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The reactions of sodium nitrite with sodium dithionite and sulfoxylate ion were studied in the presence of iron(lll)
tetrasulfophthalocyanine, Fe'"(TSPc)®~, in aqueous alkaline solution. Kinetic parameters for the different reaction
steps in the catalytic reduction by dithionite were determined. The final product of the reaction was found to be
nitrous oxide. Contrary to this, the product of the catalytic reduction of nitrite by sulfoxylate was found to be
ammonia. The striking difference in the reaction products is accounted for in terms of different structures of the
intermediate complexes formed during the reduction by dithionite and sulfoxylate, in which nitrite is suggested to
coordinate to the iron complex via nitrogen and oxygen, respectively. Sulfoxylate is shown to be a convenient
reductant for the synthesis of the highly reduced iron phthalocyanine species Fe'(TSPc*)®~ in aqueous solution.
The kinetics of the reduction of Fe'(TSPc)®~ to Fe!(TSPc*)®, as well as the oxidation of the latter species by nitrite,
was studied in detail.

Introduction recently shown to be the first step in the catalytic reaction
between sodium dithionite and sodium nitriteThe final
product of the reaction was found to be ammonia. Contrary
to the reduction of nitrite, the products of the catalytic
reduction of nitrate were found to be dinitrogen and nitrous
oxide. The striking differences in the reduction products of
nitrite and nitrate are explained in terms of different structures
of the intermediate complex formed between' @bthalo-
cyanine and the substrate, in which nitrite and nitrate are
suggested to coordinate via nitrogen and oxygen, respec-
tively.

The possibility of different coordination modes of nitrite

Phthalocyanine complexes are effective catalysts for a
variety of reactiond.® The chemical, electrochemical,
photochemical, and radiolytic reductions of metallophtha-
locyanines strongly depend on the nature of the central metal
atom!%!1For the Cu, Ni, and metal-free compounds, the data
show that the reduction involves only the ligaid=or the
Co and Fe complexes, the first step of the reduction yields
Cd and Fé& respectively’® 12 The reduction of Cb tetra-
sulfophthalocyanine, C¢TSPc}-, to the Cb complex was
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tant from the copper cofactor. Comparison of this structure
with a refined nitrite-bound crystal structure indicates how
coordination can change between coppexygen and
copper-nitrogen during catalysis.

Despite the significant progress in the understanding of
the mechanisms of catalytic nitrite reductions, several
problems remain unresolved. One of them is how the type§
of reductant influences the rate of the overall reduction of
nitrite and the composition of the products. In continuation
of our studies on the reactions catalyzed by metallophtha-
locyanines, here we report kinetic data and their mechanistic
interpretation for the reaction between sodium nitrite and
sodium dithionite or sulfoxylate in the presence of iron(lll)
phthalocyanine. Thiourea dioxide (TDO) served as a precur- %0
sor of sulfoxylate® The reported data demonstrate the A, om
d!StI.nCt.Ive differences in the re_actlwty of sulfoxyle}te and Figure 1. UV—vis spectra of F&(TSPc§~ (8.6 x 1076 M, solid line),
dithionite and enable a comparison of the role of iron and rdi(Tspcj- (8.6 x 106 M, dashed line), FETSPcF~ (6.2 x 1076 M,

cobalt phthalocyanines in the catalytic reduction of nitrite. ?otted IinE).)and PETSPc)® (4.3 x 107® M, thick solid line) at pH 13
0.1 M KOH).
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Experimental Section recorded were limited by the dead time of the stopped-flow

