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The oxygen atom exchange reaction between the terminal oxygen atom (V=0) of tetradentate Schiff base—oxo-
vanadium(IV) complexes and water slowly proceeds in DMSO solutions. The rate constants kops for the isotopic oxygen
atom exchange reaction in DMSO solutions containing excess H; '80 at 50 °C under an argon atmosphere were obtained for
several complexes (6x 1077 to 6x 107> s™"). The reaction proceeds faster for those complexes with electron-withdrawing
groups at the Schiff base ligand moieties, and slower for the complexes with bulky hydrophobic groups. The oxygen atom
exchange reaction and isomerization reaction under an argon atmosphere and in air were investigated for oxovanadium(IV)
complexes that have two geometrical isomers. Water molecules attack the vanadium atom mainly from the same side
of the oxo ligand for the oxovanadium(IV) complexes, whereas mainly from the opposite side of the oxo ligand for the
oxovanadium(V) complexes produced by oxidation with air.
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The solution chemistry of oxovanadium complexes at-
tract the interest of many researchers these days because
of their catalytic properties'* and biological relevance.*
The isomerization reaction of two diastereomeric isomers of
tetradentate Schiff base—oxovanadium(IV) complexes in ace-
tonitrile—water (95 : 5 v/v) solutions in air has been reported.’
The isomers arising from the mutual disposition of the oxo
ligand and the substituents (X) at the ligand isomerize to each
other via three processes: (1) air oxidation of a fraction of the
oxovanadium(IV) molecules in a solution to oxovanadium-
(V); (2) an oxygen atom exchange reaction between the
oxovanadium(V) species and water; (3) a redox reaction
between the oxovanadium(V) species and the oxovanadium-
(IV) molecules (Fig. 1 (a)). In process (2), water attacks the
vanadium atom from the opposite side of the oxo ligand to
cause isomerization (Fig. 1 (b)). However, recently we have
found that the isotopic oxygen atom exchange reaction be-
tween oxovanadium(IV) complexes and H,'80 slowly pro-
ceeds even under an argon atmosphere in DMSO solutions.
This result does not seem to coincide with the previous report
at first glance. In this study, the rate constants k. for the
isotopic oxygen atom exchange reaction in DMSO solutions
containing excess H, 'O under an argon atmosphere were ob-
tained for several oxovanadium(IV) complexes. The mech-
anisms of the exchange reaction for the oxovanadium(IV)
complexes under an argon atmosphere and that in air are also
discussed. The complexes studied in this paper are listed in
Fig. 2: [VO(Xsalen)] (H,(Xsalen): N,N’-di-Xsalicylidene-

1,2-ethanediamine; X = H (none), 3-EtO (ethoxy), 3-#-Bu (z-
butyl), 5-MeO (methoxy), 5-Cl, and 5-Br), exo- and endo-
[VO(3-EtOsal-meso-stien)] (H,(3-EtOsal-meso-stien: N,N'-
di-3-ethoxysalicylidene-(R,S)(S,R)-1,2-diphenyl-1,2-ethane-
diamine), exo-[VO(sal-meso-bn)] (Hy(sal-meso-bn): N,N'-
disalicylidene-(R,S)(S,R)-2,3-butanediamine), exo-[VO{sal-
(R)-pn}(L)] (Hp{sal-(R)-pn}: N,N'-disalicylidene-(R)-1,
2-propanediamine; L=H,;0, py (pyridine)), [VO(saltn)]
(H,(saltn): N,N’-disalicylidene-1,3-propanediamine), [VO-
(tpp)] (Hytpp: tetraphenylporphin), and [VO(salen)(H,0)]-
NO;.

