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Figure 1. Plot of the second-order rate constaaf, (M~* s%) against
pH. T = 25.0°C; | = 1 M (NaCl); [Fe(CN}NO?] = 1 x 10* M;
[N2H4]T =75x 1(T3 M.

The stoichiometry is described by eq 1

Fe(CN)NO? + N,H, + H,0—

with ancillary coligands are important within the subject of NO
reactivity! The reactions of OH, amines, and thiolates are also
relevant to modern studies on the physiology of NO dealing with
the mechanisms of transport and reactivity upon coordination to
iron enzyme£.NO binds to many transition metals by forming significance, as shown belobAll yields were checked for eq 1:
an electronically delocalized [MN—O] moiety, with the N-atom the Fe(CNgH,O3~ ion was quantitatively determined by generat-
being the site either for nucleophilic addition or outer-sphere ing the Fé(CN)sisonicotinamidé ion.*? N,O and NH were
electron transfet.This is a key condition for the reduction of identified by mass spectromettyand the delivery of H was
nitrite, requiring its coordination and proton-assisted dehydration quantified through a pH-stat titration. Under excess of hydrazine,

Fe(CN}H,0* + N,O + NH, + H' (1)

The formation of ammonia appears as of high mechanistic

leading to an PeE-NO" species in a fsystem with low-spin

configuration’ This occurs also for the initial steps in the reactivity

of the nitrite reductase enzymes.

Fe(CN}N,H,* is formed!* Consumed hydrazine, measured by
titration, agrees with eq 1.
The rate law, measured through the buildup of products,

We show that nitrite can be catalytically reduced in several Fe(CN}H,O®" and NO, was: v = Kex, [FE(CNENO?"] [N oHy].

steps, starting with coordination to Fe(GN)O?", acid-base
conversion to Fe(CNINO?>~ (a well-recognized hypotensive

Figure 1 shows the dependencekgf, on pH, according tokex,
= Knyad{ 1 + [H*]/Kg}, whereK, corresponds to Ms * <> NoH,4

agent}® and further attack by hydrazine. The nucleophilic + H*, andkyq relates to the reactivity of ..

reactivity of hydrazine toward NQ promoting nitrosation in

A very good fit to the rate law was found by taking{p=

competition with outer-sphere reductions, has been considered8.1, in agreement with the literature value, 8@hdkyyqr = 0.40

in the studies of dissimilatory nitrite reductaseésAlthough

hydroxilamine’ azide! and ammoni&were used as nucleophiles

with Fe(CN}NO?-, strikingly, hydrazine was ndtThe reactivity
of hydrazine is interesting in its own rightand the mechanism

+ 0.02 Mt s71 (25.0°C); the results also show thatMs* is
unreactive. Activation parameters (pH 9.2) werst*= 26.8+
0.2 kJ mot!, AS = —163+ 5 J K1 mol.

The results can be included under a general mechanistic

of its addition reactions to several complexes, as well as to nitrous framework, operative for the reactions of nitrosyl-complexes with

acid, remains an open subjégto1!

We first present a stoichiometric, kinetic, and mechanistic study

different nucleophiles, B:

of the reaction of pentacyanonitrosylferrate(ll) with hydrazine. Fe(CNLNOzf +B <—>{Fe(CN},N027-B} .
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11, we discard OHas a nucleophilic hydrazine competitéin ' ' ' ' ' '
reaction 2, either the forward rate of nucleophilic addition, or 1or
any elementary step associated to adduct decomposition could
be rate-determining. We favor the first assumptionkgs and 0.8 -
the activation parameters are consistent with the results for other
nucleophileg: 1516

The adduct can be described a§(BlC)sFe—N(O)NH,NH_}
species, which rapidly deprotonates at the binding-nitrogen of
hydrazine!” The stoichiometry requires the migration of the
second proton to the remote N-atom of hydrazine, followed by a
cleavage of the single NN bond in hydrazine and delivery of
ammonia. The resulting [Fe(CM,O]*" is unstable toward
dissociation. A strong mechanistic evidence is given by an
experiment with labeled Fe(CHINO?:18the mass profile shows 0 5000 10000 15000 20000
unequivocally that®N appears only at the #0 gas (butnot at time/s
NHz) and that the label remains at the central N atom, the one Figure 2. Hydrazine decay vs time in different reaction conditiohs=
bound to O. 25.0°C; | = 1 M, NaCl; [NzH4]o = 1.3 x 1072 M; [Fe(CN)H,0%] =

