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Mechanistic Information on the Redox Cycling of Nickel(ll/11l) Complexes in the Presence
of Sulfur Oxides and Oxygen. Correlation with DNA Damage Experiments
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The reactions of the water-soluble complexes [Ni€&Rjvhere CR= 2,12-dimethyl-3,7,11,17-tetraazabicyclo-
[11.3.1]heptadeca-1(17),2,11,13,15-pentaene) and [NiKGH-C{PNkvhere KGH-CONH = lysylglycylhis-
tidinecarboxamide) with sulfite/Oand peroxymonosulfate have been investigated using spectrophotometric and
rapid-scan techniques. In most cases, the spectral changes suggest the formation of an intermediate Ni(lll) species,
followed by decomposition reactions which involve a back-reaction to Ni(ll). Only in the case of the [Ni€ER]
S(IV)—0;, system is the formed Ni(lll) species stable in solution. When sulfite and oxygen are used to oxidize
Ni(ll) to Ni(lll), the reaction is oxygen dependent and an induction period could be observed, whereas the use of
the strong oxidizing agent peroxymonosulfate resulted in no induction period and no oxygen dependence. In
addition, the oxidation of Ni(ll) to Ni(lll) was faster if peroxymonosulfate was used instead of sulfitéf@
[NiIKGH-CONH,] ™ complex reacts much faster with sulfite/&nd peroxymonosulfate than the [NiCR]does.

Rate constants for the oxidation process and possible reaction mechanisms, based on available literature data,
that can account for the observed kinetic observations in a qualitative way are presented, and the results are
correlated with previously obtained data on DNA modification using these systems.

Introduction observed that [NiICRJ~ (CR = 2,12-dimethyl-3,7,11,17-
tetraazabicyclo[11.3.1]heptadeca-1(17),2,11,13,15-pentaene) in
the presence of KHS£induced a guanine-specific oxidation
of DNA with SO,*~ being the reactive specié§ln a further
study the use of the [NIKGH-CONJ}i" complex (where KGH-
CONH; = lysylglycylhistidinecarboxamide) in the presence of
ambient Q@ and 100uM NaySO; resulted also in a guanine-
specific modification of DNAS This study represented the first
with sulfite including asthma, mutagenesis or comutagenesis, observ_atlon of DNA damage by aNi(ll) c_omplex_ in the presence
of sulfite and oxygen. Experiments with radical scavengers

and the ability to act as a cocarcinogenSulfite can also o R ;
undergo autoxidation to the very reactive peroxymonosulfate glemonstrated that H3Oand SQr~ are implicated as important

(HSO:) 3 intermediates in this proce$sand an overall reaction mech-

Although the mechanistic details of sulfite toxicity are not anism based on earlier restitsvas proposed.
completely understood, several studies have suggested sulfur

The metal-catalyzed autoxidation of sulfur(IV) oxides plays
an important role in environmental atmospheric chemistry (acid
rain formation), as well as in biochemistry. Human exposure
to sulfite arises either from inhalation of gQargely from
industrial emission$;3 or from ingestion of the aquated form,
SO2/HSO;™, that is present as a preservative in food, alcoholic
beverages, or drugst A number of toxic effects are associated

oxy radicals (S@~, SOy, or SG*7) as potential oxidants of 90
; ; ; ~ /_‘/< N—NHp
cellular components including cell membranes, proteins, and | O N N—<
DNA.172 The generation of these radicals from oxidation of N | N
sulfite can be catalyzed by enzyrfesr transition metal r\}—nln——N HoN* (CHY) N N {
complexed’12 or can be uncatalyzedt? Recently, it was (\/ﬁl\) ©o R (N
H
H
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of oxygen. The aim was to gain mechanistic insight into these oo
systems in order to contribute toward a better understanding of
the observed DNA damage in the presence of these reagents.
These complexes were selected for detailed study for two
reasons. First, both [NiCR] and [NiIKGH-CONH]" have
demonstrated interesting applications to DNA oxidation. The
[NiCR]?* complex is a convenient probe of DNA and RNA
structuré®21 because of its ability to mediate selective oxidation
of guanine residues in the presence of eithers?SI®, or
HSGs™. The nickel peptide complex, [NIKGH-CONH, carries
out similar guanine chemistry and additionally mimics an
important metal binding site in proteins containing the N-
terminal copper and nickel binding motif, XX#H.The chemistry 000 .
of this peptide complex with sulfite is of interest as a model of s 400 P
nickel and sulfite cotoxicity® Second, these two complexes,
by virtue of their different redox potential8 were expected to
behave differently with respect to their mechanisms of sulfite
autoxidation. Here, we report direct spectroscopic evidence for
the redox cycling of the Ni(ll/lll) complexes, which represents
an essential aspect of the catalytic function of these species.
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Chemicals of analytical reagent grade (Merck, Fluka, and Aldrich)
and deionized ultrapure water were used to prepare all solutions. A
phosphate buffer (N6IPOJ/KH,PO,) was used to adjust the pH at 6.5,
and NaCl, to adjust the ionic strength. Samples of [NiCRind
[NIKGH-CONH_;]* were prepared as reported in the literattfre.