Experimental

Preparation of the Complexes. [VO(Xsalen)] (X =H, 3-EtO,
3-t-Bu, 5-MeO, 5-Cl, 5-Br),%exo- and endo-[VO(3-EtOsal-meso-
stien)],*? exo-[VO(sal-meso-bn)},'® [VO(saltn)]," [VO(tpp)],'* and
[VO(salen)(H,0)INO;'*"* were prepared by the literature methods.

exo-[VO{sal-(R)-pn}(L)] (L =H,0, py (pyridine)). The
ligand H;{sal-(R)-pn} was prepared by the reaction of (R)-1,2-
propanediamine with two equivalent amounts of salicylaldehyde
in ethanol. The reaction mixture was evaporated to yield an oily
product, which was used for the following reaction without purifi-
cation. To a methanol solution (50 cm®) of the ligand (20 mmol)
and pyridine (10 cm®) was added a hot methanol solution (200 cm’)
of vanadium(IV) oxide sulfate hydrate (5.0 g, 20 mmol). The re-
action mixture was stirred for 30 min at 60 °C, and evaporated to
yield an oily green residue. After the residue was dissolved in hot
ethanol (50 cm?), water (150 cm®) was slowly added to the solu-
tion. After stirring for 30 min, the resulting powdered product was
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Fig. 1. Proposed mechanism for (a) the isomerization re-
action of Schiff base—oxovanadium(IV) complexes in air
and (b) the oxygen atom exchange reaction between Schiff
base—oxovanadium(V) complexes and water.’

collected by filtration, washed with water and dried under reduced
pressure. This crude product was dissolved in dichloromethane,
and an undissolved part was removed by filtration. The filtrate was
evaporated to yield an oily green residue, which was recrystallized
from acetonitrile and water. A mixture of green and purple powders
was collected by filtration and dried. Yield: 5.1 g (74%). A high-
performance liquid chromatography (HPLC) measurement showed
that the mixture contained the two isomers (exo : endo =~ 1:1). The
mixture (3.47 g, 10 mmol) was suspended in CH3CN-H,0 (1:1
(v/v), 200 cm?) for three days in air with stirring. The color of the
powder gradually turned purple. The purple powder was collected
by filtration, and dried in air. The HPLC measurement showed that
the purple complex contained almost exclusively one of the iso-
mers (exo isomer > 95%). Yield of exo-[VO{sal-(R)-pn}(H20)]:
3.45 g (94%). Found: C, 55.91; H, 4.82; N, 7.60%. Calcd for
Ci17H21N303V, : C, 55.90; H, 4.97; N, 7.67%. UV-vis {DMSO,
0/1073 cm™! (loge/M~' cm™")}: 15.4 (sh), 17.2 (2.21), 21.1(sh),
27.5 (3.94), 34.8 (sh), 38.3 (4.34). The dark pink exo-[VO{sal-
(R)-pn}(py)] was obtained by recrystallization of exo-[VO{sal-(R)-
pn}(H,0)] (0.48 g, 1.3 mmol) from hot pyridine (3 cm®). Yield:
0.19 g (31%). Found: C, 61.74; H, 4.88; N, 9.97%. Calcd for
C22H2|N3O3V12 C, 61.97; H, 4.96; N, 9.86%. UV-vis {DMSO,
/1073 ecm™ (loge/M ™! cm™)}: 15.5 (sh), 17.2 (2.16), 21.1(sh),
27.5(3.97), 34.7 (sh), 38.3 (4.40).

Thermal Analysis. A thermogravimetry (TG) measurement
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Fig. 2. Oxovanadium(IV) and oxovanadium(V) complexes

studied in this paper.

of exo-[VO{sal-(R)-pn}(H,0)] up to 100 °C was carried out with
a heating rate of 5 °Cmin~' on a Rigaku Thermoplus TG 8120
thermal analyzer. The measurement showed a 4.15% weight loss
between 30—60 °C, which corresponds to 0.84 mol of water per
vanadium complex.

Kinetic Measurements.  All the organic solvents were dried
and degassed prior to use, and treated under an argon atmosphere.
To a DMSO solution (25 cm®) of the complex (0.05 mmol) was
added 0.1 cm® (ca. 5 mmol) of H2'*0O (> 95 atom%) and the solu-
tion was kept at 50 °C under an argon atmosphere. Approximately
2 cm® portions of the solution were taken out from the vessel at
regular time intervals, and immediately evaporated to dryness be-
low 40 °C under reduced pressure.'> The IR spectra of the products
were measured in KBr disks. The rate constants kops were evalu-
ated from the least-squares slopes of the graph of In ([a)/([a]—[x]))
vs. time, where [a] is the initial concentration of [V'®O(L)] (L:
Schiff base), and [x] is the concentration of [V'®0O(L)] produced.
The [a]/([a]—{x]) values were evaluated from the absorption band
areas of the V="20 and V ="30 stretching bands. The plot of



M. Tsuchimoto et al.

In ([a)/(fa]—[x])) vs. time gave a straight line for at least a half
life."® The rate constants in acetonitrile solution under an argon
atmosphere were obtained by a similar method.