Materials. Sodium nitrite, sodium dithionite (85% grade), and instrument at higher dithionite concentrations and tempera-
thiourea dioxide (TDO) were obtained from Aldrich and used as tyres), i.e.,
received. Iron(lll) phthalocyanine was prepared and purified using
a literature method’ BIS-TRIS, TRISINE, and CHES buffers were Kopsds= k1[52042_] (1)
used to control the pH. N&NO, (95% 5N grade) was used for
15N NMR analysis. Oxygen-free nitrogen was used to deoxygenate The value ofk; at pH 8.06 and 25C is (2.634 0.09) x
solutions. Ultrapure water was used in all measurements. 103 M- s7%. The first-order dependence on dithionite
Kinetic Measurements and Instrumentation. Conventional concentration indicates that direct reductiondfy S0,
kinetic experiments were performed on a Cary 1 or Cary 5-UV occurs and does not involve the monomeric species SO

vis spectrophotometer under anaerobic conditions. No salt wasf di tion 2. Eurth hanistic inf i
added to control the ionic strength. The data were analyzed using ormed in reaction 2. Further mechanistic information can

Origin 6.1 and SPECFIT software. A thermostatetO(1 °C) — _
Applied Photophysics SX 18MV stopped-flow spectrophotometer S0, =280, (2)

with an optical path length of 1.0 cm was used to follow the faster . L .
reactions. High-pressure stopped-flow experiments were performed?€ obtained from the thermal activation parameters which

at pressures up to 130 MPa on a custom-built instrument describedvere determined from the Eyring plot over the temperature
previously® and analyzed with the OLIS KINFIT (Bogart, GA, range 5-30°C. The values oAH” andAS” were found to

1989) set of programg5N NMR measurements were performed be 464 3 kJ mol! and+234 11 J K2 mol™%, respectively.
using a Bruker Avance DRX 400 WB spectrometer equipped with |t is known that both 80,2~ and SQ, in general, act as

a superconducting BS-94789 magnet system at 40.56 Miz.  outer-sphere reductari®? Our data do not contradict this
chemical shifts were referenced externally to neat nitromethane. conclusion. Although such a reduction byC&~ is not
D20 (99%) was used as a solvent for all NMR measurements.  ¢ommop! (more frequently, the actual reductant is the sulfur
dioxide anion radical S§), it occurs, for example, in

Results and Discussion .
ferricytochrome c,?> Fe(CN)}®*~,%® and some Cb& com-

Reaction of Sodium Dithionite with Iron Tetrasulfo- plexes!®
phthalocyanine. The reaction of an excess of sodium The second reduction step is accompanied by a color
dithionite with iron tetrasulfophthalocyanine, 'H@ SPc§, change of the solution from blue to brown and is much

is accompanied by two consecutive color changes. The firstslower than the first. Absorbance maxima at 480 and 712
is a very fast change from green to blue. An intense nm appear with simultaneous disappearance of the maximum
absorption maximum appears at 671 nm (Figure 1). This at 671 nm (Figure 1). This spectrum is very close to that
spectrum is essentially identical to that repotetbr reported for Fe tetrasulfophthalocyaning. The rate of
Fe!(TSPc}. The rate of reduction of the Fecomplex was reduction of the Pecomplex determined from the increase
found to show a linear dependence on the dithionite in the absorbance at 480 nm depends linearly e®/5]%5
concentration (Supporting Information Figure S1; the data ( Supporting Information Figure S2). This observation shows

(16) Makarov, S. V.; Kudrik, E. V.; van Eldik, R.; Naidenko, E. ¥.Chem. (19) Mehrotra, R. N.; Wilkins, R. Glnorg. Chem.198Q 19, 2177.
Soc., Dalton Trans2002 4074. (20) Tobe, M. L.; Burgess, Jnorganic Reaction Mechanismsongman

(17) Weber, J. N.; Busch, D. Hnorg. Chem.1965 4, 469. Inc.: New York,1999 p 475.

(18) (a) van Eldik, R.; Palmer, D. A.; Schmidt, R.; Kelm, lHorg. Chim. (21) Tsukahara, K.; Wilkins, R. GI. Am. Chem. So0d.985 107, 2632.
Actal1981 50, 131. (b) van Eldik, R.; Gaede, W.; Wieland, S.; Kraft, (22) Lambeth, D. O.; Palmer, G. Biol. Chem.1973 248 6095.
J.; Spitzer, M.; Palmer, D. ARev. Sci. Instrum.1993 64, 1355. (23) Scaife, C. W. J.; Wilkins, R. Gnorg. Chem.198Q 19, 3244.
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that the reduction process is consistent with eq 3, wkere 1.0
is the second-order rate constant for the reaction of SO 05
0,0
Kopsz= IoK*TS,0,771%° 3) '0:5':
-1,0 -

with the Fé complex andK is the equilibrium constant for 45 l_*’/_‘——/
dissociation of 80,>~ (reaction 2, viz., 1.4« 107° M at 25 220

