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The isomerization between the two diastereomers of [VIVO{3-MeOsal,sal-(RR)-
chxn}] (H2{3-MeOsal,sal-(RR)-chxn}=N-salicylidene-N'-3-methoxysalicylidene- (RR)-
1,2-cyclohexanediamine) in acetonitrile-water(95:5 v/v) was observed under aerobic
conditions. The reaction was accelerated by the addition of [VVO(salen)]Cl104
(Hpsalen=N,N'-disalicylidene-1,2-ethanediamine), but the complex did not isomerize in
dry acetonitrile. The mechanism of the isomerization was investigated.

Oxovanadium(IV) complexes containing an unsymmetrical tetradentate Schiff base ligand such as 3-
Xsal,sal-(RR)-chxn (X=MeO, EtO) can have a pair of diastereomers (Fig. 1), which can isomerize to each other
by changing the disposition of the oxo ligand. However, the V=0 bond of oxovanadium(IV) complexes is said
to be rather stable and inert.1) We have reported the preparation of the two isomers of [VIVO{3-EtOsal,sal-(RR)-
chxn}] and their isomerization in the solid state.2) The stability of each isomer of these and related complexes in
solution still remains unknown. In this letter we report the isomerization between the two diastereomers of
[VIVO{3-MeOsal,sal-(RR)-chxn}] in acetonitrile-water(95:5 v/v).
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Fig. 1. Two isomers of [VIVO{3—MeOsa1,sa1-(RR)~chxn}]. 3)

The two isomers (I and II) of [VIVO{3-MeOsal,sal-(RR)-chxn}] (Fig. 1) were prepared according to the
reported procedures.2‘4) Found for isomer 1 :C, 57.53; H, 5.24; N, 6.31%. Calcd for [VO{3-MeOsal,sal-
(RR)-chxn}]-H20=C21H24N205V: C, 57.93; H, 5.56; N, 6.43%. Found for isomer II :C, 56.41; H, 5.09; N,
6.18%. Calcd for [VO{3-MeOsal,sal-(RR)-chxn}]-1.5H20=C21H25N205 5V: C, 56.76; H, 5.67; N, 6.30%.
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The progress of isomerization between isomers I and II was followed by a high-performance liquid
chromatographic (HPLC) method. Each isomer of [VIVO{3-MeOsal,sal-(RR)-chxn}] was dissolved in
acetonitrile-water(95:5 v/v) and the solution was maintained at 40 °C in the air. Portions of the reaction mixture
were withdrawn at intervals and chromatographed on a column (20.46 cm x 15 cm) of JASCO CrestPak C18S
with CH3CN-H20(44:56 v/v) as an eluent. The isomers I and II were detected at 250 nm where they have the
same molar absorption coefficient. The reaction profile of isomerization of isomer I to II at 40 °C is given in Fig.
2(a). The isomerization reaction proceeded slowly to yield a ca. 1:1 mixture of isomers I and II in 8 hours. At
room temperature it took more than a few days to attain equilibrium. In an atmosphere of nitrogen, the complex
was stable and the isomerization did not take place. When isomer I was dissolved in dry acetonitrile in the air,
formation of any amount of isomer II was not observed by the HPLC analysis in 8 hours.
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Fig. 2. Reaction profile of isomerization of isomer I to II of [VIVO{3-MeOsal,sal-(RR)-chxn}]. (a) [VIVO{3-
MeOsal,sal-(RR)-chxn}]-I (1.2x10-3 mol dm-3) in CH3CN-H20(95:5 v/v) at 40 °C under aerobic conditions.
®) [VIVO{3-MeOsal,sal-(RR)-chxn}]-I (1.2x10-3 mol dm-3) in CH3CN-H2O(95:5 v/v) at 25 °C in the presence
of [VVO(salen)]C104 (9.2x10-5 mol dm-3) in an atmosphere of nitrogen.