Crystal Structure Determination. Pink prismatic crystals
of exo-[VO{sal-(R)-pn}(py)] were obtained by slow diffusion of
diethyl ether vapor into a pyridine solution of exo-[VO{sal-(R)-
pn}(H,0)]. Green prismatic crystals of [VO(3-¢-Busalen)] were
grown from an acetonitrile solution. The intensity data were col-
lected at 25 °C on a Rigaku four-circle AFC-7R diffractometer with
graphite-monochromatized Mo Ka radiation (1 = 0.71073 A) up
0260 = 55° by 8—26 scans. Three standard reflections were mea-
sured at every 150 reflections. Absorption corrections were made
by the ¥ scans method."” The structures were solved by direct
methods on a Silicon Graphics O workstation with the program
system TEXSAN."® Non-hydrogen atoms were treated anisotropi-
cally, and hydrogen atoms attached to carbon atoms were introduced
at ideal positions. The refinement was based on F against all the
2643 reflections for exo-[VO{sal-(R)-pn}(py)], and against all the
5324 reflections for [VO(3-t-Busalen)]. The absolute structure of
exo-[VO{sal-(R)-pn}(py)] was assigned on the basis of the known
configuration of (R)-1,2-propanediamine, and was confirmed by the
Flack parameter, x = — 0.02(5)."° The crystal data and experimen-
tal details are listed in Table 1. Crystallographic data have been
deposited at the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
and copies can be obtained on request, free of charge, by quoting
the publication citation and the deposition numbers CCDC 147289
and 147290. The complete data are deposited as Document No.
73058 at the Office of the Editor of Bull. Chem. Soc. Jpn.

Measurements. IR spectra were recorded on a JASCO A-
202 spectrophotometer. KBr disks (3 mm ¢) were prepared with a
JASCO MP-1 disk modeling kit and a JASCO MT-1 press. Elec-
tronic spectra were recorded on a JASCO V-570 spectrophotometer.
Cyclic voltammetric measurements were carried out using a Fuso
HECS 321B potential sweep unit on DMSO solutions at 25 °C (1

Table 1.  Crystallographic Data for [VO{sal-(R)-pn}(py)]
and [VO(3-t-Busalen)]

[VO{sal-(R)-pn}py)] [VO(3-t-Busalen)]

Chemical formula C22H21N303V C24H30N203V
fw 426.4 4455
Crystal size/mm 0.50x0.47x0.15 0.45x0.40x0.20
Space group P212,2, P1

alA 16.951(3) 12.636(3)
bIA 18.155(3) 12.901(4)
c/A 6.499(4) 7.697(2)
al® 90 100.85(2)
Br 90 95.99(2)
yI° 90 106.88(2)
VIA® 2000(1) 1162.2(5)

A 4 2
Peate/gcm ™ 1.416 1.273
pfem 5.24 4.53

AIA 0.71073 0.71073
Temp/°C 25 25

RY(I > 20(D) 0.042 0.033
RyY 0.098 0.061

a) R=3[|Fo| = |FelllS|Fol. b) Rw=[3w ([Fo| — |Fe[)*
S wlFol2172, wm! = 02(|Fo)) + 0.00483|Fy|? for [VO{sal-(R)-
pn}py)]l, and w™!'=0%(|F,|) + 0.00164|F,|> for [VO(3-1-
Busalen)].
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mM complex, 0.1 M N(C4Hy),BF,) at a scan rate of 0.1 V s~' (1
M=1moldm™). A glassy carbon electrode, an Ag/AgNO; elec-
trode (Ag/0.01 M AgNO3), and a platinum wire were employed as
the working, reference, and auxiliary electrodes, respectively. As
an external standard, the F}/F, (F. =ferrocene) couple was observed
at 0.172 V vs. Ag/Ag* under these conditions. HPLC was carried
out with a Shimadzu LC-10AD pumping unit and a Shimpack CLC-
ODS column. Acetonitrile—water solutions (7 : 3 v/v for exo- and
endo-{VO(3-EtOsal-meso-stien)], 1:1 v/v for exo-[VO(sal-meso-
bn)], 45 : 55 v/v for exo-[VO{sal-(R)-pn }(L)]) were used as eluents.
The components separated by chromatography were detected with
a Shimadzu SPD-10A UV-vis detector at 250 nm.

