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Abstract

When irradiated with~10 ns laser pulses of 308 nm lightN'-bis-(carboxymethyIN,N'-dinitroso-1,4-phenylenediaming)fragments
inless than @us to give NO and the denitrosylated radical ¢2). Specied has great potential as aresearch tool because the photo-generated
NO can subsequently be used to probe fast reactions of biochemical interest. This study focuses on the properties of the reactive intermediate
2, which must be known beforecan confidently be used in more complex investigations. Experiments in dhicts irradiated in the
presence of myoglobin (Mb) or ferrocytochromeevealed thag can rapidly oxidize either species. For myoglobin, the rate conkgant
was measured 5.5 + 0.5) x 10’ M~1s~1. Experiments in which large amounts 2fvere photo-generated in the presence of free NO
revealed tha? probably recombines with NO to produce metastable isometswhich have lifetimes of~20 ms and liberate additional
NO as they decay. PreviousBwas only known to either rapidly recombine with NO to regenetag&clusively, or fragment further to
give a second equivalent of NO and the doubly denitrosylated quinoimine derivafiy@)ofThe experiments with myoglobin, which is a
chromophoric NO scavenger, also made it easy to quantify the amount of NO generated under various conditions, thus providing indirect
information about the reactions BfOn the basis of these experiments, the value of the rate constant for fragment&tinto&and NO
(kq) was revised from the previously published 500—-2600 $he NO scavenger experiments also suggest that the metastable isomers of
1, generated by recombination ®Bnd NO, liberate additional equivalents of NO as they decay.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction subsequent reactions of NO with other compounds can then
be monitored1,15]. Furthermore, the concentration of NO
The compoundN,N'-bis-(carboxymethyIN,N’-dinitroso- within a given experiment is readily controlled, either by
1,4-phenylenediaminel) has been shown to release NO varying the intensity of the laser pulse, or by maintaining the
upon photo-activation with 308 nm ligiit—4]. NO is now laser pulse constant and varying the concentratioh [df.

known to play numerous important roles in human physiol-  Before 1 can be confidently used as a NO generator for
ogy[5—11]. This has provided the major stimulus for synthe- probing the reactivity of compounds such as metalloen-
sizing compounds such dsthat are biologically inert, but ~ zymes, the amount of NO that is generated under a given
could potentially be activated to release NO once they reachset of conditions should be known as accurately as possible.
specific biological target sitd4,3,12—14] Though designed ~ Furthermore, any potential side-reactions thabor prod-
for such potential biomedical applicatiofis-3], compound ucts generated by its photo-fragmentation, might undergo
1 has also proved to be a valuable research tool for our with the metalloenzyme of interest, should be carefully in-
in vitro investigationg15]. In these investigations we use vestigated. A recently published paper describes how the
the photo-generated NO as a probe for studying metalloen-amount of NO generated can be predicted with reasonable
zyme reactions that feature, at least formally, metal-bound accuracy when solutions containing orilyare irradiated,
NO species as intermediates. NO can be generated from under conditions in which the initial photoproduct concen-
in less than Jus using a XeCl excimer laser, so very fast trations are kept below10uM [4]. More recently we have
been analyzing the photochemical behaviot @f the pres-