UV —visible spectra were recorded on a HP 8452A diode array
spectrophotometer or on a Shimadzu UV-2102/3102PC spectropho-
tometer. Rapid scan measurements were performed on a Bio Sequential  ©0.000 ¢ , .
SX-17MV stopped-flow reaction analyzer from applied photophysics 100 200 300 400 S00
equipped wih a J & M detector connected to a TIDAS 16-416 Figure 1. (a) Top: Spectral changes recorded for the reaction of
spectrophotometer. Stopped-flow measurements were performed on gNiCR]2" with sulfite in oxygen-saturated solutions. [[NiCR] = 1.25
Bio Sequential SX-18MV stopped-flow spectrophotometer. In general, x 1074 M; [S(IV)] =1 x 103M; | = 0.2 M; pH=6.5;T = 25°C;
all kinetic traces were recorded at least&times, and the reported At = 1 min. (b) Bottom: Absorbaneetime traces for the reaction of
rate constants are the average values calculated for the series ofNiCR]?" with sulfite in oxygen-saturated solutions at different sulfite
measurements (error limit between 5 and 10%). concentrations. Key: (1) [S(IV)E 1 x 103 M; (2) [S(IV)] = 2 x

102 M; (3) [S(IV)] = 4 x 1072 M; A = 390 nm.

systems and then go into a more detailed discussion of the
The redox behavior of the Ni(Il) complexes in the presence suggested reaction mechanism.

of HSO;/SO2~/0, and HS@~ was studied spectrophotometri- [NICR]2"/HSO37/S0Os27/0, System.The reaction between
cally using rapid-scan and stopped-flow techniques where [NiCR]2" and excess sulfite was first studied in the presence
required. Earlier work on these systems revealed spectralof air- and oxygen-saturated solutions at g+6.5 (NaHPQy/
evidence for the formation of an intermediate Ni(lll) complex, KH,PQ, buffer) using a tandem cuvette. The S(IV) concentration
which exhibited a characteristic absorbance band at 36¥nm. was varied, whereas the [NiCR]concentration (1.25 104
The formation and decay of such intermediate species as aM) and the ionic strength (0.2 M with NaCl) were kept constant.
function of the selected experimental conditions were studied In an air-saturated solution and in the presence of 1 mM S(1V),
in a time-resolved manner in the present study. The observationsa very slow increase in absorbance around 390 nm was
enable us to draw some important mechanistic conclusions. Weobserved. The absorbance vs time trace clearly showed an
first present the general results obtained for the different reactioninduction period, and the maximum absorbance was reached
after ca. 6 h, which remained constant over a period of 25 h at
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room temperature. These spectral changes were interpreted as
evidence for the slow formation of a stable Ni(lll) complex
under these conditions.

In oxygen-saturated solutions the reaction is much faster and
over within 200 s. Figure 1a shows that the formation of the
Ni(lll) band at 390 nm, with small shoulders being formed at
430 and 500 nm, is complete within minutes. Stopped-flow
measurements were performed at various S(IV) concentrations,
for which some typical absorbance vs time traces are reported
in Figure 1b. The overall absorbance increase and the formation
of Ni(lll) strongly depend on the selected sulfite concentration
and reach a maximum at 2 mM sulfite. The traces show typical
autocatalytic behavior with an induction period that decreases
from ca. 90 to ca. 20 s on increasing the sulfite concentration
from 0.5 to 4 mM. Following the induction period, a stable Ni-
(1l1) complex is formed with a pseudo-first-order rate constant
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that is independent of the sulfite concentration and has an o040
average value of (1.2 0.1) x 10-2s 1 under these conditions.

