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Figure 2. ORTEP representation of a A-isomer of 2*. Thermal ellipsoids
are drawn at the 50% probability level.

Table III. Selected Bond Lengths (A) and Angles (deg) for
[Co(p-3,2,3-tet-AM)]NO;-H,0 (2b)

(a) Bond Lengths

Co-0(1) 1.928 (1) Co-0(3) 1.929 (1)
Co-N(1) 1,965 (1) Co-N(2) 1.965 (1)
Co~-N(3) 1.962 (1) Co-N(4) 1.959 (1)
O(1)-C(8) 1.289 (2) 0(2)-C(8) 1.226 (2)
0(3)~-C(6) 1.291 (2) 0O(4)-C(6) 1.225 (2)
N(3)-C(7) 1.507 (2) N(5)-C(T) 1.424 (2)
C(6)-C(7) 1.543 (2) C(7)-C(8) 1.548 (2)
(b) Bond Angles
0(1)-Co—0(3) 89.63 (5) O(1)-Co-N(1) 177.28 (6)
O(1)~Co-N(2) 88.68 (6) O(1)-Co~N(3) 83.15 (5)
0O(3)~-Co~N(1) 89.26 (1) O(3)-Co~-N(2) 91.64 (5)
0O(3)~Co~-N(3) 82.97 (5) O(3)~Co-N(4) 177.08 (5)
N(1)~Co~N(2) 93.84 (6) N(2)~Co~N(3) 170.22 (6)
N(2)~-Co~-N(4) 85.77 (6) N(3)~Co-N(4) 99.40 (6)

NG3)-C(T)-N(5) 1134 (1) N@)-C(D-C(6) 104.2 (1)
N(3)-C(1)-C(8) 103.9 (1) N(5)-C(N-C(6) 1149 (1)
N(5)-C(1)-C(8) 115.1 (1)  C(6)~C(7)~C(8) 104.1 (1)

aminoethyl)-N-(6-amino-4-azahexyl)-a,a-diaminomalonato)]*
(95.2 ppm),’ which contains the new C-N bond between the
a-carbon and a secondary amino group of the 2,3,2-tet ligand.
The configuration of the 3,2,3-tet moiety of the hexadentate ligand
in 3* is expected to be cis-g since in a cis-a configuration the AM?"
moiety in the condensed ligand should be inevitably located in
the opposite position of the secondary amino groups in the 3,2,3-tet,
as shown in Figure 1, thus making the formation of the new C-N
bond impossible.

A single-crystal X-ray analysis confirmed the molecular
structure of 2b. A perspective view of a A-isomer of complex
cation 2* is shown in Figure 2. Selected bond lengths and angles
are cited in Table I1l. The 3,2,3-tet moiety in the condensed
ligand of 2b was found to be a cis-@ configuration, as observed
in the 2,3,2-tet system: the conformation of both of the two
six-membered chelate rings is the chair form; that of the five-
membered ring is & in the A-isomer. The geometry around the
a-carbon of the AM moiety is approximately tetrahedral and the
bond length of the newly formed C-N bond (N(3)—-C(7)) is 1.507
(2) A, which lies in the normal range for those of C(sp®)-N
bonds.!! Conversely, the bond length between the a-carbon (C(7))
and a nitrogen (N(5)) of an uncoordinated amino group is
shortened to 1.427 (2) A, similar to those of C-N bonds for aniline
derivatives. This feature is common for a-diamine complexes
derived from AM?™ and Co(ITT)-polyamine complexes.” The
newly formed a-diamine linkage imposes severe distortion on the
octahedral geometry around the cobalt center (N(2)—Co-N(3),
170.22 (6)°). In addition, unlike 4* and 5*, no hydrogen bonding
around the nitrogen atom N(5) of the uncoordinated amino group
was found in the unit cell of 2b.67

(11) Kagaku bin-ran Kiso-Hen II, The Chemical Society of Japan: Ma-
ruzen, Japan, 1979, p 1386.

The regioselective C-N bond formation has been reported in
the reaction of aminoacetaldehyde with Co(IlI)-tetraamine
complexes such as [CoCly(tren)]*.512 In those cases, the re-
gioselectivity was attributed to the trans effect of the chloride
ligand in a starting complex. Although, the reason for the re-
gioselectivity regulated by the counteranion of 1* and dioxygen
in our system is still under investigation, the reactions under air
and an inert atmosphere appear to proceed via different pathways
regarding the reaction of 1b. Apparently, under an inert atmo-
sphere, an electron transfer from AM? to the Co(III) ion should
occur to form a putative cobalt-iminomalonato intermediate,’!1314
In contrast, under air a photochemical dioxygen activation
probably occurs for the oxidation of AM?*-,

Thus the present observations suggest to us the importance of
selection of counterions, ligands, and reaction conditions when
we use metal complexes as catalyst or mediators to regulate
reactions.
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The fluoroxysulfate ion, SO,F, is the only known ionic hy-
pofluorite.! It is a very strong oxidant capable of oxidizing water,
but the rate of its reaction with water is sufficiently low to allow
studies of its chemistry in aqueous solution.? Aqueous fluor-
oxysulfate appears to react primarily as a 1-electron oxidant, and
an F atom transfer mechanism has been proposed to account for
many of its reactions.? The present work is a study of the laser
flash photolysis and pulse radiolysis of aqueous solutions of SO,F~.