* Corresponding author. Tek:1-414-229-4413; fax+1-414-229-5530.  €nce of known NO scavenging proteins, such as myoglobin
E-mail address: apacheco@uwm.edu (A.A. Pacheco). (Mb) and catalase. Herein we describe the results of these
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investigations. We also discuss new insights that were re- 0.04 . . ! ! !
vealed when samples df with concentrations as high as ] MMbNO ]
1 mM, were irradiated under conditions that resulted in the 0'03'; @ 7
generation of large initial concentrations of photoproducts 0.024 —;
(>10uM). % 0.01 ;
£ 0,00 MmetMb ;
2. Experimental % -0.01] E
2.1. Materials "0.024 ]
-0.034 3
The synthesis of the photoactive NO releasing speties _0_04_5 E
has been described elsewhgte All photochemical exper- ] ]
iments were performed in solutions buffered with phosphate ~ %~~~ 1
(w =50 mM, pH= 7.4). Millimolar stock solutions ofl in 400 410 420 430 440
phosphate buffer were prepared and stored in amber bottles Wavelength (nm)
within a glovebox. This is not essential, but proved con- _ - -
venient for the experiments described herein. Myoglobin 000_3 ' ' ' ]
(crystallized and lyophilized horse skeletal muscle) was T e~
from Sigma. Prior to use, a millimolar solution of the pro- ]
tein in phosphate buffer was reduced with 1eq. of Ti(lll) & '0'01':
citrate [16], and then passed down a desalting column _§ ]
(Amersham Hi Trap 5mk 5ml) to remove the oxidized 5 -0.02
Ti salts. All manipulations were performed in a glovebox. é::’
Twice-recrystallized bovine liver catalase (cat) was obtained  -0.03
from Sigma, as a suspension in water containing 0.1% thy- ]
mol. Lyophilized horse heart ferricytochronee(cyt c''), 0,041
prepared using TCA, was also obtained from Sigma. Where ]
necessary the cgt!! was reduced to ferrocytochrorsdcyt 0,051
c") with Ti(lll) citrate, then re-purified using a desalting ]

103
Time (s)

column as described earlier for Mb. The concentrations of
all Mb, cat and cyt solutions were determined by UV-Vis
spectroscopyl7-19]

10

Fig. 1. (a) Spectral changes observed after a solution containing 4.04 uM
1 and 15.4pM Mb is irradiated with a 10ns, 308 nm laser pulse. The
representative difference spectra shown here were collected 0.08, 0.24,
0.40, 0.56, 0.72, 0.88, 1, 2, 4, 8, and 15ms after the laser flash. Initialy

2.2. Data collection and analysis

Photochemical fragmentation of speciksvas initiated
with a 10 ns, 308 nm pulse from a XeCl excimer laser (TUI,
Existar 200). An OLIS RSM-1000 spectrophotometer was
used to monitor the absorbance changes induced by the las

the band growing in is centered around 410nm, reflecting the rapid
oxidation of Mb to metMb by reactive intermediate 2 (Scheme 1). After
~1ms the band starts to red-shift, as the slower nitrosylation of Mb
becomes the predominant reaction (see Section 3.1). (b) AA vs. time

et[;ace extracted from (a) at 436 nm. The circles are the experimental data

pulse. The configuration of the laser and spectrophotometric points, collected at 16 us intervals. The solid trace was calculated using
equipment has been described in general terms elsewherepecfit/32, as described in Section 3.1. Comparable fits were obtained at
[4]. Data were collected with the OLIS RSM-1000 in one other wavelengths.

of two modes. For the experiments describe&éttion 3.1

in which the reactions of interest had lifetimes of less than

2ms, the spectrophotometer was used in fixed-wavelengthscribed in Section 3.2, in which the reactions of interest
mode (fixed middle slit width= 0.6 mm). In this mode, had lifetimes of at least several ms, the OLIS RSM-1000
the monochromator was adjusted to a desired wavelengthwas used in rapid-scanning mode (scanning dlit width =
the reaction of interest was photo-initiated, and then the ab-0.2mm). In this mode, complete spectra were collected ev-
sorbance change\@) at that wavelength was monitored as ery ms during experiments lasting a total of 30s. For both
a function of time. A total of 1000 data points were collected the fixed-wavelength and rapid-scanning experiments, the
at 16us intervals for eacl\A versust trace. The complete monochromator entrance slitwidth was 0.6 mm, and the exit
spectra presented Iig. lawere constructed by collecting  ditwidth was 0.12 mm. With one exception, all dataanalysis
AA versust traces for identical replicate solutions, at 2nm was performed using the commercialy available software
intervals from 395 to 445 nm, and then combining these into package Specfit/32, Version 3.0 (Spectrum Software Asso-
a single three-dimensional data set. For the experiments de<ciates). The data presented in Fig. 2 were generated using



