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THIO- AND SELENO-AMIDO GROUPS AS
REDUCING AGENTS TOWARDS OsO..
A KINETIC STUDY WITH SOME
IMIDAZOLIDINE-2-SELONEST
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ANGELO DIAZ and GAETANO VERANI

Istituto di Chimica Generale ed Inorganica Via Ospedale, 72, 09100
Cagliari, Italy

(Received June 4, 1981; in final form September 14, 1981)

0s0, reacts with imidazolidine-2-selone and its N-methyi and N-ethyl-substituted derivatives in H,O/
EtOH (1:1 vol) in presence of perchloric acid to give [OsLe]*". The infrared spectroscopy shows that the
imidazolidines bind the metal ion through the selenium in the same way as the imidazolidine-2-thiones
use the thioketonic sulfur. By spectrophotometric measurements, the formation of [OsL¢)* has been
followed in time, recording the increase of absorbance at the wavelengths of the maxima of absorption
of the complex. The pseudo-first order rate constants are linear both with respect to the acid and the li-
gand concentrations, indicating that the rate determining step involves one proton and one molecule of
the ligand. The reaction has also been followed with selenourea only at 6°C. The activation parameters
for the sulfur and selenium compounds have been comparatively discussed.

INTRODUCTION

The kinetics of OsQq reduction in acidified media by thioureas and some ethylene-
thioureas have been recently investigated.'™ In all the cases studied, osmium
(VIII) undergoes a reduction to Os(I11) giving the [Os(HL)s]** complex according to
the following reaction:

20504 + 22HL + 6H" — 2[Os(HL)s]** + 5L, + 8H,0

where HL is the ligand and L, indicates the product of the ligand oxidation, i.e. the
disulfide. The kinetic experiments were carried out in presence of perchloric acid
in H:O/EtOH (1:1 vol) and for thiourea also in water. Now, this investigation has
been extended to some parent selenium compounds, i.e.

R
HN N—R H dise
Y Me diseme
Se Et diset

and selenourea (su), with the aim of comparing the reducing abilities of the sele-
nium compounds with those of sulfur. On the other hand, the substitution of the
sulfur with the more nucleophilic selenium atom affects the reaction rate and,
sometimes, produces a change in the mechanism, as observed for examyle in the
acid dependent decomposition of some dithio- and diselenocarbamates.*

T This work was supported by C.N.R. of Rome.
* Author to whom all correspondence should be directed.
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RESULTS AND DISCUSSION

As found for thiourea and imidazolidine-2-thiones, the aforementioned selonic li-
gands react with OsO4 in HyO/EtOH (1:1 vol) in presence of HCIO, to give oc-
tahedral complexes of Os(III) in which the metal is surrounded by six molecules of
ligands. The elemental analysis of the complexes are reported in the experimental
section.

The coordinating bond occurs through the selenium atom as shown by the dis-
placements of the i.r, significant bands of the complexes with respect to those of the
free ligand (Table I). The shifts of »(NH) and A(NH) exclude nitrogen as coordinat-
ing atom since in this case® larger downward shifts would be expected. On the other
hand, the bands attributed to »(CN) + §(NH) undergo shifts towards higher fre-
quencies, indicating an increase of the m-bond order on C==N, in agreement with a
Se—metal bond. This coordination is also confirmed by the shifts of the bands aris-
ing from the >C=Se vibrations.

In the infrared spectra of the complexes, the presence of a peak at ~940 cm™, due
to the v; of the ClO; ion, indicates a lowering of its tetrahedral symmetry caused
by a distortion occuring in the crystal lattice. The symmetry lowering of perchlorate
ion is also visible in the splittings of the v; and »4 bands. This is very clear in the i.r.
spectrum of the selenourea complex, where v, is present as a medium peak at 938
cm’’, and »; and 4 are splitted in three well-defined bands (1142 vs, 1112 vs and
1088 vs for v; and 636 s, 629 s and 625 s for va).

In the visible spectrum, all the complexes show broad absorptions at around 600
nm, which are shifted towards higher wavelengths with respect to the corresponding
sulphur compounds of ca. 100 nm; this well agrees with the major polarizability of
the selenium atom. Due to the presence of these typical absorptions of the Os(III)
complexes, we have been able to follow their formation kinetically.