Ink

°C).21 Using the values ok.s and K, a rate constank,
can be estimated from the dependenck,gbon [$0427]°°
(Supporting Information Figure S2k, = 225+ 18 M?
s tat 25°C. To the best of our knowledge, this is the first
time the rate constant for the reduction of the/ Eemplex
by the SQ~ anion radical to the corresponding' Eemplex
has been determined' °0 0 I 2IO ' 4I0 ' 6I0 I SIO I 1(IJO ' 150 ' 11I10
Reaction of Sulfoxylate with Iron Tetrasulfophthalo- Pressure, MPa
cyanine. The use of sulfoxylate as a reductant leads to Figure 2. Plots of Inkobs1and Inkops2vs pressure for the reaction between
substantial changes in the reaction. It should be noted thatre!(TSPc}~ and sulfoxylate: triangles represent the first stage, and squares
“aged” alkaline solutions of TDO were used to produce rgpreser_]t the second stage at H3 (0.1 M KOH). Best fits oflthe data
sulfoxylate (herein, the term aged means solutions stored for("es) 9VeAV™1 = 12+ 2 andAv7z = =55 0.6 cnf mol™
4—24 hin 0.1 M NaOH under anaerobic conditio%Yhis
provides a possibility to prevent the influence of the
decomposition of TDO to sulfoxylate (H$Oor SGQ?") and
urea and to study the reaction of sulfoxylate with FeSPcy .
The N-containing product of TDO decomposition, viz.,
urea?* does not affect the redox process. Importantly, in the redox mechanism operates.

case of sulfoxylate, the reaction does not stop with the Fe For reduction of the Feomplex, bothAH= andAS* have
complex as the final product. After the appearance of the substantially higher values (1@4 2 kJ mof? and —139+
absorption maxima at 480 and 712 nm'(Eemplex), the 5 J K- mol?, respectively; see Supporting Information
red shift of the first and the gradual disappearance of the Figure S7) than those for the reduction of F&he value of
second maxima are observed (the final spectrum is shownzy/=is —5'5+ 0.6 cn® mol-* (Figure 2). The small negative

in Figure 1). The color of the solution turns red. Because e ofAV= can seemingly be explained by solvation effects
the rates of formation and reduction of the 8emplex differ — oc5se the transition state has a larger negative charge and,
substantially (Supporting Information Figure S3), it IS a5 5 consequence, is more effectively solvated. These data
possible to study them independently using the absorptiongy,,y that the change in the iron redox state leads to drastic
maximum qt 712 nm. ) . . changes in the mechanism of reduction. Indeed, the increase
The kinetics of reduct|.on qf iron tetrasulfophthalocyanine ;1 the overall negative charge on the iron complex leads to
by sulfoxylate was studied in 0.1 M NaOH under pseudo- qonger electrostatic repulsion with negatively charged
first-order conditions with an excess of sulfoxylate. The g toxviate. Ft itself, has a large negative charge; therefore,
reduction of the F& complex proceeds very quickly and e attack by nucleophilic sulfoxylate will be difficult. In
could not be studied using stopped-flow techniques. The ratesaddition, FTSPCY, being a low-spin comple% has a low
of both subsequent reactions (FBSPc}~ to Fe(TSPcy reactivity in ligand substitution reactions. Thus, the data
and FTSPcj~ to FE(TSPc)®") depend linearly on the  entioned above show that the most plausible mechanism
concentration of sulfoxylate (Supporting Information Figures ¢, the reaction between the Feomplex and sulfoxylate is
S4 and S5) because sulfoxylate is the only sulfur-containing 4, oy ter-sphere electron transfer from sulfoxylate to the
product of the decomposition of TDO in deoxygenated, tetrasulfophthalocyanine ligand.
strongly alkaline solution¥ Because it is stable in these Reaction of Sodium Dithionite with Sodium Nitrite in
solutions, its concentration is assumed to be equal to they,o presence of Iron Tetrasulfophthalocyanine. The