Results and Discussion

Synthesis. The oxovanadium(IV) complex with the
ligand sal-(R)-pn can have two geometrical isomers (exo-
and endo-isomers)® arising from the mutual disposition of
the oxo ligand and the methyl group. One of the isomers,
exo-[VO{sal-(R)-pn}(L)] (L=H,O0, py), was isolated. The
reaction of the Schiff base ligand with vanadium(IV) ox-
ide sulfate in methanol gave a mixture of green and purple
powder. The HPLC measurement showed that the mixture
contained the two isomers (exo:endo =~ 1:1). Upon sus-
pending in a CH3CN-H,O (1:1 (v/v)) solution in air for
three days, the mixture gradually turned into a purple pow-
der. The HPLC measurement showed that the purple com-
plex was almost exclusively one of the isomers (> 95%). The
IR spectrum of the purple complex shows a V=0 stretching
band at 975 cm~!. The purple powder changed to a green
powder (v(V=0): 981 cm™!) when it was dried under re-
duced pressure or upon heating at 60 °C. However, the
purple powder was regenerated in a few minutes when the
green powder was exposed to air. The IR, TG, and elemental
analytical data suggest that the purple complex is [VO{sal-
(R)-pn}(H,0)], which has a water ligand trans to the oxo
ligand. The water molecule weakly bonded to the vanadium
atom will be removed under reduced pressure or upon heat-
ing to yield green [VO{sal-(R)-pn}]. Recrystallization of
the complex from pyridine gave dark-pink exo-[VO{sal-(R)-
pn}{py)], whose structure was confirmed by an X-ray crystal
structure analysis. The progress of the isomerization from
the endo- to the exo-isomer during the process of suspend-
ing the mixture in a CH3CN-H;O solution could be due to
both the lower solubility of the exo-isomer than that of the
endo-isomer, and the conditions in which the isomerization
reaction can occur (vide infra).

X-Ray Crystal Structures. X-Ray crystal structure anal-
yses of exo-[VO{sal-(R)-pn}(py)] and [VO(3-t-Busalen)]
were carried out. Molecular structures are shown in Figs. 3
and 4. Selected bond lengths and angles are listed in Ta-
bles 2 and 3. The geometry around the vanadium atom of
exo-[VO{sal-(R)-pn}(py)] is a distorted octahedron with a
weak coordination of a pyridine molecule (V1-N7 distance:
2.636(5) A) in the position trans to the oxo ligand. The
V=0 distance is 1.589(4) A, and the V1 atom is displaced
by 0.370(2) A from the equatorial N,O, coordination plane.
The five-membered N-N chelate ring takes a distorted gauche
conformation with the methyl group in the axial position on
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Fig. 3. ORTEP drawing of [VO{sal-(R)-pn}(py)] with 50%
probability ellipsoids.

Fig. 4.
probability ellipsoids.

ORTEP drawing of [VO(3-t-Busalen)] with 50%

Table 2.  Selected Bond Lengths (/A) and Angles (¢/deg)
of [VO{sal-(R)-pn}(py)]

V1i-02 1.947(3) V1-03 1.947(3)

V1-04 1.589(4) V1-N5 2.062(4)

VI-N6  2.0634) VI1-N7 2.636(5)
02-V1-03 95.2(1) 02-V1-04 102.3(2)
02-VI-N5 89.7(1) 02-V1-N6 158.2(2)
02-VI1-N7 76.4(2) 03-V1-04 102.0(2)
03-V1-N5 156.2(2) 03-V1-No 87.8(1)
03-VI1-N7 80.8(1) 04-V1-N5 99.6(2)
04-V1-N6 98.2(2) 04-V1-N7 177.0(2)
N5-VI1-N6 79.4(2) N5-V1-N7 77.7(2)
N6-VI-N7 82.8(2)

the same side of the oxo ligand (exo-isomer).