Results and Discussion

Solutions containing SO4F in concentrations between 6 X 107
and 3.6 X 10 M and HCIQ, in concentrations up to 1 M were
laser-flash-irradiated with light of wavelength 193 nm. Upon
irradiation, an instantaneous increase of transient absorbance was
observed in the wavelength region 290-550 nm. Figure | shows
a plot of the optical absorbance 30 ns after the laser pulse as a

* Aarhus University.
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Figure 1. Full curve: spectrum of SO, from ref 3. Points showing the
absorbance measured at the end of the laser pulse, normalized to the
value at 450 nm: (a) {HCIO,] = 0; (@) [HCIO,] = 1073 M; (X) [H-

ClO,] = 1072 M; (0) [HCIO,] = 1 M.
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Figure 2. Absorbance of SO,F- solutions containing 0.01 M HCIO, at
465 nm as a function of time after laser flash irradiation with light of
wavelength 193 nm. From below, [SO,F} = 6.0 X 104, 1.2 X 1073, 2.4
X 1073, and 3.6 X 1073 M; + = experimental points; full curves were
computed for ¢,45(SO,) = 1500 M~ em™ 4 k, = 4.5 X 108 M~ 571 &k,
=6 x 10° M 57, and from below, ks = 1.0 X 10'%, 1.05 X 10'°, 0.95
% 10'°, and 0.90 X 10'° M-t 57! (see text).

function of wavelength and concentration of HCIO,. No change
of the spectrum with HCIO, concentration was observed. In the
figure, the measured spectrum is compared with that of the sulfate
radical ion, SO,", reported in the literature.> The agreement is
satisfactory, and we assign the transient absorbance to SO,~
formed in reaction 1

SO,F =+ 50, +F (0

The decay of the transient absorbance at 465 nm is shown in
Figure 2 for SO,F concentrations of 6 X 107, 1.2 X 1073, 2.4
X 1073 and 3.6 X 10 M in 0.01 M HCIO,. Taking the extinction

coefficient of SO, at 465 nm equal 1500 M~ cm™,* the kinetics
of the decay were found to agree with the mechanism

F+H,O—HF+OH k,> 1085 Q)
280, — S,04* ky = 4.4 X 108 M~ g3 3)
20H — H,0, ky=6 X% 10" M s7!$ (4)
SO, + OH — HSOy" 5

(1) Appelman, E. H,; Basile, L. J.; Thompson, R. C. J. Am. Chem. Soc.
1979, 101, 3384,

(2) Thompson, R. C.; Appelman, E. H. Inorg. Chem. 1980, 19, 3248.

3) g(&’clglro;, W. 1; Waygood, S. 1. J. Chem. Soc., Faraday Trans. 1990,

, 2557.

(4) McElroy, W. 1. J. Phys. Chem. 1990, 94, 2435.

(5) Buxton, G. V.; Greenstock, C. L.; Helman, W. P.; Ross, Alberta B. J.
Phys. Chem. Ref. Data 1988, 17, 513,
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if ks is taken to be (0.95 £ 0.08) X 10! M~! 57!,

Calculation of the wavelength of the absorbance maximum,
Amax for F atoms in water, made by a method analogous to that
used for Cl, Br, and I atoms,® gives A, ~ 370 nm. The fact
that the present laser flash photolysis data can be accounted for
by assuming that only equal amounts of SO,~ and OH are present
in the solution after irradiation suggests k, > 108 s, In contrast,
Cl and Br atoms are readily observed after laser flash photolysis
of aqueous C1O™ and BrO~.” This is in accordance with the fact
that the change in standard Gibbs energy, AG®, for the reactions

Cl + H,0 — H* + CI" + OH (6)
Br + H,0 — H* + Br + OH )

are positive, 31 and 78 kJ mol!, respectively,*"1% whereas AG®
for

F + H,0 — HF + OH (8)

is negative, —100 kJ mol™!.101!