initial concentration of thipurea dioxide._ Fo_r reduction of catalytic reaction was studied at 315 nm for [Najic>
the Fé complex, the following thermal activation parameters [Na,S,0] (direct reaction between dithionite and nitrite does

were fourij:AHi =62+ 3kmolandAS” = 21+ 8 not proceed with measurable rates in alkaline solutions at
J K"t mol™ (Supporting Information Figure S6). The volume 15-50 °C) 16 Although nitrite also absorbs at 315 nm, its
of activation was determined from the pressure dependence

-2,5

-3,0- = —— —l—
-3,5

-4,0 4
4,5

determining step. For reactions betweet &@mplexes with
porphyrin-like ligands and weak nucleophiles, for example,
water, pyridine, and pyrazine, a dissociative mechanism was
observed®26 Our data show that, in the case of a strong
nucleophile such as sulfoxylate, an associatively induced

of the rate constant\\V* = —12 4 2 cn?® mol™?, Figure 2). (24) Svarovsky, S. A.; Simoyi, R. H.; Makarov, S. ¥.Chem. Soc., Dalton

1 i Trans.200Q 511.
The small negative value Qﬁs: and the large negatlve.value (25) Kudrik, E. V.; van Eldik, R.; Makarov, S. \Dalton Trans.2004
of AV* suggest an associative process (A ankechanism) 429,
presumably due to inner sphere reduction of tHedeenplex, (26) Sa)cl;ennegi, G-;DErltt:ola?, C;g%%ciqg,?P(.g )Blrgunori,M,.\jl Mgnacelli_, F.
. H [ . em. S0cC., balton lran . runort, ., rPennesl,
in yvh|ch the associative att.a.ck of the strongﬁChucleo— G. Ercolani, C.: Monacelli, FJ. Chem. Soc.. Dalton Trand99Q
phile on the electron-deficient fFecenter is the rate- 105.
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Figure 4. pH dependence of the rate of nitrite (0.056 M) reduction by
dithionite (3 x 1074 M) in the presence of F¢TSPcy~ (4.3 x 1076 M).
Experimental conditions: 2%C, 0.1 M BIS-TRIS buffer (pH #7.5), 0.1

M TRISINE buffer (pH 7.6-8.7), and 0.1 M KOH (pH 13).

Figure 3. Plot of kepsa VS [NO,7]? for the reaction between sodium
dithionite and sodium nitrite in the presence of @e&SPcf~ (4.3 x 10°¢
M). Experimental conditions: 0.1 M TRISINE buffer, pH 8.06, 25°C,
[S20427] = 2.8 x 104 M.

molar absorbance coefficient (11 ®cm™) is much lower

than that for dithionit&’ (8043 M~* cm™1). Because NaN©

was used in excess, changes in its absorbance at 315 nm
during the reaction are negligible. Therefore, the observed
decrease in absorbance at 315 nm is associated with a
decrease in the dithionite concentration (Supporting Informa-
tion Figure S8). The rate of the reaction depends linearly on
[NaNG;)? (Figure 3). Therefore, the overall reaction for nitrite
reduction by dithionite may be written as

320427+2N027_)280327+2NO k4 (4) T l T ! w ‘ | " T “‘. \ IV“ H
300 200 100 0 -100 -200 -300 ppm

Importantly, under the same conditions, the catalytic
reduction of nitrite proceeds much faster than the reduction
of the F¢ complex by dithionite (Supporting Information
Figure S8). Thus, reduction of F¢o Fé tetrasulfophthalo-
cyanine does not play an important role in the catalytic
reduction of nitrite.