The geometry around the vanadium atom of [VO(3-¢-
Busalen)] is a distorted square-pyramidal structure with the
oxo ligand (O4) in the apical position. The V=0 distance
is 1.596(1) A, and the V1 atom is displaced by 0.6367(7) A
from the equatorial N;O, coordination plane. The C9 and
C26 atoms of the #-butyl substituents at the 3-positions de-
viate from the equatorial N,O, plane in the axial positions
opposite to each other (—0.495(3) A for C9 and + 0.670(3)
A for C26) to reduce the steric repulsion between the t-butyl

Oxygen Atom Exchange Reaction

Table 3. Selected Bond Lengths (/A) and Angles (¢p/deg)
of [VO(3-t-Busalen)]

V02  1.912(1) V1-03 1.933(1)
V1-04  1.596(1) V1-N5 2.051(1)
V1-N6  2.062(1)
02-V1-03 87.94(4) 02-V1-04 113.51(6)
02-V1-N5 86.13(5) 02-V1-N6 134.12(5)
03-V1-04 105.63(6) 03-V1-N5 151.39(6)
03-V1-N6 86.37(5) 04-VI1-NS 102.40(6)
04-V1-N6 111.85(6) N5-V1-N6 77.94(6)
groups.

Oxygen Atom Exchange Reaction. The oxygen atom
exchange reaction between the terminal oxygen atom (V=0)
of the Schiff base-oxovanadium(IV) complexes and water
slowly proceeds in DMSO solutions. The rate constants kqps
for the isotopic oxygen atom exchange reaction in DMSO so-
lutions containing a large excess of H,'80 at 50 °C under an
argon atmosphere were evaluated using IR data. Table 4 lists
the kobs data, the V="°0 and V='80 stretching frequencies,?
and V(V)/V(IV) redox potentials. The ko, values (kops =
6x1077 —6x107° s~! at 50 °C) for the present study are
smaller than that for [VO(H20)s] (kobs = (2.9840.25)x 107>
s~!, in H,O at 0 °C.2!' For [VO(Xsalen)] (X=H, 3-EtO,
5-MeO, 5-Cl, 5-Br), the reaction rates of the complexes
that have electron-withdrawing groups and positive E; /, val-
ues (kops = 6x107° s™! and E, , = 0.166 V for [VO(5-Br-
salen)], kobs = 4x107° 57! and E;/, = 0.162 V for [VO-
(5-Clsalen)]) are faster than those of the other complexes
(kovs = 1x107>=2x107> s"" and E, ;, = 0.017—0.071 V).
An increase in the positive charge on the vanadium atom
could accelerate the exchange reaction. On the other hand,
the reactions proceed more slowly for the complexes with
bulky hydrophobic groups (keps = 6x 1076 s~! for [VO(3-t-
Busalen)], 6x10~7 s™! for exo-[VO(3-EtOsal-meso-stien)],
and 4x 107 s~! for endo-[VO(3-EtOsal-meso-stien)]). Fig-
ures 4 and 5 show structures of [VO(3-z-Busalen)] and exo-
and endo-[VO(3-EtOsal-meso-stien)]. The hydrophobic #-
butyl or phenyl groups are oriented in the axial positions
in these complexes. Water molecules would have difficulty
in approaching the vanadium atom of these complexes in
solutions. The exchange reaction did not occur for [VO-
(tpp)], whose vanadium atom is surrounded by the hydro-
phobic macrocyclic ligand. For [VO(saltn)], which has a
polymeric linear chain stracture (---V=0-.-V=0-..) in the
solid state and a distorted octahedral structure with weak
coordination of a solvent molecule in DMSO solution,’ the
exchange reaction was completed within two days. How-
ever, the rate constant could not be obtained because of a
poor separation of the V='°0 and V='80 stretching bands.
The reaction of the oxovanadium(V) complex [VO(salen)-
(H20)INO;3 (kobs = 3x10™* s~! in CH;CN at 25 °C) pro-
ceeds much faster than those of the other oxovanadium(IV)
complexes.

