Structure, characterization and photoreactivity of monomeric
dioxovanadium(v) Schiff-base complexes of trigonal-bipyramidal geometry
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Five mononuclear cis-dioxovanadium(v) complexes of tridentate Schiff bases derived from salicylaldehyde and
its derivatives and 8-aminoquinoline have been synthesized and characterized. Single-crystal X-ray analyses
were performed with [VO,L'] 1 and [VO,L2]2(L! and L? denote the [! + 1] Schiff-base anions derived
from salicylaldehyde or naphthaldehyde and 8-aminoquinoline). While the structure of 2 was refined to a final
R = 0.074 (R’ = 0.055), that of 1 was refined only to R = 0.134 (R’ = 0.139) due to its poor diffraction
quality. The complexes contain ¢is-0xo groups in the equatorial plane and a trigonal-bipyramidal geometry
around the vanadium at which the Schiff base binds meridionally. Photoirradiation of these complexes in
CH,Cl, yielded chloride-bound VO** species, as studied using absorption and 'V NMR spectroscopy. These
species are convertible back to the dioxovanadium(v) complexes upon addition of water to the photoirradiated

solution.

Vanadium is an essential bioelement and is involved in various
catalytic and inhibitory processes.!? Vanadium(v) complexes
are known as potent inhibitors for various enzymes. It has been
proposed that the monomeric VY acts as a transition-state
analogue of the pentavalent trigonal-bipyramidal (7TBPY)
intermediate of phosphate hydrolysis.> Only a few complexes
of dioxovanadium with TBPY geometry are known in the
literature and these have mainly resulted from the dimerization
of tetrahedral vanadium(v) centres.**> However, a sterically
hindered dioxovanadium(v) complex has been synthesized
recently® and provides impetus for the synthesis of TBPY
complexes. Dioxovanadium(v) complexes [VO,L] on addition
of acid become protonated to give first [VO(OH)L] ™ and then
[V(OH),L]** formulated as [VOL]** + H,0.7-®* However,
there are no reports on the formation of such species by
photoirradiation.

In continuation of our investigations of oxovanadium
chemistry,® ! we here report the synthesis, characterization by
various spectral methods and photochemical conversion of five
complexes possessing the VO,* moiety and TBPY geometry,
and the crystal structures of two of these.

Experimental

Absorption spectra were measured using a Shimadzu UV-260
spectrophotometcr, Fourier-transform IR spectra in a KBr
matrix on a Nicolet spectrometer, EPR spectra using a Varian
ESR-112 spectrometer with tetracyanoethylene (tcne) as the
field marker (g = 2.002 77). The 'H, '3*C and *!V NMR spectra
were measured using a JEOL JNM GSX-270 FT spectrometer
working at 270, 68.003 and 71.057 MHz, respectively, and
equipped with a 10 mm tunable probe head using (CD;),SO
and CH,Cl, solutions. All free induction decays were digitally
filtered by an exponential line-broadening function of digital
resolution prior to Fourier transform. The *!V shifts are referred
to the signal of external VOClI; in a 1 mm diameter capillary tube
inserted coaxially in the 10 mm NMR tube. Carbon, hydrogen
and nitrogen analysis was done using a Carlo-Erba analyser. The
vanadium content was determined using inductively coupled
plasma atomic emission spectroscopy (ICPAES).
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Materials

Salicylaldehyde (Hsal) was procured from local sources and
distilled before use; 3-methoxy- and 4-hydroxy-salicylaldehyde
were obtained from Aldrich Chemical Co. (USA). 2-Hydroxy-
1-naphthaldehyde was prepared from 2-naphthol by the Duff
method.!? 8-Aminoquinoline (Lancaster, UK), vanadium
pentaoxide (Loba. India), S5-bromosalicylaldehyde (SRL,
India) and absolute ethanol (E. Merck, Germany) were used as
received.