It should be noted that the kinetic traces reported in Figure 1b
strongly depend on the selected experimental conditions, 0,030
especially the ratio of the sulfite and oxygen concentrations,
and that spontaneous slow decomposition reactions interfere with
the reproducibility of the kinetic traces. Variation of the
[NiCR]?* concentration in the presence of an excess of sulfite
had no significant influence on the observed rate constant.
Addition of excess sulfite to the produced Ni(lll) complex
resulted in an absorbance decrease and a shift in the absorbance
maximum from 390 to 430 nm. The latter spectral changes are 0005
assigned to the reduction of Ni(lll) to Ni(ll) accompanied by . ‘
the oxidation of the CR ligand (see further Discussion). 50 400 450 500 550 600

The induction period clearly shows an initial small absorbance wavelength/nm
decrease, which could suggest that the reaction may be initiated
by the presence of trace concentrations of Ni(lll) in solution.
The decrease in the induction period with increasing sulfite
concentration as reported in Figure 1b suggests that Ni(lll) is
reduced by sulfite to Ni(ll) to initiate the autoxidation reaction
(see suggested reaction mechanism). The rate of this process is
expected to depend on the sulfite concentration employed.
Experiments performed in the absence of oxygen (i.e. Ar-
saturated solution) also showed this initial decrease in absor-
bance, however, without the subsequent formation of the Ni(lll)
band. Efforts to increase the Ni(lll) concentration of the test
solution via addition of some of the product solution to fresh
starting solutions revealed no significant influence on the
observed kinetic trace in the presence of oxygen. The source
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of the initial Ni(lll) present in solution is presently unknown. 350 400 450 500 550 600
It could originate from trace impurities of Fe(lll) present in the wavelength/nm

chemicals used to adjust pH and the ionic strength, as has been

suggested for the Mn(ll)-catalyzed autoxidation of sufite. 012

Alternatively, the initial absorbance decrease may also be related
to the formation of a complex between [NiCR]and sulfite
prior to the oxidation process (see further Discussion).
[NICR]2"/HSO57/0O, System.[NiCR]?" reacts significantly
faster with HS@™ to form the Ni(lll) species than with sulfite
in the presence of oxygen. The repetitive scan spectra in Figure
2a,b, recorded at a low and high concentration of EHSO
respectively, along with the absorbance vs time traces in Figure
2c, show that the formation of the Ni(lll) band at 400 nm (and
shoulder at 500 nm) is complete within a few seconds at high
HSG;~ concentration. No clear induction period was observed, .
and the fast oxidation process is followed by a slow decomposi- 0.00 . ) . . \ \
tion reaction, which apparently involves a back-reaction to the
Ni(ll) complex. The latter reaction is very slow and proceeds
only partly at low HS@  concentration, whereas almost a Figure 2. (a) Top: Rapid-scan spectra recorded for the reaction of
complete redox cycling of the Ni(lll) complex is observed at [NiICR]** with peroxymonosulfate in oxygen-saturated solutions.
high HSG~ concentrations. The final spectrum only shows a [NICRI*T= 1.25x 107 M; [HSOs ] =1 x 10 2 M; | = 0.2 M; pH
broad band/shoulder around 430 nm. This red shift in the product = 6-3: T = 25°C; At = 2s; optical path length 0.2 cm. (b) Middle:

. . . . Same except [HSQ] = 5 x 10% M, At ~ 1 s. (c) Bottom:
spectrum may be consistent with the overall process involving, spchance-time traces for the reaction of [NICR] with peroxy-

ultimately, ligand oxidation to form the CR-2H ligand Ni(ll)  monosuifate in oxygen-saturated solutions at different KiS@ncen-
complex in which a third imine bond has been formed between trations. Key: (1) [HS@] = 1 x 1073 M; (2) [HSOs] = 2 x 1073