G. Bodemer et al./Journal of Photochemistry and Photobiology A: Chemistry 163 (2004) 53-60 55

10.0 T T T T T T

50. \ (@ ]

Z (x10™%)

0.5 0"
0.0 -
500 1000 1500 2000 2500 3000
Trial Value of kq (87
4‘4_ T T T T T T T T T E
o b
4.2 by
4.0 ]
~ 3.8 ]
x
S 361 ]
X o
N 3.4 \ o
3.2 o ]
3 0 \0 /
.04 \0\0\0’0/0 ]
2.8 ]
LN BN I LN BELE L BN BRI BN L N
1.8 20 22 24 26 28 30 32 34
Trial value of [NO], (uM)
Fig. 2 (@ Plot of Z = Y [(Aemembleacd — (A€mamb)exper]?

+ Y [(A€MbNO)caled — (Ae,\,m,\jo)@(per]2 as a function of the trial value
of K. (Aespecies)exper is the difference in extinction coefficient at a given
wavelength that was determined directly from pure samples of Mb, metMb
and MbNO. (Aegecies)cacd IS the difference in extinction coefficient at a
given wavelength that was calculated using the Specfit/32 Kinetic Model
Editor, for a given vaue of ky. The smallest difference between the
experimentally determined difference spectra and those calculated using
Specfit/32 was obtained with kg fixed at 2600s 1. In al cases [NOJo
and [2]o were fixed at 1.9 wM. (b) Same as (), but here kg was fixed at
26005~ in al cases, while the trial value of [NOJo (=[2]o) was varied.
The smallest difference between the experimentally determined difference
spectra and those calculated using Specfit/32 was seen with [NO]p and
[2]o fixed &t 2.9 uM.

a simple Quick Basic (Version 4.5) routine in combination
with Specfit/32.

3. Results

3.1. NO generation in the presence of myoglobin

Fig. 1a shows the UV-Vis spectral changes that are ob-
served after irradiating a solution containing 4.04 uM 1 and

15.4 .M myoglobin (Mb) with a 308 nm laser pulse. These
changesfall in the region between 400 and 450 nm, which is
where heme proteins such as Mb typically exhibit a charac-
teristic, intense absorbance band (the “ Soret” band) [17,20].
The Soret band of Mb itself has a maximum value at 435 nm,
right around where the major drop in absorbance is seen in
Fig. 1a [17]. Hence, the observed spectral changes can be
readily attributed to reactions that consume Mb to give new
hemoprotein species. These species must have absorbance
maximabelow ~425 nm, where anet increase in absorbance
is detected. The absence of isosbestic pointsin Fig. 1a, and
the observation that AAmnax for the new band shifts over
time from near 410 to 415 nm, both indicate that more than
one heme product is being generated as Mb is consumed.
Fig. 1b shows a trace of AA43s as a function of time. The
trace is clearly biphasic, with the first phase having a half
life of ~800 ws, and the second ~2ms. The shift in AAmax
of the band that appears below 430 nm is associated with the
second reaction phase; prior to ~1ms this band is centered
strictly at 410 nm.