Syntheses

[VO(OEt),]. Vanadium pentaoxide (0.120 g) was refluxed in
absolute EtOH (55 cm?) for 24 h and filtered. The green residue
(0.020 g) was discarded and the pale yellow filtrate (=1 mmol)
used in the following reactions.

Dioxovanadium(v) complexes 1-5. All the complexes were

synthesized and purified in a similar manner and a typical
procedure for 1 is given below.
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Table 2 Summary of crystallographic data and parameters for

compound 2

Table 1 Elemental analyses for complexes 1-5 and 1" *

Analysis (%)

Complex C H N v

1 57.75 3.25 8.35 15.80
(58.20) (3.35) (8.50) (15.45)

2 62.95 3.45 7.15 13.80
(63.15) (3.45) (7.35) (13.40)

3 56.75 3.60 7.70 14.55
(56.70) (3.65) (7.80) (14.15)

4 47.45 2.55 6.95 12.30
(46.95) (2.45) (6.85) (12.45)

5 55.65 3.20 8.05 15.35
(55.50) (3.20) (8.10) (14.70)

1 45.35 3.20 5.95 11.55
(45.20) (3.10) (6.20) (11.30)

* Calculated values in parentheses.

To 8-aminoquinoline (1 mmol, 0.144 g) in absolute EtOH
(10 cm®) was added Hsal (1 mmol, 0.121 g) in absolute EtOH
(10 cm?) and heated for 1 h. The solution was cooled and
[VO(OEt);] (1 mmol) was added dropwise. A yellow precipi-
tate formed immediately and the reaction mixture was heated
for 3 h. The precipitate was filtered off and stirred in hot
absolute EtOH for 1 h, filtered, washed with diethyl ether
and dried in vacuo.

Complexes 1-5 were obtained using the ligands HL'-HL? in
about 55% yield. Single crystals suitable for X-ray diffraction
in the case of 1 and 2 were grown from Me,SO solution.
Proton and '*C NMR spectra supported the formation of the
complexes and their intact nature in solution.

[VO(OH)L(C)]-CH,Cl, 1'. Complex [VO,L'] 1 (0.033 g)
was photoirradiated in CH,Cl, (50 cm?®) using a 25 W
fluorescent light for 7 d. The final violet-blue solution was
filtered and concentrated to 5 cm? by slow evaporation in a
moisture-free atmosphere to give a dark precipitate. The latter
was filtered off and dried in vacuo to yield 1.

Elemental analyses are given in Table 1.

X-Ray crystallography

X-Ray diffraction data were collected for complex 2 on an
Enraf-Nonius CAD4 diffractometer at ambient temperature in
26 scan mode using Mo-Ka« radiation (A = 0.710 73 A). The
structure was solved using direct methods (SHELXS 86 !2) and
refined with CRYSTALS.'* The hydrogen atoms bonded to
C were geometrically placed (C-H 1.00 A). Full-matrix least-
squares refinement with anisotropic thermal parameters for
all non-hydrogen atoms was used. The hydrogen atoms were
treated as riding atoms with a fixed thermal parameter (U,,, =
0.08 A2). An empirical (y scan) absorption correction was
applied using four reflections. A residual electron density of 2.1
e A~? was observed in the final Fourier-difference map and this
made no interpretable contacts with the rest of the structure.
Other details of the data collection and refinement (based on
F?) are provided in Table 2. Coordinates of all non-hydrogen
atoms of structure 2 are given in Table 3, important bond
lengths and angles in Table 4.

Complete atomic coordinates, thermal parameters and bond
lengths and angles have been deposited at the Cambridge
Crystallographic Data Centre. See Instructions for Authors,
J. Chem. Soc., Dalton Trans., 1996, Issue 1.