The pH dependence of the observed rate constant is shown
in Figure 4. The data indicate that the reaction is substantially
accelerated in more acidic media. Unfortunately, we could
not determine the i, value of coordinated nitrite nor the
rate constant for reduction of protonated nitrite because, in
acidic media, dithionite is unstable and decomposes auto-
catalytically?® However, the data in Figure 4 show that, as | | w T w
in the case of CHTSPc},13 the most plausible role of the ~_ ~*°° ~130 200 ~230 bem

. . L . Figure 5. 15N NMR spectrum of the products of the reaction between
catalyst is to shift the reaction into a more alkaline pH range, sodium dithionite and an excess of 140, in 0.5 M NaOD in O in the
i.e., to increase thelf of the conjugated acid of the nitrite  presence of F&(TSPc~ (1 x 1073 M).
coordinated to the metal center.

The analysis of the reaction products has been performed
using*>N NMR spectroscopy. In th®N NMR spectra (see
Figure 5), four new signals were observed at 16456.3,
—217.1, and—236.5 ppm. The first signal corresponds to
coordinated nitrite, the second and fourth correspond,@® N
(nitrous oxide has signals atl47.3 and-237.0 ppm in the

gas phase’’ and the most intense, third signal seemingly
corresponds to the nitrosyl complex of "F€ESPc}~. The
presence of BD signals and the absence of signals corre-
sponding to free or coordinated ammonia (they are located
in the —280 to—400 ppm regionf3°show that the reaction

of nitrite with dithionite catalyzed by iron tetrasulfophtha-
locyanine proceeds with formation of nitrous oxide, which
differs drastically from the reaction catalyzed by'T&Pc*

(27) McKenna, C. E.; Gutheil, W. G.; Song, Biochim. Biophys. Acta
1991, 1075 109.

(28) Cermak, V.; Smutek, MCollect. Czech. Chem. Commui®75 40, (29) Mastickhin, V. M.; Mudrakovsky, I. L.; Filimonova, S. \Chem. Phys.
3241. Lett. 1988 149, 175.
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The most plausible explanation for this is the difference in ™77 00 o : e 2en 300 .

the structure of the intermediate complex formed between
Fe!'(TSPc}~ or Cd(TSPcy and the substrate, in which
nitrite is suggested to coordinate via oxygen and nitrogen,
respectively. Although, in iron porphyrin complexes, nitrite
always binds through the nitrogen atom to form nitro com-
plexes$' O-coordination of nitrite is known for iron com- 300 200 100 0 Tloo | 200 -300 " pm
plexes with a ligand such as tris(3,5-dimethylpyrazolyl)bor- Figure 6. 5N NMR monitoring of the reduction of N&NO, with an
ate32 as well as for ruthenium and manganese porphyrin Sys- excess of sulfoxylate in 0.5 M NaOD i,D |n the presence of Feé‘l_’SPc}**
a1 . : (1 x 1073 M) at pH 13.6. (a) After addition of thiourea dioxide to the

tems”* Unfortunately, so far no structural information on ¢ iion (1196 scans). (b) After 26 h (2500 scans). (c) After 65 h (986
metallophthalocyanine complexes with nitrite has been re- scans).
ported. However, because phthalocyanines are known to be
stronger electron acceptors than porphyrins, it is reasonablebelow). It should be noted that, in the absence of the catalyst,
to assume that, in the complex of 'F€SPc}~ with NO,™, sulfoxylate very slowly reduces nitrite to,Nwhereas in the
coordination via oxygen occurs. The overall scheme for cata- presence of the catalyst, nitrite is reduced tosNIFurther-
lytic reduction of nitrite by dithionite may be formulated as more, no spectral changes are observed during the catalytic
shown in Scheme 1. It should be noted that dithionite disso- cycle. If all of the sulfoxylate reacts with the excess of nitrite,
ciates into 2S@ and therefore requires two catalytic cycles then the Fe(ll) complex is formed. However, the HYuis
with nitrite for each dithionite molecule, which results in spectra are not that characteristic because of the interference
the square dependence observed for the nitrite concentrationof other potential nucleophiles present in the solution. It can