Analysisof thedatain Fig. 1 using singular value decom-
position (SVD) reveals that two colored species are gener-
ated after the solution is irradiated. One of these species
is expected to be nitrosylated Mb (MbNO), since NO is
known to bind to Mb rapidly (kno = 1.7 x 10 M~1s71)
and very tightly [21]. Furthermore, the nitrosylation should
be pseudo-first order with respect to [NO], because the[Mb]
of 15.4 uM is~ 8x greater than the ~ 2 uM [NQ] expected
to be generated by the laser pulse [4]. Thus, the nitrosyla-
tion phase should exhibit a half life of ~2.6 ms, which falls
in the range of the second feature seen in Fig. 1b. Based on
the aspects of the difference spectra prior to 1 ms, the first
species generated from Mb after the laser pulse appears to
be metMb, in which the Fe center has been oxidized from
+21t0+3, and awater or hydroxideis bound to the metal. At
pH 7.4 metMb exhibits a Soret band at 408 nm [17], whereas
MbNO has an absorbance maximum at 420nm [18].1 The
mechanism shown in Scheme 1 suggests how both MbNO
and metMb could be generated from Mb, following irradia-
tion of the reaction mixture with 308 nm light. The first two
steps of Scheme 1 are the reactions proposed by Namiki
et al. for solutions containing only 1 [1]. The initial laser
flash causes the fragmentation of 1 into 1 eg. of NO and the
radical species 2 (Step 1). Species 2 can recombine with NO
to give back the starting compound 1, or it can fragment fur-
ther to give a second equivaent of NO and species 3 (Step
2). In the absence of the intensely colored heme species the
generation and subsequent disappearance of 2 can be readily
monitored by UV-Vis spectroscopy, since 2 has a character-
istic band with A g —400nm [1,4]. In the presence of Mb a
new reaction path appears to open for species 2: it can now

1 metMb itself also reacts with NO. However, the binding constant for
the reaction is low (1.4 x 10* M~1), and the reaction is 100x slower than
Mb + NO (refs: [18,21]). Hence, this reaction is not expected to play a
significant role in the system discussed here.
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be reduced to 4 by the Mb, which is concomitantly oxidized
to metMb (Step 3). Species 4 is probably then protonated
to give species 5 (Step 4), though we have no information
about the pKy of 5 at this time. Finaly, al of the NO that
is generated in Steps 1 and 2 but does not recombine with 2
will eventually be scavenged by Mb to give MbNO (Step 5).

The data of Fig. 1 were analyzed on the basis of the
mechanism shown in Scheme 1, using the Specfit/32 Kinetic
Model Editor (see Section 2.2). Initialy the values for k;
and kq were fixed at 1 x 10°M~1s~1 and 50051, respec-
tively, which are values previously obtained in independent
experiments [4]. Similarly, the concentrations of NO and 2
present immediately after the laser flash ([NOJo and [2]o)
were fixed at 1.9 uM, the value predicted on the basis of

our previous investigations [4]. Only kox and kno were |eft
as adjustable parameters, to be determined by the Specfit/32
program. This analysis gave excellent least-square fits to the
experimental AA versus t traces at al wavelengths (com-
parable to the fit seen in Fig. 1b). Moreover, the calculated
value of kyo was comparable to the 1.7 x 10’ M~1s™1
value previously reported by Hoshino et al. [21]. However,
the difference spectra empno — emb (=EA€MbNO)caled @nd
€metMb — €Mb (EA€metmb)cacd that were calculated on the
basis of this analysis compared poorly with the difference
spectra (AembNno)exper @D (A€metmb)exper Obtained inde-
pendently from pure samples of Mb, MbNO and metMb.
| A€metmblcalcd Was about 3x smaller than expected at every
wavelength, whereas |Aempnolcacd Was somewhat larger
than expected. In order to obtain better agreement between
the calculated and the experimentally obtained difference
spectra, the following iterative procedure was used. First,
the experimental data were fitted repeatedly using Spec-
fit/32 as described above, but using different fixed kg values
each time. Agreement between the calculated and exper-
imental Aemetvip SPeEctra became progressively better as
the trial value of kg was increased from 500 to 260051,
and then became poorer again for trial values of kg greater
than 2600s1. This is seen in Fig. 2a, which is a plot of
> [(A€memb)caed — (A€metmb)exper] >+ [ (A€MbNO) caled —
(AeMb,\|o)exper]2 (abbreviated as Z) as afunction of thetrial
value of ky. Although Z contains the least-squares expres-
sions for both MbNO and metMb, (Aempno)cacd Was not
noticeably affected by varying the trial value of ky.