Results and Discussion

With monobasic tridentate ligands, the dioxovanadium(v)
complexes formed are usually dimeric and six-co-ordinated.
However, when these ligands are modified with additional steric
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Formula C,oH{3N,0,V
M 380.28

Crystal system Monoclinic
Space group P2,/n

Crystal dimensions/mm 0.10 x 0.40 x 0.50
alA 12.637(2)

b/A 8.994(1)

c/A 14.589(2)

B/° 107.67(1)
U/A? 1579.8(4)

VA 4

Djgcem™ 1.60

F(000) 776

Total reflections 4899

Unique reflections 3791

Observed reflections [/ > 30(/)] 2714
Parameters 235

Final R 0.074

Final R’ 0.055

R * 0.026

int

* Rim = ZIF? — (F?)peanl/EF?, where a Chebychev weighting scheme
was employed.

Table 3 Fractional atomic coordinates with standard deviations in
parentheses for complex 2

Atom x y z

A% 0.304 70(5) 0.1496 4(6) 0.388 11(4)
o(1) 0.241 2(2) 0.026 0(4) 0.464 3(2)
O(s1)  0.3173(3) 0.029 4(3) 0.309 5(2)
O(52)  0.198 3(2) 0.2552(3) 0.340 1(3)
N(1) 0.436 8(2) 0.1749(3) 0.521 9(2)
N(2) 0.416 5(2) 0.296 7(3) 0.354 3(2)
C() 0.268 1(3) —0.029 4(4) 0.550 0(3)
C(2) 0.192 5(3) —0.132 6(5) 0.570 0(3)
C@3) 0.213 0(4) —0.193 7(5) 0.657 2(3)
C(4) 0.309 3(3) —0.157 4(4) 0.734 8(3)
C(5) 0.327 8(4) —0.220 0(5) 0.826 2(3)
C(6) 0.419 2(4) —0.183 7(6) 0.901 9(3)
(&) 0.496 3(4) —0.082 5(5) 0.885 6(3)
C(8) 0.4821(3) —0.021 1(5) 0.796 3(3)
C) 0.386 9(3) —0.0557(4) 0.717 6(2)
C(10) 0.366 6(3) 0.007 8(4) 0.622 2(2)
C(11) 0.444 2(3) 0.109 3(4) 0.603 7(2)
C(12) 0.524 9(3) 0.272 2(3) 0.517 2(2)
C(13) 0.617 5(3) 0.308 7(4) 0.592 4(3)
C(14) 0.696 2(3) 0.408 4(4) 0.576 1(3)
C(15) 0.6850(3) 0.466 9(4) 0.487 6(3)
C(16) 0.591 0(3) 0.431 3(4) 0.409 5(2)
c(17 0.570 2(3) 0.488 5(4) 0.315 6(3)
C(18) 0.474 4(3) 0.452 1(5) 0.245 7(3)
C(19) 0.399 5(3) 0.354 9(4) 0.268 1(2)
C(20) 0.5110(2) 0.3340(3) 0.426 0(2)

Table4 Selected bond lengths (A) and angles (°) for complex 2

V-0(1) 1912(3)  V-N(I) 2.161(3)
V-0(51) 1.619(3)  V-N(2) 2.100(3)
V-0(52) 1.621(3)

O(51)-V-0(1)  99.92) N(I1)-V-0(52) 129.9(1)
0(52-V-0(1)  98.8(2) N(@2V-O(1)  159.0(1)
O(51)-V-0(52) 109.4(2) N(2}-V-O(51)  92.1(1)
N(1)-V-0O(l) 83.2(1) N(2}-V-0(52)  93.3(1)
N()-V-0(51)  119.6(1) N(2)-V-N(I)  75.9(1)

groups, rare mononuclear cis-dioxovanadium(v) five-co-ordi-
nate complexes with TBPY geometry are obtained. The dimer-
ization of such mononuclear complexes requires rearrangement.
On the other hand, the square-pyramidal mononuclear com-
plexes can easily dimerize through axial ligation. We have
been able to synthesize a set of five mononuclear cis-
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Fig. 1
level thermal ellipsoids for all non-hydrogen atoms. Small circles
indicate hydrogen positions

An ORTEP'® diagram of complex 2 showing 50%, probability

dioxovanadium(v) (VO,*) complexes with TBPY geometry
1-5 from reactions between [VO(OEt);] and rigid monobasic
tridentate Schiff bases. On the other hand, reactions between
[VOf(acac),] (acac = acetylacetonate) and the same Schiff
bases led to the formation of mixtures of vanadium-(1v) and -(v)
species. These were not used for further studies.