C10 and N1%3 M; (3) [HSOs] = 3 x 103 M; (4) [HSOs] = 4 x 103 M; (5)
To obtain kinetic information on the rate of oxidation and [HSOs] =5 x 107° M; 2 = 390 nm, optical path length 1 cm.

the subsequent reactions, absorbance vs time traces were

recorded on different time scales and fitted with different M~*s™%. On alonger time scale, the absorbance vs time traces

reaction models. On a short time scale, the oxidation reaction for the subsequent decomposition reaction could be fitted to

that is characterized by an increase in absorbance could be fitedwo exponential functions and bokgps values show a depen-

to a single-exponential function. Thg,svalues, calculated from  dence on the HS£ concentration (Figure 3b). The data in

the absorbance increase only, showed a linear dependence ofigure 3b suggest that a limitinigys value is reached at high

the HSQ™ concentration (Figure 3a) with a slope of &710 HSQ;~ concentrations. A nonlinear least-squares fit of the data
according to a rate law of the tygeps = kKK[HSOs /(1 +

(23) Barefield, E. K.; Lovecchio, F. V.; Tokel, N. E.; Ochiai, E.; Busch, K[HSOs7)), Whic_h is typical for a process consist_in_g of a
D. H. Inorg. Chem.1972 11, 283. precursor-formation step followed by a rate-determining elec-
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Figure 4. (a) Top: Absorbancetime traces for the oxidation of
[HSO,1, M [NIKGH-CONH_]* by sulfite in the presence of air at different sulfite

concentrations. Key: (1) [S(IV¥ 0.25x 103 M; (2) [S(IV)] = 0.5

Figure 3. (a) Top: Dependence dfpsfor the oxidation of [NICR}" % 103 M; (3) [S(IV)] = 1 x 103 M; (4) [SAV)] = 2 x 103 M; 1

by HSG~ on the HS@™ concentration. (b) Bottom: Dependence of _ 370 nm. (b) Bottom: Absorbanedime traces for the subse

X . . " = . : quent
Kops for t?e EUbsﬁqu?.m ;eatctlonst_of [N'GFIQ]N'th Hstg on the HSG" reactions of [NIKGH-CONH]* with sulfite in the presence of air at
concentration. Key, fast reaction®, slow reaction. different sulfite concentrations. Key: (1) [S(IV} 0.25 x 1072 M;

tron transfer reaction, results k1= 2024+ 111 and 295t 130 (@) [SUV)] = 0.5 102 M; (3) [S(IV)] = 1 x 107 M; (4) [S(V)] =
ML andk = 0.49+ 0.16 and 0.074- 0.016 s* for the fast 2 X 10~ M: 4 =370 nm.

and slow reactions, respectively. It was, however, not possible . . .
to fit the complete absorbance vs time traces, as presented irft [ONger time scale (Figure 4b). The influence of the oxygen
Figure 2c, with three or four exponential functions, presumably content of the solutlo_n on the observed kinetic trace was al_so
due to the similar order of magnitude of some of the rate studied. The results indicated that the decomposition reaction

constants. Nevertheless, the approximate fit of the data does¥@S not significantly affected by an increase in oxygen
suggest that the formation and decomposition rate constantsconcentration. However, the spectral changes observed for the