In the next phase the experimental data were repeatedly
fitted with kq fixed at the new best value of 2600s~1, but
using different values of [NQO]o (=[2]o) each time. This
procedure gave progressively better agreement between
(AembNO)caed @d (AempNo)exper @S the trial values of
[NOJo and [2]o were increased from 1.9 to 2.9 uM, after
which the agreement became worse again. Varying the
trial values of [NOJo and [2]p had no noticeable effect on
(A€metmb)cacd- Fig- 2b shows a plot of the tria statistic Z
as afunction of trial [NO]o and [2]o. Fig. 3 shows the com-
parisons between experimental and calculated difference
spectra Aememp and Aepmpno, obtained using the adjusted
values of kg and [NO]g (=[2]o). The corresponding values of
kox and kno that were calculated by the Specfit/32 program
were (5.5+ 0.5) x 107 and (2.20 £+ 0.01) x 10’'M~1s1
respectively. The latter value is close to that previously re-
ported by Hoshino et al. [18]. The theoretical AAgsg versus
t trace of Fig. 1b was obtained using these values of Koy
and kNO-

In addition to Mb, 2 was found to readily oxidize cyt ¢"
to cyt ¢! (results not shown), even though the cyt c'!'/cyt
¢! standard reduction potential is 214mV higher than that
of metMb/Mb [22,23]. Cyt c'!' does not react either with
2 or with NO on the sub-second timescale. When 1 was
photolyzed in the presence of cat, catNO was the only de-
tected reaction product. Like Mb, cat is known to bind NO
rapidly and tightly [18]. However, it appearsthat 2 is not ca-
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Fig. 3. (a) Difference spectra for (metMb-Mb). Solid line: (Aemetmb)exper;
dotted line: (Aemetmb)cacd- (b) Difference spectra for (MbNO-Mb). Solid
line: (Aempno)exper; dotted line: (Aembno)cacd- The parameters associated
with the calculated spectra were: k; = 1 x 10°M~1s1; kg = 2600s71;
kox = (55+£0.5) x 10 M~1s1: kyo = (2204 0.01) x 10 M~1s7L:
[NOJo = [2]o = 2.9uM.

pable of oxidizing the Fe!'' heme centers of the cat resting
enzyme.

3.2. Photolysis of concentrated samples of 1

In solutions that contain only 1 to start with, the mecha-
nism of Scheme 1 allows only two fates for the photogen-
erated species 2: it can recombine with NO, or it can fur-
ther fragment to give species 3 and a second equivalent of
NO [1,4]. Thus, Scheme 1 predicts that an irradiated solu-
tion of 1 should contain only 1 and 3 after all of the pho-
togenerated species 2 has reacted (i.e.: after at most ~2ms
[4]). Early studies showed that species 3 (Scheme 1) has no
significant absorbance in the visible region [1], and hence
the final difference spectrum should be flat, except for a
small negative feature below 400 nm due to the conversion
of 1 (with Amax = 300nm) to 3. This prediction based on
Scheme 1 proves to be essentially correct under conditions
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8 0.004 P N AN Al e dr A
[
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Fig. 4. (a) Difference spectrum obtained 1 ms after irradiating a solution,
containing 1.21mM of 1 and 0.676mM free NO, with a 308 nm laser
pulse. Note the prominent broad band at ~515nm. (b) Same solution as
(a) but 1s after the laser pulse. () Same solution after 30s.

in which less than 10uM of 2 isinitially generated by the
laser pulse [1,4]. However, we have found that it is not true
under conditions in which comparatively large amounts of
2 are generated by the initial photolysis of 1.