The kinetic measurements have been performed in H;O/EtOH (1:1 vol) in large
excess of perchloric acid and ligand concentrations in order to assure the pseudo-
order conditions with respect to osmium, buffering the solutions at ionic strength
u = 1.000 by means of sodium perchlorate. The kinetics have been followed in
time-drive by recording the absorbance increases in time until a constant value (A«)
was obtained; the plots of In (Aw — A) versus time are straight lines, whose slopes
are the pseudo-order constants (Kobs)

The kons’s obtained at four temperatures and different acid and ligand concentra-
tions are collected in Figures 1, 2 and 3 for dise, diseme and diset respectively.’ The
linearity of the kows's with the ligand concentrations indicates that the reaction is of
first-order with respect to the ligand.

Their slopes i.e. kabs/|L[, plotted against the perchloric acid concentrations (see
Table II), are still straight lines which pass through the origin; thus the reaction is
of first order also with respect to the acid. Therefore, the rate determining step in-
volves one molecule of osmium tetroxide, one of ligand and one of acid in accord-
ance with the rate equation

1

V = Kobs [0504] = k [L] [HCIO4] [OsOq] (1)

This equation is the same as that found for the analogous reaction with
imidazolidine-2-thiones.?

As far as regards the selenourea, the reaction is very fast and only measurements
at low acid and ligand concentrations (in pseudo-order conditions) at 6°C have been
carried out. Also in this case, the kops’s are straight lines with respect both to the li-
gand and to the acid concentrations and pass through the origin.
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FIGURE 1 Plots of kobs's against the imidazolidine-2-selone concentrations at various temperatures
and different acid concentrations ([HCIO,] = 0.137, A.212, ©.380, ¥%.550, %.700M; H,O/EtOH 1:1
vol; u = 1.000)

Hence the selenourea behaves differently from thiourea (tu)® since for this com-
pound the rate equation was
v = (ki[tu] + k2) [HC1O4] [OsO4] )

The Eq. (2) differs from (1) for the presence of a process which is non-dependent
on the thiourea concentration. This should be explained by comparing the relative
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FIGURE 2 Plots of kobs's against the N-methyl-imidazolidine-2-selone concentrations at various
temperatures and different acid concentrations ([HCIO4] = O.137, A.212, @.380, ¥.550, %.700M; H,0/
EtOH 1:1 vol; u = 1.000)

specific rates for the same process, which are 20.6 £ 2 and 3.4 107 (1> mol ™ sec™)
for selenourea and thiourea'® respectively. Clearly the very high value of k; for su
makes the term k; of Eq. (2) negligible.

The specific rate constants at 20°C and the activation parameters for the OsOs
reduction both with the imidazolidine-2-thiones and 2-selones are reported in Table
III. The OsOq reduction with the selenium compounds is ca. 600 times faster than
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FIGURE 3 Plots of kone's against the N-ethyl-imidazolidine-2-selone concentrations at various temper-
atures and different acid concentrations ([HC104] = 0.137, A.212, @.380, ¥.550, *.700M; H,O/E1OH
L:1 vol; u = 1.000)

that with the corresponding sulfur ones, in agreement with the higher nucleophilic
properties of selenium with respect to sulfur. In fact this difference is due to the
much lower values of AH” for the selenium derivatives, while the AS™ values are
similar for the corresponding compounds of the two series, thus confirming the
same mechanism,



10: 59 30 January 2011

Downl oaded At:

REDUCTION OF 0sO, BY (Y)C(N<), (Y=S, Sg) 311
TABLE 11

koos/ILI(1-mol™ sec”™') as a function of the acid concentration at different temperatures and specific rate
constants k(1’molsec™") of the OsO4 reduction with the imidazolidines-2-selone in H,O/EtOH (1:1 vol)

t [HCIO] k
(°C)  Ligand 137 212 380 .550 .700 (1’mol %sec™)
6 dise 87+.02 127+.01 260+.07 380+.06 4.75+.08 6.92 + .14