The reaction of [RU(NH;)sNOJ** with hydrazine led to O 1.3x 103 M. (V) pH 9.2; [NO; ] 0.04 M. (O) pH 7.0; [NG;] 0.12 M.
and N, but no ammonia was founid? the trans-[M(pdma),Cl- (2) pH 10.2; [NG]1 0.12 M. Q) pH 9.2; [NG,] 0.12 M.
(NO)]?" (M = Ru,Os; pdma= o-phenylenebis(dimethylarsine))
complexes led to azide formation as a bound ligand, wita$\ Scheme 1
byproducti®®¢ In the reaction of HN@ with N,Hs", at pH 1, [Fe"(CN)sNOJ>
hydrazoic acid, HY was obtained quantitatively.The yield of +2H
HNj3 decreased with increasing pH, together with formation of -H:0 o oH - NP
equal amounts of Niand NO. Stedman proposed two alternative -R0 * NHz-NH:
routes for the decomposition of the nitrosohydrazine intermediates:
11 (a) one leading to Nk N,O (k;) and (b) the other to HNH- [Fe'"(CN)sNOJ* {Fe"(CN)sNO.NH,NH,}*
H,O (k[H]). This explains some confusing results in the _HO
literature showing the appearance of complex mixtures &,N \Noz

{1-[NH VINH L}

NHz, N2, and HN;*® further reactivity of azide with NO, leading - NO;” ~N2O, NHs, H"
to N> and NO, must be also considerétiThe behavior of the [Fe"(CN)sH,0* + O

Ru and Os complexes could be interpreted on this basis. To our
knowledge, this is the first report on rigorously quantitative results
for Stedman’s prediction of hydrazine nitrosation evolving through

the exclusve route a. o s L
The different reaction modes of nitrosyl in the Fe, Ru, and Os Fe!(CN)sH,0°~ and the dissimilatory nitrite reductaseghe
enzyme promotes NO release from the initiallly N®ound

complexes may depend on the metal and coligands (both influence

the NO electron density and thus the reduction potential at the COMPIeX, but nitrosation reactions of nucleophiles are also
nitrosy! site through the—z interactionsf® However, after the catalyzed. We did not focus on the reductive one-electron step

removal of both protons from the binding N-atom. the overall '€ading to NO;22but we emphasize on a nitrosation reaction

charge on the electrophile can be determinant: the positive charg h%t seems to parallel the lenzyme be?a%o%;%ctlonhl,
of the Ru and Os complexes facilitates proton loss from the ydrazine promotes a two-electron transfer to™ neither

terminal nitrogen and water removal, leading to bound azide. With NO nor NO intermediates are detected. There is no need of
Fe(CNYNOZ-, the protons are retained, and ammonia is released additional reductants, as claimed for the enzyfii,O appears
after a heterolytic cleavage of the-# bond. ?sg q?usualgp:r?ducttpf hlydrhazme o><|dat|(;n, ngfhh ?(inze_r(‘j’:ﬂly l?k?-ds
Figure 2 shows the catalysis of nitrite reduction, measured by 0 dinitrogen Interestingly, however, we found that 4, 1rT211e
the consumption of hydrazine, under controlled conditions. High yllhydrazme promgtes a pne-el_ectron reduct|pn HEB)NO™.
guantities of free nitrite can be processed if enough hydrazine is Finally, we Shov‘.’ that nitrosation O.f hy_drazme may be a general
present. pHs around-9L0 and an excess of nitrite over hydrazine route to ammonia in h_ydrazme QX|dat|0ns. The widely accepted
favor the catalytic process. The latter (Scheme 1) depends on theProPosal that ammonia prqqucsnon occurs only for one-electron
lability of the Fe-L bond in the Fe(CNL™ ions (L = H,0,  oXidants needs to be modifiéd:
NO,~, N,O, N;Hy4), and on the fast conversion of bound nitrite Acknowledgment. We thank the National Agencies (Conicet and
to NO*'. At pH = 11, unreactive N-bound nitrite is predominant. Anpcyt) and the University of Buenos Aires for support. V.T.A. and
Although hydrazine and ammonia could inhibit the reaction J.A.O.are members of the scientific staff of Conicet. Valuable comments
through binding to the iron site, the equilibrium picture favors from Professsor David Stanbury (Auburn University) are gratefully
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otherwise the predominant,Ns* ion would be unreactive, as
stated above.
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