The reaction rates in acetonitrile solutions were obtained



M. Tsuchimoto et al.

Bull. Chem. Soc. Jpn., 73, No. 10 (2000) 2321

Table 4. IR Data, Kinetic Data and Redox Potentials for the V(V)/V(IV) Couples of Oxovanadium(IV) and (V) Complexes

Complex v(V="0)/cm™! v(V="0)em™ kows/sT'® Ei 2/V(AE/mV)®
[VO(salen)] 981,988 941,946 1x10~° 0.071(75)
2%x10739
[VO(3-EtOsalen)] 979 940 1x1073 0.032(73)
2x10739
[VO(5-MeOsalen)] 976,988 937 2x107° 0.017(77)
4%x107°9
[VO(5-Clsalen)] 964,990 943 4%x1073 0.162(76)
[VO(5-Brsalen)] 990 943 6x107° 0.166(79)
[VO(3-s-Busalen)] 985 931 6x107° —0.063(75)
exo-[VO(3-EtOsal-meso-stien)] 977,987 939 6x1077 0.095(80)
endo-[VO(3-EtOsal-meso-stien)] 988 944 4% 107 0.168(66)
exo-[VO(sal-meso-bn)] 987 947 1x107¢ 0.050(73)
exo-[VO{sal-(R)-pn }(H,0)] 966 927 1x107° 0.076(73)
exo-[VO{sal-(R)-pn}(py)] 9559 —° 5%107° 0.071(76)
[VO(saltn)] 859 826 0 0.219(70)
[VO(tpp)] 1005 - - -
[VO(salen)(H20)INO; 965,975 925 3x 10749

a) In a DMSO solution at 50 °C unless otherwise noted. b) All the E, /, values are given vs. Ag/Ag®. Ey, is calculated as the

average of anodic (Epa) and cathodic (Ec) potentials; AEp = Epa —Epc.

¢) In an acetonitrile solution at 50 °C. d) By a Nujol mull

method. ¢) Upon evaporation of a reaction mixture of exo-[VO{sal-(R)-pn}{(py)] and H,'80 in DMSO under reduced pressure,
exo-[V'80{sal-(R)-pn}(H,0)] was obtained. ) The rate constant could not be obtained because of a poor separation of the V = 160
and V = '80 stretching bands.
acetonitrile solution at 25 °C.

Fig. 5. Side views of (a) exo-[VO(3-EtOsal-meso-stien)] and
(b) endo-[VO(3-EtOsal-meso-stien)].>°

for [VO(Xsalen)] (X=H, 3-EtO, and 5-MeQ). There is not
much difference between the rates in DMSQO and those in ace-
tonitrile. However, the exchange reaction proceeds rapidly
in a weakly acidic solvent. The reaction of [VO(salen)] with
H, 30 in acetic acid at 50 °C was too fast to be followed and
was completed within 30 min. The rate constants could not

g) The exchange reaction did not occur.

h) The V(V)/V(IV) couple was not observed. i) In an

be obtained in basic pyridine solutions because of the slow
decomposition of the complexes.

To examine the mechanism of the exchange reaction, the
relationship between the oxygen atom exchange reaction and
the isomerization reaction was investigated for those oxo-
vanadium(IV) complexes having two geometrical isomers.
Table 5 shows the degree of isomerization in the exchange
reaction under an argon atmosphere. Table 6 shows the
isomer ratio at equilibrium and the time required to attain
equilibrium in the reaction in air. Under an argon atmo-
sphere, the oxygen atom exchange reaction proceeded slowly
with little progress of the isomerization. On the other hand,
the isomerization reaction proceeded rapidly in air and at-
tained equilibrium within a few hours except for [VO(sal-
meso-bn)].2 These results suggest that the mechanism of
the oxygen atom exchange reaction under an argon atmo-

Table 5. Isomer Ratio® at the Time When the Ex-
change Reaction Proceeded to 50% under an Argon
Atmosphere.!