diseme _— 99+ .01 204%£.06 280x.05 3.65%.06 523+ .14
diset —_ 101 £.03 1.69%+.05 261%x.03 3321 .07 474 % .11
12 dise 109+ .03 184+ .04 332+.03 553+.20 6.89+.14 10.08 + .37
diseme 90+ .03 131+£.05 271+.04 373+.07 485+ .08 697 £ .15
diset — 1234+ .05 224+ .08 340%.15 4304 .05 6.19 + .10
18 dise 1534+ .02 235+.04 469+.08 694x.13 — 12.75 + .37
diseme 1.124+ .01 152+ .06 300+ .03 483+.04 589+ .04 8.62 + .30
diset L13+.01 1.59+.02 293+.06 408+ .08 5.60+ .21 7.80 £ .23
24 dise 187+ .02 290+ .03 59 +.10 896+ .09 — 16.46 + .64
diseme 1364+ .03 2121+ .02 4.19%+.14 635+ .08 — 11.63 + .39
diset 144+ 06 192+ .05 365%.05 539+.12 — 9.72 + .25
TABLE 111

Specific rate constants at 20°C and activation parameters for the OsO, reduction with
imidazolidines-2-thione and 2-selone

RN CH;+CH,+NH-C=Y Kage AH™ —As*
R Y (mol?1*sec™) (KJ/mol) (J/mol°K)
H S 2.28-1¢72 452+ 0.6 1222419
H Se 13.99 302+ 1.6 119.6 + 5.5
Me S 1.32-107 494+ 0.4 1121+ 1.3
Me Se 9.70 27.6 £ 1.5 131.7 £ 5.1
Et S 1.68-10 43.1 £ 0.7 131.8 £ 2.2
Et Se 8.41 250+ 1.2 141.6 + 4.1
EXPERIMENTAL

Os(11l) complexes

The ligands have been prepared and purified as previously reported.'' ™ The complexes have been pre-
pared by reacting osmium tetroxide with the ligand {1:15 molar ratio) in H;O/EtOH (1:1 vol) in pres-
ence of perchloric acid (~3M).

Anal. [Os(dise)s]J(ClO4)s: Caled. for CisH3sCI3N;20:0sSes: C, 15.6: H, 2.6: N, 12.2 Found: C, 15.6: H,
2.7: N, 12.1.

Anal. [Os(diseme)s](ClOy);: Caled. for CasHysClsN1201208Ses: C, 19.7: H, 3.3: N, 11.5. Found: C, 19.6:
H, 3.3: N, 11.4.

Anal. [Os(diset)s](ClO4)3: Calcd. for C3oHeoCl3N120120s8e6: C, 23.2: H, 3.9: N, 10.8. Found: C, 23.3: H,
3.9: N, 10.9.

The visible spectra of the complexes, recorded at the end of the reaction, show broad absorptions
around 600 nm, where it is possible to identify the following three bands (nm), whose ¢ values are in
parentheses. [Os(dise)s)(ClO4)s: 578sh(2700), 604(2850), 650(2530); [Os(diseme)sJ(ClO4)s: 580(3050),
610(3150), 660(2660); [Os(diset)s](ClO4)s: 590(3300), 618(3500), 660(3150); [Os(su)sJ(ClO4)s: 560(2750),
604(2760). 650(2450).



10: 59 30 January 2011

Downl oaded At:

312 F. CRISTIANI et al.
Kinetic measurements

The osmium tetroxide solution was prepared in water by weighing. The perchloric acid solutions were
prepared in H;O/EtOH (1:1 vol) and tested by titrations with NaOH. The solutions of sodium perchlo-
rate and imidazolidine-2-selones were prepared in H2O/EtOH by weighing. The solutions for the Kinetic
experiments were prepared by mixing the appropriate amounts of ligand, HCIO, and NaClO. (which was
added to keep the ionic strength u = 1.000 constant). To a prethermostattied solution, 50 ul of the OsO4
solution were added directly in the measuring cell under stirring. Experiments carried out with different
amounts of OsOs (20-100 ul) gave the same Kops values.

The increase of the absorbance was followed in time-drive at the maximum wavelength of the complex
until a constant value was obtained.

Data processing

The kebs's were obtained from the slopes of the plots In (A=-A:) against time. All the straight lines were
calculated by the least squares method.

Physical measurements

The infrared spectra were recorded on a Perkin Elmer 325 spectrophotometer as KBr discs (4000-400
cm™') and as Nujol mulls between CslI discs (450-200 cm™).

The visible spectra and the kinetic measurements were recorded with a Perkin Elmer mod. 402
spectrophotometer.
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