depend on the HSO concentration due to the fact that the oxidation of Ni(ll) to Ni(lll) (formation of a band at 370 nm) _
ligand is capable of undergoing further oxidation. became ve_ry_broad when the oxygen concentration was in-
[NIKGH-CONH ,]*/HSO5 /0, System.Preliminary experi- creased, s_,|m|lar to that observed on increasing the S(IV)
ments demonstrated that the formation of a Ni(lll) complex in concentration.
the reaction between [NiKGH-CONH™ and sulfite could only [NIKGH-CONH 2] */HSOs /O, System. The reaction be-
be observed in a limited sulfite concentration range in air- tween [NiKGH-CONH]* and HSQ~ results in the very
saturated solutions. A maximum build up of Ni(lll), character- efficient oxidation of Ni(ll) to Ni(lll). The oxidation is over
ized by a band at 370 nm (see Figure 3 in ref 15), was seen atwithin 100 ms at 25°C, and the subsequent decomposition is
a S(IV) concentration of 1 mM and a complex concentration over within 50 s. Kinetic traces recorded at G exhibit no
of 0.1 mM. At higher sulfite concentrations a similar band was induction period and good first-order behavior (Figure 5a). The
observed, but the overall spectral changes became very broadvalues of kops for the formation of Ni(lll) show a linear
Under these conditions the reaction is much faster than for the dependence on the HgOconcentration as for the [NiCR]
[NiICR]2* complex in the presence of air, and the absorbance system (Figure 5b) with a slope of (1420.1) x 10* M1 s™1,
vs time traces presented in Figure 4a clearly exhibit autocatalytic Figure 5b clearly exhibits an intercept, which must be due to
behavior. There is a decrease in the duration of the induction either a back or parallel reaction. A series of reactions was also
period with increasing sulfite concentration. The rate constant studied as a function of the oxygen concentration. Neither the
for the oxidation step following the induction period does not kinetic trace for the oxidation by HSO nor the calculated first-
depend significantly on the S(IV) concentration in the range order rate constant showed any dependence on the oxygen
0.2-2.0 mM and has an average value af4 s~ under these concentration. The subsequent slower decomposition reaction
conditions. A subsequent slow decomposition with some exhibits a characteristic break point that is reminiscent of a
evidence for redox cycling of the Ni(lll) system is observed on similar break point observed in the Fe(lll)/HSQ@O, system,
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low to oxidize [NiICRF (ca. 1.3 V)5 whereas the driving forces

of HSG;™ (1.8 V)?6 and SQ~ (2.5 V)6 are high enough to
oxidize this complex. In the case of the [NIKGH-COBH
complex, a much lower driving force is required (ca. 0.9'¥),
and all three mentioned species are in principle suitable. Earlier
studies on DNA damage in the presence of the investigated
system&*1° revealed evidence for the participation of SO
radicals only in the [NICRI/HSO;7/SO32~/O, system. This is
also the only case where a stable Ni(lll) species could be
observed.

We now turn to plausible reaction mechanisms based on
available literature data that can account for the observed kinetic
observations in a qualitative way.

Ni'" (L)/HSO37/S0s27/0, Systems.For both complexes a
clear induction period is observed and the corresponding rate
constant for the formation of Ni(L) does not depend on the
sulfite concentration. The traces for [NiCRJindicate an initial
decrease in absorbance, which suggests that there could be some
Ni(lll) in solution. This is understandable since the [NIR]**
complex is somewhat more stable and does not undergo rapid
decomposition, in contrast to the situation when excessgASO
is present in the medium. The mechanism must include the

following steps:

15.: Ni"(L) + HSO, — Ni"(L) + SO +HY (1)
SQ” +0,— SO, )

SO +Ni"(L) —so> + Ni"(L) (3)

T T T T T T v T v T
0,0000 0,0005 0,0010 0,0015 0,0020 0,0025 0,0030

(HSO,1, M SO/ +H =HsQ,~ (4)

Figure 5. (a) Top: Absorbancetime traces for the oxidation of
[NIKGH-CONH,]* by HSG™ in the presence of air at different HSO
concentrations ([[NIKGH-CONK™] =1 x 104 M; | = 0.2 M; pH
=6.5;T=15°C). Key: (1) [HSQ ] =0.5x 103 M; (2) [HSOs7]
=1x 10°M; (3) [HSOs] =15x 10°M; (4) [HSOs] = 2 x
103 M; (5) [HSOs] = 3 x 102 M; 4 = 370 nm. (b) Bottom:
Dependence dfqps for the oxidation of [NIKGH-CONH]* by HSG~
on the HS@ concentration.

HSO,” + Ni"(L) = SO~ +Ni"(L) + OH™  (5)
SO, + Ni'(L) — SO + Ni"(L) (6)

In the case of the [NiICR} complex, only reactions 5 and 6
can in principle account for the oxidation of Ni(ll) to Ni(lll).
Since reaction 2 is very rapid (16 10° M~ s71),27 reaction

3 will control the formation of HS® and SQ'~. Therefore,
these species must be formed in reactions involving sulfite and
SO~ as shown in (7), (8), and (10), respectively. The quoted

i.e., a fast decay up to the point where all i@ solution has
been consumed (see Supporting Informatiin).