Reaction of Sulfoxylate with Nitrite in the Presence of ~ therefore be concluded that the mechanism of catalytic
Iron Tetrasulfophthalocyanine. It is known that sulfoxylate ~ reduction by sulfoxylate in the presence of the iron complex
slowly reduces nitrite to nitrous oxide and dinitrogen in is very similar to the reduction by dithionite in the presence
strongly alkaline solution¥ The presence of iron tetra- of Cd'(TSPc} . In both cases, the final product is ammonia.
sulfophthalocyanine leads to substantial changes in theConsequently, it is reasonable to assume that, in the
reaction mechanism, as manifested by significant changesintermediate complexes, nitrite coordinates via nitrogen.
in the observed reaction products. The result$RfNMR From a comparison of the results for reduction by
studies show that the final product of the catalytic reduction dithionite and sulfoxylate, it should be noted that, because
of nitrite is ammonia (signal at362 ppm; Figure 6). The  protonated sulfoxylate (HSO) can disproportionate in
15N NMR spectra in Figure 6 also indicate the formation of weakly alkaline solution& we could not study its reactions
an intermediate at-130 ppm, which could be due to atpH 10 asin the case of dithionite. Therefore, the influence
coordinated hydroxylamine, the most stable intermediate in of the pH of the solutions used for reduction by dithionite
this reaction. Contrary to reduction by dithionite, the color and sulfoxylate cannot be excluded completely. Because iron-
of the reaction mixture during the course of the catalytic (Il) phthalocyanine forms a relatively stable complex with
reaction of nitrite and sulfoxylate is brown (Feomplex) NO,3*we assume that nitric oxide undergoes an inner-sphere
and not blue (Fecomplex). This observation indicates that, reduction reaction. The overall scheme for the catalytic
because sulfoxylate reduces'Re Fé rapidly (see above),  reduction of nitrite by sulfoxylate may be written as shown
the latter species participates in the catalytic cycle (i.e., in Scheme 2.

further reduction of the Fecomplex proceeds slowly; see  ynfortunately, we could not study the detailed kinetics of
(30) (a) Martin, G. J.. Martin, M. L. Gouesnard, J-PN NMR the catalytic reaction between sulfoxylate and nitrite because

SpectroscopySpringer-Verlag: Berlin, Heidelberg, Germany, 1981:  Of its complexity. Not only sulfoxylate but also the product

382 pp. (b) Anderson, L.-O.; (Banus) Mason, J.; van Bronswijk, W.  of its one-electron oxidation, the anion radical SQOcan
J. Chem. Soc. A97Q 296. (c) Chen, Y.; Lin, F.-T.; Shepherd, R. E.

Inorg. Chem.1999 38, 973.

(31) Wyllie, G. R. A.; Scheidt, W. RChem. Re. 2002 102,1067. (33) Makarov, S. VRuss. Chem. Re2001, 70, 885.
(32) Arulsamy, N.; Bohle, D. S.; Hansert, B.; Powell, A. K.; Thomson, A.  (34) Ascenzi, P.; Fruttero, R.; Ercolani, C.; Monacelli,Ahalysis1996
J.; Wocaldo, Slnorg. Chem.1998 37, 746. 24, 316.

6474 Inorganic Chemistry, Vol. 44, No. 18, 2005



Catalyzed Reduction of Nitrite by Dithionite and Sulfoxylate
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participate in the reaction (see above). Besides this, at least
three possibly catalytically active species are simultaneously
present in solution.