Complexes 1 and 3 are soluble in Me,SO and CH,Cl, where-
as 2 and 4 are less soluble. Complex 5 is soluble only in Me,SO.
All the complexes have given satisfactory elemental analyses
(Table 1).

Structure of complex 2

The single-crystal structure was determined for complex 2. The
molecular structure is shown in Fig. 1 and selected bond lengths
and angles in Table 4. The [VO,L?] complex is a neutral
mononuclear unit where V is co-ordinated to two nitrogen
atoms, one phenolate oxygen and two terminal oxo groups. The
ligand assumes a meridional binding through its three donor
atoms. The geometry around vanadium can best be described as
a distorted trigonal bipyramid. The V=0(51), V=0(52) and the
imine nitrogen N(1) form the triangular plane, and O(1) and the
nitrogen in the ring, N(2), are trans to each other (159°). This
arrangement is rather rare as the known square-pyramidal and
octahedral cases exhibit one V=0 in equatorial position and the
other V=0 in apical position. Such a geometry is expected to
reflect the physicochemical properties. The equatorial angles
are in the range 109-130°. It is possible that when the bulky ring
approaches from the trans position it pushes O(52) closer to
O(51), the O(51)-V-0(52) angle being 109.4°, and hence leads
to distortion. However, this angle is similar to those of
mononuclear dioxovanadium(v) complexes of TBPY (109.8),°
square-pyramidal® (110.1) and octahedral!®!” (106.5 and
107.1°) geometries. Further, the metal deviates from the trigonal
plane by 0.1 A towards O(1). The V=O distances, 1.619 and 1.621

* Crystal data: C,H;,N,0,;V 1 monoclinic, space group P2,/n, a =
9.861(13), b = 10.673(19), ¢ = 13.206(16) A, B = 107.75(10)°, U =
1324(3) A3, Z = 4, D, = 1.668 g cm 3. The structure was solved by
SHELXS 86 and refined by CRYSTALS using direct methods to give
final R = 0.134 and R’ = 0.139. Among the 2588 unique reflections
measured, 1722 [ = 3o0(J)] were used in refining 200 parameters. The
hydrogen atoms bonded to C were placed geometrically (C-H 1.00 A)
and treated as riding atoms with a fixed thermal parameter (U, =
0.08 A2). A residual electron density of 2.59 e A* was observed in the
final Fourier-difference map which made no interpretable contacts
with the rest of the structure. Selected bond lengths and angles: V-O(1)
1.897(6), V-O(51) 1.599(8), V-O(52) 1.608(6) and V-N(1) 2.171(6),
V-N@) 2.1126) A; O(G1)-V-0O(l) 104.03), O(52)-V-O(l)
98.3(3), O(51)-V-0(52) 110.4(5), N(1)-V-O(1) 84.0(2), N(1)-V-O(51)
114.7(3), N(1)-V-0(52) 132.8(4), N(2)-V-O(1) 156.6(2), N(2)-V-O(51)
94.0(3), N(2)-V-0(52) 89.1(3) and N(2)-V-N(1) 74.8(2)°.

Absorbance (arbitrary units)

300 500 700

Fig.2 Electronic absoption spectra of complexes 2 (a), 1 (b), 4 (¢) and
3(d)in CH,Cl,

A, are typical of non-hydrogen bonded V=O groups.'® The
V-N(1) and V-N(2) distances (2.16 and 2.10 A) are in accord
with literature values for imine and aromatic ring nitrogens
respectively.?