Mechanistic Interpretation. The observed spectral changes
on the addition of either HS©/SO>~ or HSG;™ in the presence SQ"™ +HSQ,” —HSQ,™ + SO, 1x 10°M1st
of oxygen to the investigated NL) complexes are interpreted @
in terms of the formation of Ni(L) complexes, characterized

by the formation of a new band around 400 nm, of which the SO +HSO, — SO, +HSO, 10°-10'M*s?
stability will depend on the redox partner and the selected (8)
experimental conditions. Similar spectral changes were em-gg*~ + HSO,” — HSO,” + SO~ 7x 1M Lt
ployed to study the redox cycling of Mi'(cyclam) in the * s 4 s x 9)

presence of sulfite and oxygen at low gHin the latter case,

it was possible to prepare the Ni(lll) complex separately. In SO + SQ —2SQ,” + O,

the present study, the NCR complex appears to be formed in

a higher steady-state concentration in the presence of sulfiteSOs~ + SO~ — S,04 + O,

and oxygen (see Figure 1b). That the increase in absorbance in

Figure 1b is due to NICR is supported by the fact that'Ni rate constants at 2% are taken from literature in which these

species are known to have higher extinction coefficients at 390 experimental values seemed to fit in well with model calcula-

nm, while the oxidized ligand complex, NCR-2H), has tions2428The subsequent decomposition of Ni(lll) must involve

essentially a lower extinction coefficient than"NCR as seen  reaction 1 in the presence of an excess of H3S0s?". The

on the addition of more sulfite to the solution. [Ni""CRJ" complex can obviously not be reduced by S(1V) in
The suggested formation of stable or intermediate Ni(lll) competition with its reoxidation (from Nj by HSG,~ and SQ*~

complexes must depend on the driving force of the redox on the basis of the quoted redox potentials. Thus, depending

partners. The driving force of SO (1.1 V vs NHEJ® is too on the selected experimental conditions, which will control the

10-10°M st (10)

7x10Mtst (11)

(24) Brandt, C.; Fabian, I.; van Eldik, Riorg. Chem.1994 33, 687. (27) Neta, P.; Huie, R. E.; Ross, A. B. Phys. Chem. Ref. Dai88 17,
(25) Linn, D. E.; Dragan, M. J.; Miller, D. Hnorg. Chem199Q 29, 4356. 1027.
(26) Reference 3, Table 3.5. (28) Warneck, P.; Ziajka, Ber. Bunsen-Ges. Phys. Cheh995 99, 59.
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competition between formation and decomposition of'[Ni  which will lead to decomposition of the N{L) species. Similar
CRP, a situation can be reached where'[RRFT is relatively reactions were suggested to account for the redox cycling of
stable over a longer period of time (see Figure 1b). The induction Ni"(cyclam) during the catalyzed autoxidation of sulfite,
period observed for both complexes must involve the formation although no evidence for the decomposition of the chelate ligand

of the species capable of oxidizing'\li) to Ni''(L), i.e., SG"~, was reported.
HSGs™, and SQ~ for [NIKGH-CONH,]* and HSQ™ and Reactions 15 and 16 can in principle account for the nonlinear
SOy~ for [NICR]?, respectively. dependence oOkyps ON the HS@™ concentration reported in

In the case of the [NiIKGH-CONK™ complex, the [HS@/ Figure 3b. The calculated values for the precursor formation

SO ][O ratio also plays an important role. This must be constantK) are quite large and indicate an effective interaction
related to the interference of the subsequent reactions (7), (8).between the redox partners, followed by a rate-determining
(10), and (11) in which S©" is used up and will then not be  electron-transfer process. At present it is not possible to assign

available for the effective oxidation of [NKGH-CONH,]* to these reactions to a specific one of the fast or slow kinetic steps
[Ni""KGH-CONH]2". The oxidation of [NtKGH-CONH,] " observed.
is at least 18 times faster than the oxidation of [NCRJ, Evidence for the formation of SO radicals was obtained

where the latter requires a high oxygen concentration, i.e. anin the [NICRR/HSOs /SOs2 /O, system, but not in the other
effective formation of S@~ in reaction 2. This is directly related  {pee system# The [NiCRE/HSO; /SO:2 /O, system is the
to thﬁ required redox potential as outlined above. , only one that forms a relatively stable'NL) species. The other