In pulse radiolysis of neutral initially O,-free solutions con-
taining SO,F" in concentrations varying from 2.5 X 10~ to 6 X
1073 M, only the SO, radical was seen. The same yield and decay
kinetics were observed by irradiating O,-free $,04%" solutions.
Subsequent to the primary radiolytic process

Hzo - e,q', OH, H, H202, H2 (9)
SO, radicals are formed from S,04% by the reaction
82032_ + eaq- - SO4_ + SO42- (10)

while the OH radical does not react with S;04*". Consequently
we suggest that the formation of SO, radicals upon electron
irradiation of SO,F solutions takes place via an analogous reaction

SO,F + ¢, — SO, + F- (1)

and that the decay of the SO, radicals takes place by reactions
3-5in both SO,F and S,04> solutions. The experiments imply
that the OH radicals, formed in reaction 9, react very slowly with
SO,F (k < 108 Mt s71), Calculations of ks from the pulse
radiolysis experiments were made for 20-50 Gy, using an ex-
tinction coefficient of 1600 M~! ¢cm™! for SO, at 450 nm.* The
average value, ks = (1.0 £ 0.1) X 10'° M- 571, is in agreement
with the laser flash photolysis experiments.

SO, radicals were also observed in solutions containing per-
chloric acid. The rate constant for reaction of H atoms with SO,F~

SO,F + H — SO, + HF
ki, = (6 2) X 108 M~ 57!

was estimated in the following way. Air-free solutions containing
1.2%1073,3.8 X103 and 6.0 X 10 M SO,F in 0.1 M HCIO,
were irradiated with a dose of 67 Gy approximately 3 min (3.07,
3.20 and 2.45 min) after preparation. The concentration of
molecular oxygen formed by the thermal decomposition of SO,F~
was calculated by taking the rate constant for the decomposition
to be 7 X 107 s7! and the yield of O, to be 36% of the amount
of SO,F~ decomposed.?

Assuming ky; = 2 X 101 M~! 57! and using ks = 1 X 10'® M~!
s7!, the literature value® for k3, and k;3 = 1 X 100 M~ §71 17

H + SO, — HSO,” (13)

(12)
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(12) Buxton, G. V.; Dainton, F. S. Proc. R. Soc. London, A 1968, 304, 441.
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1 1984, 80, 2969.
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Figure 3. Spectrum of SO,F" in neutral aqueous solution.
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we find by computer simulations!®!? of the SO, concentration
as a function of time kj; = (6 £ 2) X 108 M1 571,

In conclusion, our measurements indicate that the primary
photochemical process is a homolytic breakage of the fluorine~
oxygen bond (reaction 1), followed by hydrolysis of the fluorine
atom produced (reaction 2). The pulse radiolytic measurements
of SO,F solutions indicate that reaction of SO,F~ with the hy-
drated electron also entails rupture of the fluorine-oxygen bond

(17) Holcman, J. Private communication.

(18) Bjergbakke, E.; Lang Rasmussen, O. CHEMSIMUL—A Program
Package for Numerical Simulation of Chemical Reaction Systems;
Risa-R-395; Risg National Laboratory: DK 4000 Roskilde, Denmark,
1984.

(19) Bjergbakke, E.; Sehested, K.; Lang Rasmussen, O.; Christensen, H.
Input Files for Computer Simulation of Water Radiolysis; Rise-M-
2430; Riso National Laboratory: DK 4000 Roskilde, Denmark, 1984.

Notes

(reaction 11). The primary process 1 and reaction 11 are thus
analogous to the corresponding processes undergone by hypo-
chlorite and hypobromite.>2 And finally, it was found in pulse
radiolysis of acidic solutions that O~F bond rupture could also
result from reaction of SO,F with the hydrogen atom (reaction
12).

Experimental Section

The apparatus for pulse radiolysis and laser flash photolysis was es-
sentially the same as described previously.!*!5 The pulse width was 0.5
us. Dosimetry for pulse radiolysis was made with the hexacyano-
ferrate(I1) dosimeter (e499(Fe(CN)¢*) = 1000 M cm™, G(Fe(CN)¢*)
= 5.9). Other G values (yields per 100 eV absorbed) were taken to be
Gle,) = Goy = 2.8 and Gy = 0.55. All aqueous solutions were prepared
from triply distilled water. The gases were ultrahigh-purity grade.
Perchloric acid used in the laser flash photolysis experiments was dou-
ble-vacuum-distilled from Vycor (G. Frederick Smith). Cesium fluor-
oxysulfate (97-98%, assayed iodometrically) was prepared as described
elsewhere by fluorination of aqueous cesium sulfate.!® Other materials
were commercial products of reagent grade. Fluoroxysulfate concen-
trations in aqueous solution were determined by addition of C10,7, fol-
lowed by spectrophotometric determination of the ClO, formed.2 The
rate constant for the decomposition of fluoroxysulfate in water was found
to be 7 X 107 57!, in agreement with previous determinations.2 The
spectrum of the fluoroxysulfate ion is shown in Figure 3. During the
first 15 min after preparation of the solution, no absorbance of decom-
position products was observed. Most laser flash photolytic and pulse
radiolytic experiments were completed within less than 3 min after
preparation of the solution. The temperature in all of the experiments
was 21 = 1 °C. Simulations of formation and decay kinetics were
performed on a VAX computer using the CHEMSIMUL program.'3!?
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