Five-co-ordinate dioxovanadium(v) complexes tend to
dimerize, in many cases, to six-co-ordinated species. The
mononuclear compounds generally have square-pyramidal
geometry and to our knowledge only one Schiff-base complex
of TBPY geometry is known, where the dimerization was
prevented using a bulky Bu' group in the 3 position of
salicylidinimine.® Though the molecule does not form a dimer,
intermolecular hydrogen-bonding interactions predominate.
The trans angle for 2 is similar to that observed for the
uridinevanadate complex (162°) in ribonuclease.® Comparison
of the geometry parameters of 2 with the TBPY structure in the
literature suggested that the metal geometry is less distorted
in the present case. The rigidity and the tridentate nature of
the ligand favours a meridional geometry leading to a TBPY
structure with both the V=0 groups in the equatorial position
rather than the generally seen square-pyramidal one. The
residual electron density for 2(2.1 and 0.56 ¢ A-*) does not make
any interpretable bonding or non-bonding contacts with the
rest of the molecule.

Though complex 1 yielded poor-quality crystals a single-
crystal X-ray analysis was performed* and it was found that the
structure is similar to that of 2 with a distorted trigonal-
bipyramidal geometry at the metal and both the V=0 groups in
the equatorial plane.t

Fourier-transform IR spectra

Complexes 1-5 showed v(C=N) in the 1607-1624 cm™ region; 1
and 2 showed v(V=0) at 926 cm™!, perhaps characteristic of both
V=0 bonds in the equatorial plane as observed in the structures
of 1 and 2. Substitution of the salicylaldehyde ring, on the other
hand, is expected to alter the crystal packing and thereby the
v(V=0) pattern. Changes were noticed in the crystal packing in
the case of the [VO,L]~ complexes, where L is a Schiff base
derived from salicylaldehyde (or its derivatives) and 2-amino-
2-methylpropan-1-ol, upon changing the substituent on the
salicylaldehyde ring.® Complex 3 showed bands at 926 and
945 cm™ and 5 at 907 and 953 cm™!. The v(V=0) stretching
vibration observed at low energy for 5 is attributable to hydro-
gen bonding in the crystal lattice. This is further supported by
a broad band observed around 3150 cm™!. Complex 4 alone
showed three sharp bands in the region 919-940 cm '

t Note added at proof: A recent crystal structure determination of an
azide chloroperoxidase showed a trigonal bipyramidal vanadium centre
with both of the oxo groups occupying the equitorial plane,?° hence
our studies are of paramount importance in the context of the structure
and the photochemical enhancement of the reactivity of the native
enzyme.?!
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Table 5 Electronic absorption spectra in CH,Cl, solution

Compound A/nm (e/dm> mol ' cm™)

1 328 (sh, 14 521), 342 (16 501), 355 (sh, 13 201), 430 (11 551)
2 330 (sh, 4 500), 360 (5 700), 455 (8 100), 475 (8 200)

3 360 (23 636), 380 (s, 17 773), 450 (sh, 7 636)

4 328 (sh, 7 022), 342 (8 511), 355 (sh, 7 763), 442 (4 733)

5* 330 (sh, 13 805), 350 (15 044), 425 (23 008)

1 330 (sh, 17 320), 370 (23 762), 548 (3 267), 690 (2 640)

2 320 (sh, 11 000), 410 (20 000), 550 (3 100), 840 (1 900)

3 360 (24 000), 380 (sh. 17 636), 450 (5 454), 730 (1 818)

4’ 355 (sh, 13 888). 370 (17 776), 545 (3 222), 700 (3 000)

* In Me,SO: the primed numbers indicate the products obtained upon photoirradiation of the corresponding compounds with unprimed numbers in

CH,Cl,.

