-order dependenceence in affinity for NO by Fe and Mn. The fact that NO transfers
on [MnNO], as shown by a plot of IAseso versus time (Figure only from Mn to Fe and not in the reverse direction demonstrates
2b). This analysis, therefore, reveals the likely pathway for NO the much higher affinity of iron for nitric oxide. The kinetic
transfer to be NO dissociation from Mn prior to reaction with analysis corroborates speculation that NO dissociation provides
Fe. A more definitive proof would require more extensive kinetic a general pathway for intermolecular NO transfer reactfons.
studies.
To test the dissociation hypothesis further, THF solutions of
approximately equimolar amounts of [F#{O)(TC-5,5)] and
[Mn(**NO)(TC-5,5)] were mixed. Given the evidence for a 1C000360N
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