When solutions of 1 with concentrations greater than
20uM are irradiated with full intensity laser pulses, using
the laser apparatus described in Section 2, the UV-Vis dif-
ference spectra of the samples after severa ms exhibit posi-
tive deflectionsin AA at all wavelengths between ~400 and
580 nm (Fig. 44). These difference spectra are quite distinct
from that of species 2 [1], which in any case is consumed on
the pstimescale. Of key importance is the fact that the pos-
itive AA is observed even in solutions containing an excess
of free NO. Indeed, AA is undiminished regardless of the
free [NQ]. Trace (a) in Fig. 4 gives the example of aUV-Vis
difference spectrum collected 1 ms after irradiating a solu-
tion containing 1.21 mM of 1 and 0.676 M of free NO with
a 308 nm laser pulse. The spectrum exhibits a broad positive
deflection band with Amax ~ 515nm, and a sharper negative
deflection band centered at ~380nm. Based on Scheme 1
and the previously calculated values of k; and Ky (this work
and refs. [1,4]), under the conditions in which the spec-
trum was collected all of the photogenerated intermediate 2
should have been converted back to 1 in less than 1 ps.

The spectrum shown in Fig. 4a provesto be transient, and
after ~ 1sthe band at 515 nm disappears completely. SVD
analysis of spectra collected every ms for 30s following
laser irradiation shows that changes in these can be roughly
modeled on the basis of athree-component system, in which
each component decays to the next in a first-order process.
Traces (b) and (c) in Fig. 4 show the spectra obtained after
1sand 30s, respectively, while Fig. 5 shows the AA versus
t trace obtained at 515nm, empirically fitted to two expo-
nentials. The rate constant for the first exponential phasein
Fig. 5is 36.5+ 0.2s! (105 = 19ms), while that of the
second is (8.8 + 0.4) x 1072571 (g5 = 7.99). A series of
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Fig. 5. AA vs. time trace extracted from Fig. 4 at 515nm. The circles are
the experimental data points, collected at 1 ms intervals. The solid trace
was calculated using Specfit/32, as described in Section 3.2. Comparable
fits were obtained at other wavelengths.

experiments in which [NO] was varied revealed that the first
reaction phase is independent of [NO]. The rate constant of
the second phase, however, varied in an unpredictable way
from one experiment to the next. This phaseis probably due
primarily to physical transport of reactants and products, via
diffusion and convection, into and out of the region of the
cuvette that was irradiated by the laser pulse. Variations in
the quiescence of the solutions from one experiment to the
next could account for the observed variability of the rate
constant.

Scheme 2 suggests modificationsto the currently accepted
mechanism that could explain both the presence of spectral

ON\ _CH,CO,H /CHQCOQH

q«;

“CH,CO,H
1 2

CH,CO,H

NO-
r2 r7 12 r?

© ha

CH,CO,H

features in Fig. 4a, and why these features disappear in the
first exponential phase (Fig. 5). It has previously been as-
sumed that recombination of NO with 2 would give back 1
exclusively [1,4]. However, as seen in Scheme 2, the rad-
ical intermediate 2 should formally be described in terms
of three resonance structures, 2, 2a and 2b. If there is in-
deed significant spin delocalization from the nitrogen to the
0 and p carbons of the intermediate, then the incoming NO
could re-attach at either of these carbons, to give 6 or 7
instead of 1. These two species would then together be re-
sponsible for the spectral features of Fig. 4a. The compar-
atively low intensity of the spectral features would explain
why they were not detected in earlier experiments, in which
only small amounts of 6 and 7 would have been generated
[1,4].

One can envision severa pathways by which the puta-
tive species 6 and 7 could react, and thus give rise to the
decrease in AA that is observed over the ms timescale.
For example, both 6 and 7 would be expected to readily
re-release NO and form 2 again. This would provide a path-
way by which most of the compound 1 lost in the initial
photo-dissociation would eventually be recovered, albeit on
a timescale dominated by the rate constants k_» and k_;3,
not by ky1 (Scheme 2). Putative species 6 also has an addi-
tional reaction pathway availableto it that is not available to
7, and that is tautomerization to give species 8 (Scheme 2).
The three rate constants, k_r2, k_r3 and ki, would together
contribute to the apparent first-order rate constant observed
for the decay of the 515nm feature in Fig. 4a. The avail-
ability of a tautomerization pathway that produces a stable
species (8) could explain why even spectra b and ¢ are not
featureless.
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4. Discussion

The results presented in Section 3.1 clearly demon-
strate that intermediate 2 is a reasonably powerful oxidant
(Scheme 1). Those presented in Section 3.2 suggest a sec-
ond previously unreported property of 2, namely that it can
react with NO to give isomers other than 1 (Scheme 2).
These new observations are potentially of great practica
importance for the design of experiments that use 1 as a
NO generator.