Absorbance (arbitrary units)

300 500 760 960
A/nm

Fig. 3 Electronic absorption spectra of photoirradiated solutions: ()
complex 1’, (b)4', (¢) 3 and (d) 2, in CH,Cl,

Electronic absorption spectra

The ligands of complexes 1-5 (HL!-HL?), except for 2, in both
CH,CIl, and Me,SO solutions showed strong bands in the
region 330-350 nm and a very weak band around 470 nm. The
ligand in 2 (HL?) exhibited bands at 326, 456 and 479 nm.
Complexes 1 and 3-5 showed strong bands in the range 335-360
and 430-450 nm. The new bands around 440 nm are assign-
able to ligand-to-metal charge transfer (l.m.c.t.) transitions and
those around 350 nm to intraligand transitions (Fig. 2). The
appearance of lL.m.c.t. transitions at high energy for dioxo-
vanadium(v) complexes is expected to be due to the decrease in
net positive charge at the metal.??> Complex 2 exhibited bands
at 360, 455 and 475 nm. However, the l.m.c.t. transition could
not be assigned unambiguously as it is obscured by strong ligand
bands. The absorption data are given in Table 5.

SIY NMR spectra

The °!'V NMR studies of complexes 1-5 dissolved in Me,SO
showed single resonances at & —534.9, —535.9, —533.4,
—531.2 and —533.9, respectively. These values are as expected
for dioxo complexes of V¥ having co-ordination spheres of
O,N or O;N,.32! The observation of a single signal also
indicated that they are stable in Me,SO solution.

Photochemistry

Complexes 1-5 are stable in the solid state, and in Me,SO or
MeChn solutions, even after exposure to fluorescent light over a
period of 4-5 d. On the other hand, dichloromethane solutions
of 1-4 exposed to fluorescent light for 4-24 h exhibited
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considerable changes in colour and hence were studied using
UV/VIS and 3!V NMR spectroscopy. The photoirradiated
product of 1 was isolated in the solid state and characterized.

UV/VIS spectra. Under fluorescent light complexes 1-4 were
converted into 1'—4', changing from yellow to violet blue (1', 4°),
red-brown (2’) or dark green (3'). However, the corresponding
ligands were not affected by light in the solid state or in CH,Cl,
solution under identical experimental conditions. Solutions of
1, 2’ and 4’ showed two new bands in the visible region; one at
545 and the other in the 680-840 nm range. The bands in the
visible region are very broad and asymmetric. The original
bands in the 400-500 nm range disappeared and new ones
appeared at higher energy with larger absorption coefficients.
On the other hand, the absorption pattern exhibited by 3’ is
different from the rest and showed only one band at 730 nm
without any change in that at 360 nm even after exposure to
light for 2-3 weeks (Fig. 3). The qualititative rate of conversion
of these complexes in CH,Cl, under identical photoirradiation
conditions follow a trend, 4 > 1’ > 2’ > 3', based on the
growth of the bands in the region 500-900 nm. In solution, 1'-3’
are stable for 2-3 weeks, whereas 4’ precipitatesin 1 d. The large
¢ values are indicative of l.m.c.t. transition. Such l.m.c.t.
transitions in the visible region arise either from VO3*, bare
V3* or V** bound to phenolate.!®22 Based on EPR studies,
the presence of V' is ruled out. Therefore conversion of VO, *
to VO** is envisaged in the presence of light.

Complex 1’, isolated from a photoirradiated solution in
CH,Cl,, showed a broad v(OH) vibration at 3440 cm™' and a
strong v(V=0) band at 975 cm™* in the Fourier-transform IR
spectrum. The absorption spectrum of this product upon
redissolution in CH,Cl, was the same as that observed for the
photoirradiated product of 1 in CH,Cl,, with a low-energy
band at 687 nm and another at 546 nm. The analytical data are
consistent with a formula [VO(OH)L'(Cl)]-CH,Cl,.