[VIVO(SB)] (SB=tetradentate Schiff base ligand) is oxidized to [VVO(SB)]* by dioxygen.5) Therefore, it
is expected that a part of [VIVO{3-MeOsal,sal-(RR)-chxn}] was oxidized in solution under aerobic conditions to
the corresponding VO3+ species. The formation of the VO3+ species seems to be the first step of the
isomerization reaction. Accordingly, a small portion of [VVO(salen)]C104 was added as an oxidizing agent to an
acetonitrile-water (95:5 v/v) solution of isomer I ([VVO(salen)]Cl04 : [VIVO{3-MeOsal,sal-(RR)-chxn}]-I =
0.08 : 1) in an atmosphere of nitrogen. The isomerization reaction proceeded fast (Fig. 2(b)). The redox reaction
(1) between [VIVO{3-MeOsal,sal-(RR)-chxn}]-I and [VVO(salen)]C104 took place immediately, and
[VIVO(salen)] was detected by the HPLC analysis. Thus the fast redox reaction occured prior to the
isomerization, and the VO3+ species formed would catalyze the isomerization reaction.

[VVO{3-MeOsal,sal-(RR)-chxn}l-I + [VVYO(salen)l*

~——> [VYO(3-MeOsal,sal-(RR)-chxn}I*-I + [VVO(salen)] ... (1)

[VVO{3-MeOsal,sal-(RR)-chxn}]t also has two isomers corresponding to isomers I and II. In order to
investigate the isomerization rate of [VVO{3-MeOsal,sal-(RR)-chxn}]* we tried to isolate these isomers by
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oxidizing I or II of [VIVO{3-MeOsal,sal-(RR)-chxn}] with Ce(IV), but only a mixture of isomers was obtained.
This result suggests a facile isomerization of [VYO{3-MeOsal,sal-(RR)-chxn}]* in solution during oxidation
and/or isolation. Fortunately, we could get one isomer of [VVO{sal-(R)-pn}]NO 3,6) and studied its
isomerization by 1H NMR spectroscopy. The isomer of [VVO{sal-(R)-pn}]NO3 was dissolved in DMSO-dg
containing a small amount of water at room temperature. The 1H NMR spectra were measured at intervals. The
intensity of the doublet (1.50 ppm) of CH3 group of (R)-pn moiety decreased with time, and a new doublet
attributable to the CH3 group of the other isomer appeared at 1.39 ppm. The complex attained equilibrium within
1.5 hours. The relative abundance of the two isomers was ca. 2:1; the isomer showing the doublet at 1.50 ppm
being more abundant than the other. Thus, [VVO({sal-(R)-pn}]* easily isomerized in solution containing a small
amount of water. In order to examine if the oxo ligand in a vO3+ complex is exchanged readily with water, we
used oxygen-18 as an isotopic tracer. [VVO{sal-(R)-pn}]NO3 was dissolved in acetonitrile-H2180 (95:5 v/v)
and left for 2 hours at room temperature. The solvent was removed by evaporation at reduced pressure and the
complex was collected. The IR spectrum of the collected complex showed the V=180 stretching at 922 eml
while v(y=160) of the original complex, [VVO{sal-(R)-pn}]NO3, was at 962 cm~1, a complete exchange being
indicated. Since VO3+ complexes prefer a six-coordinate structure, the coordination of water to the trans position
of the oxo ligand was expected. The isomerization is supposed to occur by the following proton migration and
elimination of the oxo ligand as water (Scheme 1).
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Fig. 3. A proposed mechanism of the isomerization of [VO{3-MeOsal,sal-(RR)-chxn}] in solution.
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Figure 3 shows a proposed mechanism of the isomerization of [VO{3-MeOsal,sal-(RR)-chxn}]. [VIVO{3-
MeOsal,sal-(RR)-chxn}]-I is oxidized to [VVYO{3-MeOsal,sal-(RR)-chxn}]*-I, and isomerizes to [VYO{3-
MeOsal,sal-(RR)-chxn}]*-II in the course of oxo ligand exchange with oxygen of water. Then, [VVO{3-
MeOsal,sal-(RR)-chxn}]*-II is reduced by an oxovanadium(IV) complex to yield the isomerized product of
[VIVO{3-MeOsal,sal-(RR)-chxn}]-IL In order to make the details of isomerization mechanism clear, we are now
investigating the kinetics of the redox reaction between oxovanadium(IV) and oxovanadium(V) species (first step)
and the oxo ligand exchange of oxovanadium(V) complexes (second step).
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