Isomer ratio tp

Complex

% h?
exo-[VO(3-EtOsal-meso-stien)) 54 320
endo-[VO(3-EtOsal-meso-stien)] 99 48
exo-[VO(sal-meso-bn)] 6.0 192
exo-[VO{sal-(R)-pn}(H,0)] 9.3 19
exo-[VO{sal-(R)-pn } (py)] 9.0 38

a) ([endo]/lexol+[endo])x 100. b) (['2O)['0)+['°0]) x 100.
c) In a DMSO solution containing 2 mM of the complex and
0.2 M of H,'80 at 50 °C. d) The half-life of the oxygen atom
exchange reaction.
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Table 6. Isomer Ratio® at Equilibrium and the Time Re-
quired to Attain Equilibrium for the Reaction in Air®

Isomer ratio  Time
Complex
% h
exo-[VO(3-EtOsal-meso-stien)] 77 3
endo-[VO(3-EtOsal-meso-stien)] 77 0.5
exo-[VO(sal-meso-bn)] 54 48
exo-[VO{sal-(R)-pn }{H,0)] 49 1
exo-[VO{sal-(R)-pn }(py)] 48 1.5

a) ([endo)/[exo)+[endo])x 100. b) In a DMSO solution contain-
ing 2 mM of the complex and 0.2 M of H,0 at 50 °C.

sphere is different from that in air. Water molecules will
attack the vanadium atom mainly from the same side of
the oxo ligand for the oxovanadium(IV) complexes (Fig. 6),
whereas mainly from the opposite side of the oxo ligand for
the oxovanadium(V) complexes produced by oxidation with
air (Fig. 1(b)). As water molecules attack the vanadium atom
mainly from the same side of the oxo ligand, isomerization
scarcely proceeds in the reaction under an argon atmosphere.
The slower exchange reaction of exo-[VO(3-EtOsal-meso-
stien)] (kobs = 6 10~7 s~ 1) than that of endo-[VO(3-EtOsal-
meso-stien)] (kobs = 4x 10~% s~ 1) under an argon atmosphere
is in accord with the mechanism. The exo-isomer has an ax-
ially-oriented hydrophobic phenyl substituent on the same
side of the oxo ligand, whereas the endo-isomer has the sub-
stituent on the opposite side of the oxo ligand (Fig. 5).

The difference between the reaction mechanism for the
oxovanadium(IV) complexes and that for the oxovanadium-
(V) complexes can be explained based on the difference
in their structures. Most tetradentate Schiff base—oxo-
vanadium(IV) complexes have five-coordinate monomeric
structures with a square-pyramidal geometry, and several
oxovanadium(IV) complexes have six-coordinate polymeric
linear chain structures (---V=0---V=0---)'"" or monomeric
distorted octahedral structures with weak coordination of a
solvent molecule in the position trans to the oxo ligand.?
On the other hand, all Schiff base—oxovanadium(V) com-
plexes have six-coordinate octahedral structures with weak
coordination of a solvent molecule’?* or a counter anion.?2
In other words, oxovanadium(IV) complexes tend to have a
square-pyramidal structure, whereas oxovanadium(V) com-
plexes tend to have an octahedral structure. The deviation
of the vanadium atom from the N>O; coordination plane is
usually 0.50—0.63 A for the Schiff base—oxovanadium(IV)
complexes with square-pyramidal structures,”'**"2% (.27—
0.40 A for the Schiff base—oxovanadium(IV) complexes
with octahedral structures (polymeric and monomeric com-

H  "OH, H HO e
(ﬁ HO\? /O/—H it
CID = DS =

Fig. 6. Proposed mechanism for the oxygen atom exchange
reaction between oxovanadium(IV) complexes and water.
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plexes),' %2 and 0.21-—0.32 A for the Schiff base-oxo-
vanadium(V) complexes with octahedral structures.'>?—26
The DMSO solutions of all the oxovanadium (IV) complexes
in Table 5 are green, and their electronic spectra show d—d
transition bands characteristic of the complexes with square-
pyramidal structures.*1° The large deviation will cause an
attack of water molecules on the vanadium atom from the
same side of the oxo ligand to be more favorable.

Small progress of the isomerization reaction (< 10%) was
observed in the reaction under an argon atmosphere, as shown
in Table 5. It may be due to the mechanism that a part of the
water molecules attack the vanadium atom from the opposite
side of the oxo ligand. Although most water molecules in the
solution are supposed to attack the vanadium atom from the
same side of the oxo ligand, there may be a small amount of
the molecules that attack the vanadium atom from the oppo-
site side of the oxo ligand, especially for exo-[VO{sal-(R)-
pn}L)] (L=H,O0, py), which tend to form distorted octahe-
dral structures in the solid state.

The authors thank Mr. Hidenori Fushiki (Keio University)
for his assistance in the kinetic measurements.
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