If the species to be nitrosylated is also a reducing agent,
then one must keep in mind that it may react with 2 in the
same way as Mb does (Step 3, Scheme 1), in addition to
reacting with NO. While the oxidizing properties of 2 un-
doubtedly increase the complexity of the system, they could
conceivably be exploited by clever experimental design. The
reduction of species 2 to give 4 (Step 3, Scheme 1) com-
petes with its nitrosylation by free NO to generate 1 and
its isomers (Step 1, Scheme 1, and Scheme 2). Because the
reduction of 2 is ultimately irreversible (at least under the
conditions used in our experiments), this reaction provides a
method for permanently removing 2 without decreasing the
overal concentration of free NO that will be left after all
of 2 has reacted. Reduction of 2 is second order overall, so
the reaction rate can be increased by increasing the concen-
tration of reductant. Thus, in principle, fairly high concen-
trations of free NO could be trapped by deliberately adding
large concentrations of a suitable reducing agent to the reac-
tion mixture. The reductant could be either the species be-
ing nitrosylated, or a separate reagent added for the specific
purpose of scavenging 2. In the absence of areducing agent,
the only pathway whereby free NO can be trapped for the
long term is Step 2, Scheme 1, in which a second equivalent
of NO dissociates from 2 to generate the stable quinoimine
derivative 3 [1,4]. This reaction is first-order overall, and
thus cannot compete effectively with the recombination of
NO and 2, when these species are present in high concen-
trations. As a consequence the amount of free NO that can
be generated in the absence of areducing agent isinherently
limited [4].

The fact that 2 may be capable of reacting with NO to
give isomers other than 1 (Scheme 2, Section 3.2) will aso
have to be taken into account when designing experiments
that use 1 as a source of NO for a subsequent nitrosylation
reaction. According to the results described in Section 3.2,
and the interpretation presented in Scheme 2, species 6 and
7 are expected to release NO during a period of ~1s after
the initia laser flash. Thus, the amount of NO ultimately
available for nitrosylation reactions will be higher (possibly
considerably higher) than the amount of free NO remain-
ing after the concentration of species 2 has been reduced to
negligible levels. If the nitrosylation reaction of interest is
very fast compared to the dissociation of NO from 6 and 7
(fo5 <« 20ms), then nitrosylation by free NO will appear
as arapid phase, clearly distinguishable from later nitrosy-
lation by NO released as 6 and 7 fragment. Such behavior

is indeed observed when Mb and cat are nitrosylated under
conditions that initially generate large amounts of 2 (data
not shown). Quantitative analyses of such reactions are cur-
rently under way in our laboratories. For very slow nitrosy-
lations kinetic analysis should also be straightforward. Such
reactions will have proceeded very little by the time 6 and
7 have been completely consumed, and so only a single ki-
netic phase will be observed, corresponding to the reaction
of the species of interest with whatever concentration of free
NO is then available. If the nitrosylation reaction of inter-
est has a rate comparable to the rate of dissociation of NO
from 6 and 7, then nitrosylation by free NO and by NO re-
leased from decomposition of 6 and 7 will overlap, making
kinetic analysis complicated. Species 1 will likely be least
useful as a NO generator for investigating these types of
reactions.

In summary, when designing future experiments that use
1 as a photo-activated NO generator, two new factors should
be considered. Firstly the oxidizing properties of species
2, the fragmentation product of 1, must be taken into ac-
count. Secondly, 2 appears to recombine with free NO to
give metastable isomers other than 1. Spectroscopic and the-
oretical investigations of these putative metastable isomers
are currently under way in our laboratories.
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