Ni" (L)/HSOs~ SystemsBoth complexes show no induction  yree systems all show relatively fast subsequent decomposition
period during reaction with peroxymonosulfate, and the buildup reactions, and here the participation of SOcould not be
of Ni"(L) is followed by a subsequent decomposition back to hrgven. Thus, there may be a link between the stability of the

Ni"(L). The oxidation process depends linearly on the HSO Ni'l(L) species and the ability to detect $O radicals in
concentration, and the second-order rate constant is €& 10 solution.

—1 i + -1g-1
s for the [NICRP* complex and ca. & 10' M~ s for the The redox cycling observed for a number of systems in the

[NIKGH-CONHg]* complex at 25°C. In the case of the . " o
. i N ! . present study may, in part, account for the efficient oxidation
[NIKGH-CONH,|™ complex evidence for the existence of a of guanine in DNA!® The kinetic studies described here confirm

back or parallel reaction was observed in the form of an mterceptthat both [NICRE+ and [NiKGH-CONH]* react quickly and

in Figure 5b. The parallel reaction could involve a rate- without an induction period with peroxymonosulfate, HSO

e oo o Tre b GETETRng (1) specis hat undergoes subsequert dcor
ysIS p P P q position involving either ligand degradation or, in the presence

decomposition reactions occur on the same time scale (ea. 40 of DNA, guanine oxidation. In contrast, the two nickel

50 s), and a characteristic break point is observed in the case : : . . :
of the [NIKGH-CONHb]* complex, which could indicate the complexes behave somewhat differently in their reactions with

occurrence of a redox cycle of the nickel complex during the S(IV) and Q. Both systems display an induction period which

decomposition reaction. The formation of'NL) must involve must be related to the generation of sufficient concentrations
poS S of Ni(lll) to promote one-electron oxidation of HSOSO?~
the following reaction:

leading to a rapid reaction with ©OOn the other hand, the
complexes differ in their subsequent chemistry with the*SO
so formed. In the case of the nickel peptide complexs"S@
reduced by NIL to regenerate the catalytic NL, forming the
strong oxidant HS@, which is known to oxidize guanine
residues in DNA in the presence of nickel complexes. The
reduction of S@~ is sensitive to the relative concentrations of
S(IV) and Q because of the various competing pathways for
SO~ decomposition (egs 7, 8, 10, 11) in the presence of excess
sulfite, and this dependence on [S(IV)]4@s also seen in DNA
reactionst® In contrast, [Ni CRJ?* cannot easily reduce SO
because of its higher Ni' redox potential compared to [Ni
KGH-CONH;]*, so that sulfate radicals formed from eqs 8 and
10 are observed instead. In the presence of DNAysS@ads

to guanine oxidation; in the absence of DNA as studied here,
SOy~ may reoxidize [NICRPF. In summary, both nickel
complexes undergo redox cycling during the course of sulfite
autoxidation; however, somewhat different reactive intermedi-
ates, namely the presence or absence of substantial concentra-
tions of SQ°~, appear to be involved for [NiCR] and
[NIKGH-CONH_y] ", respectively.

HSO,” + Ni"(L) — SO~ + Ni"'(L) + OH™  (12)
or
HSQ,” + Ni"(L) = SO + Ni"'(L) + OH"  (13)

In this reaction the S§ radical presumably remains coordi-
nated to the Ni (L) complex since no evidence for the presence
the free radical was foun®.Reaction 13 leading to hydroxyl
radicals can be ruled out in this case since no evidence for its
formation could be detected in DNA experimekhts.

Ni"(L)(SO, ") = NiM(L)(SO) (14)

The decomposition of the NiL) or Ni'V(L) species must
involve reduction by for instance HSO

Ni"(L) + HSO,™ — Ni'(L) + SO~ (15)

or
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the case of the NiCR system. 80 and SQ~ are strong

oxidants and can initiate redox cycling of 'NiL) to Ni"'(L).

The details of this decomposition reaction are presently un-
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