Reaction of Fé(TSPc)® with Nitrite. A very interesting
aspect of the use of sulfoxylate is the possibility to study Figure 7. Plot of konssvs [NaNQy] for the reaction between K& SPc)s~
the reaction between nitrite and I(:@pc)fif_ The latter and nitrite as a function of temperature. Experimental conditions:=pH
species is of special interest for the activation of small 13 (0.1 MKOH), [FHTSPE)™] = 4.3 < 107 M.
molecules such as GG It should be noted, however, that  reduced iron complex ane-1 for nitrite). Obviously, the
FE(TSPc)®" has been much less studied that(F8Pcj -, observed kinetics may be explained in terms of an outer-
possibly because of difficulties encountered with its synthesis sphere electron-transfer mechanism.
via chemical methods in aqueous solution. In a known .
chemical procedure, sodium in tetrahydrofuran is used aSConcIusmns
the reductant! The only known method used for reduction Our results have shown that iron tetrasulfophthalocyanine
of FE(TSPcy~ to FE(TSPc)® in aqueous solution is is an effective catalyst for the reduction of nitrite by dithionite
radiolysisi! Therefore, the use of sulfoxylate (thiourea Or sulfoxylate in aqueous solutions. In the case of dithionite,
dioxide) is a promising method for chemical synthesis of the catalytic cycle includes a reversible reactiort] FeFe',
highly reduced forms of metallophthalocyanines. To prepare and reduction of the coordinated substrate. Surprisingly,
Fe(TSPc)s, a 3—4-fold excess of sulfoxylate was added reduction of nitrite by dithionite in the presence of iron and
to iron tetrasulfophthalocyanine and stored &h under cobalt tetrasulfophthalocyanines leads to the formation of
anaerobic conditions until the color changed from brown to different products, viz., nitrous oxide and ammonia, respec-
red. After that, the deoxygenated solution of nitrite was tively. This finding suggests that differences in the structure
mixed with the solution of PETSPc)s~. All experiments of the intermediate complex determine the composition of
were performed in 0.1 M NaOH. Rate constants were the reaction products. In our opinion, in the case of
determined from the decrease in absorbance at 500 nmF€'(TSPc}~, the unusual O-coordination of nitrite takes place
Because the reaction of sulfoxylate with!@SPcy~ pro- contrary to N-coordination in the GFSPcj~ — NO,~
ceeds approximately 6 times slower than the reaction of intermediate complex. Because sulfoxylate reduces the com-
Fe(TSPc)® with nitrite (rate constants at & are 255+ plex of F¢ to Feé much faster than dithionite, the 'F®mplex
18 and 1500+ 23 M1 s71, respectively; see Supporting Participates in the catalytic cycle. The reaction of nitrite with
Information Figures S4 and S5) and the ratio of [NaMO  sulfoxylate catalyzed by iron tetrasulfophthalocyanine pro-
[SO2]is ~100:1, the influence of the first reaction on the ceeds very similarly to the reduction by dithionite in the
oxidation of F{TSP¢)®~ is negligible. Control experiments ~ Presence of cobalt tetrasulfophthalocyanine. In both cases,
show that the direct reaction between sulfoxylate and nitrite the final product is ammonia, and in the intermediate com-
proceeds very slowly and does not influence the oxidation PI€X, nitrite coordinates presumably via nitrogen. Thus, the
of FE(TSPc)s~. It was found that rate constants depend Valence state of the metal in the intermediate complex with
linearly on the nitrite concentration (Figure 7). The reaction nhitrite determines the composition of the reaction products.
has relatively high positive activation enthalpy (873 kJ Contrary to dithionite, sulfoxylate was shown to be able to
mol-Y) and entropy (108+ 11 J K molY) values reduce FETSPcy to FE(TSPc)®. The reaction is proposed
(Supporting Information Figure S9). Unexpectedly, the to follow an outer-sphere electron-transfer process.
reaction rate does not depend on the applied presae ( Acknowledgment. The authors gratefully acknowledge
= 0.4 £ 0.6 cn? mol™') (Supporting Information Figure  financial support from a NATO Collaborative Linkage grant
$10). The absence of a kinetic saturation in the dependencgPST.CLG.979442) and a grant from the Russian Ministry
of the observed rate constant on the nitrite concentration of Education (E 02-5.0-345).
indicates that, if an intermediate complex betwee((TiS#c)°" Supporting Information Available: Plots of reactions of
and NQ" is formed, it is rather unstable. This is expected sodium dithionite, sulfoxylate, and nitrite with ¥ETSPcy-,
because both reactants, especially(F&Pc)~, are strong Fe!(TSPc}-, Fe(TSPcy~, and FTSPc)®. This material is
nucleophiles. Further difficulties are related to electrostatic available free of charge via the Internet at http:/pubs.acs.org.
problems (an overall large negative charge-a§ for the IC0505955
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