Addition of acid. Absorption spectra observed upon addition
of HCI to CH,Cl, solutions of complexes 1-4 in 1:1 or 1:2
ratios are equivalent to those for the photoconverted products
in CH,Cl, solution (1'4’). However, complete conversion of
the species 14 to 1'4’ was observed only when the acidic
solutions were further exposed to fluorescent light for at least
30 min. In the absence of HCI, these conversions required
irradiation periods of 4-24 h.

The effects of acid (HCI and CF,SO;H) were also studied in
MeCN solutions for complexes 1 and 3. Addition of 100 ul
of concentrated HCI to 25 cm? of a 0.001 mol dm™2 solution of
the complexes gave spectra similar to those obtained from
photoirradiation in CH,Cl, solution (1' and 3'). Addition of
CF;SO;H to complexes 1 and 3 resulted in a change from
yellow to red and a broad band was observed around 580-590
nm with & = 420-451 dm?® mol! c¢cm™ but no low-energy
bands (unlike the HCI reaction); the species are assignable to
[VO(OH)L]*. All these studies are indicative of the formation
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CH,Cl,. v

ater (100 pl
[VO,L] =22 [VO(OH)L(CD] S22 vo,L)
Scheme 1
, CH,Cl, v . + water ,
[VO,L7] ==22222 [VO(OH)L'CI) e==— [VO,L]

Scheme 2

of [VO(OH)L(Cl)] species upon photoirradiation of the
original products in CH,Cl, and this is better understood from
51V NMR studies.

Addition of water. A 100 pl volume of water was added to 25
cm? of complex 1’, 3’ or 4’ and the changes were monitored by
absorption spectroscopy. The band in the visible region
disappeared and bands identical to those of the VO,*
complexes (1, 3 and 4) were noted after stirring for 15 min.
When the aqueous solutions of 1" and 4 were once again
exposed to fluorescent light they gave absorption spectra
identical to those of 1" and 4'. This clearly suggested that, at
least in the case of 1 and 4, the photochemical reactions
followed by addition of water are reversible and cyclic. While
photoirradiation gives a chloro product, this upon water
addition yields a dioxo product. This is explained as in Scheme
1. However these conversions were found to be non-cyclic in
the case of 2 and 3, as the water-containing CH,Cl, solution
of 2’ and 3’ is not affected by photoirradiation even over |
week (Scheme 2). The formation of chloro species and their
conversion to dioxo species are further supported by 'V NMR
studies.

$'V NMR spectra. The 'V NMR spectra of photoirradiated
solutions of complexes 1-4 in their 1’4’ forms in CH,Cl, were
measured. While 2’ and 3’ showed a peak at § —539 + 1, those
from 1’ and 4' did not. This can be explained by the slow
photoconversion of 2 and 3 as this peak is expected from the
unchanged starting dioxovanadium(v) complexes 2 and 3.
Complex 1’ showed only one peak shifted downfield at 6 —310,
strongly indicating the formation of a monooxochloro species.
Solutions of 2" and 3’ also exhibited weak signals at 5 —277 and
— 253 respectively, corresponding to their monochloro species.
Even for 4', two signals were observed at & —311 and
—228 indicating the presence of both the mono- and di-
chlorovanadium species. This is consistent with the inverse
electronegativity principle observed among *'V NMR chemical
shifts.2*> For monooxomonochloro complexes, values previ-
ously found were 6 —280 for [VO(Cl)(pbha),] (pbha = N-
phenylbenzohydroxamate),?®* & —324 for di-p-pinacolato-
bis[chlorooxovanadium(v)]* and & —387 for [{VO(CI)}O-
CH,CH,0)},].2* However, the trichloro complex, mer-[VO-
Cls(nppyc)] [nppyc = N-(2-nitrophenyl)pyridine-2-carbox-
amide] showed a peak at § —83.%°

Addition of water. Addition of water to the photoirradiated
complexes in CH,Cl, was also monitored by 'V NMR
spectroscopy. In all cases, the downfield signals completely
disappeared and only a peak at & —538 £ 1 was seen,
indicating the conversion of the chloro species back to the dioxo
ones.
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