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Abstract 

The first glycine-peroxo complexes of vanadium- 

(V), NH~[VO(O~)~G~YHI*H~O (I), KtVO(Q- 
GlyHl #Hz0 (2) and [VZO~(O~)~(G~YH)~(H~~)~~ 
(3) have been synthesised from the reaction of 
VZ05 with hydrogen peroxide and glycine (GlyH) 
at pH 3-4 (1 and 2) and pH 2 (3), respectively. The 
compounds have been characterised by elemental 
analysis, magnetic susceptibility and ESR, UV-Vis 
and IR spectroscopy. While glycine, occurring in its 
zwitterionic form, is coordinated to the V(V) centre 
in a monodentate fashion through its carboxylic 
oxygen, the peroxides in 1 and 2 occur as terminal 
bidentate ones. In compound 3 one of the peroxide 
ligands is present as a p-peroxo group. Typically, 
an aqueous solution of 2 exhibits peroxo-V(V) 
LMCT bands at 328 and in the 200-190 nm region, 
whereas complex 3 shows only one broad LMCT 
band at 3 lo-330 nm. 

Introduction 

Increasing interest in metal-amino acid [l-3] 
as well as peroxo-metal systems [4-91 mainly 
attributable to their potential as models for under- 
standing biologically important molecules [l-lo] 
prompted us to establish rational synthetic routes 
to peroxo-vanadium(V) complexes containing an 
amino acid as coligand. Vanadium has been identified 
as a bioessential metal [ 11-l 51, however, its actual 
biological function still remains an enigma [ 12, 151. 
The recent discovery of vanadium containing 
enzymes, a bromoperoxidase [16] and a nitrogenase 
[ 17, 181, which contain vanadium(V), are considered 
to be major steps towards understanding the bio- 
chemistry of the metal. Moreover, peroxohetero- 
ligand vanadium(V) complexes, besides being shown 
to be capable of oxidising organic substrates [4,9, 

*Author to whom correspondence should be addressed. 

The chemicals used were all reagent grade prod- 
ucts. Infrared spectra were recorded on a Perkin- 
Elmer Model 983 spectrophotometer. Magnetic 
susceptibilities were measured by the Gouy method, 
using Hg[Co(NCS),] as the calibrant. The ESR 
spectra of the solids as well as those of aqueous 
solutions of the compounds were recorded using 
a Varian E109, X-band ESR spectrometer with 100 
K, field modulator. pH values of the reaction solu- 
tions were measured by using a Systronics Type 335 
digital pH meter and also by pH indicator paper. 
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IO, 191, have been implicated to be actively involved 
in some biochemical processes [ 13,201. 

We considered that the coordination of an amino 
acid and a peroxide ligand at a vanadium(V) centre 
might lead to biochemically relevant systems, because 
all three constituents, viz. vanadium(V), peroxide 
and amino acid are of acknowledged biological sig- 
nificance. Besides, the possibility of such complexes 
exhibiting oxidising properties could not be ruled 
out. Pertinent here is to mention that, to the best 
of our knowledge peroxo-amino acid complexes of 
vanadium(V) have not been reported to exist in the 
solid state. 

In this paper we describe the synthesis and struc- 
tural assessment of two types of peroxo-glycine- 
vanadium(V) complexes, viz. A [VO(O,),GlyH] *Hz0 
(A = N& (1) and K (2)) and [VZO,(O,),(GlyH),- 

W20121 (3). 
It was also of interest to develop peroxo hetero- 

ligand vanadate systems amenable to electronic 
spectroscopic studies. The study of electronic struc- 
tures of the metal-dioxygen unit is of particular 
interest in relation to bonding of O2 to the metal 
centres in metalloenzymes, oxygen carrying proteins, 
and also to catalytic oxidations. The compounds 
reported in this paper exhibit a rather typical 
electronic spectral pattern and provide an excellent 
scope for study of the peroxo-metal interactions in 
solution. 

Experimental 
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Synthesis of Ammonium and Potassium Oxodiper- 
oxoglycine Vanadate( V) Monohydrates, 
A[ VO(O,), GlyHJ -Hz 0 (A = NH4 (1) or K (2)) 

As the methods of synthesis of A[V0(02)2- 
GlyH] *Hz0 compounds are similar, only a represen- 
tative procedure is described. 

Glycine (1.65 g, 21.97 mmol) was first dissolved 
in 30% hydrogen peroxide (20 cm3, 176.3 mmol). 
To this was added VZOs (1 g, 5.5 mmol) under 
constant stirring, maintaining the concentration 
ratio of V:glycine:HzOz as 1:2:32. Before V20s 
was completely dissolved, a small amount of 
powdered potassium hydroxide or aqueous ammonia 
(sp. gr. 0.9) was added very carefully with stirring 
until the pH of the solution was adjusted to 3-4. 
A clear yellow solution was obtained at this stage. 
The reaction solution was stirred for a further period 
of c. 10 min to allow the reaction to be complete. 
The reaction was conducted at an ice-bath temper- 
ature. Addition of pre-cooled ethanol to the reaction 
solution obtained as above caused precipitation of a 
yellow oily mass which was separated by decantation. 
The separated mother liquor was treated repeatedly 
with ethanol to obtain another crop of the yellow 
oily product. The two lots of yellow oily mass thus 
obtained were combined together, treated repeatedly 
with acetone-ethanol (3: 1, vol./vol.) mixture until 
it became solid. The solid alkali oxodiperoxoglycine 
vanadate(V) monohydrate A[VO(O,),GlyH] *Hz0 
(A = NH4 (1) or K (2)) was separated by centrifuga- 
tion, washed with ethanol, and dried in vacua over 
concentrated sulphuric acid. 

Anal. Calc. for NH4 [V0(02),GlyH]~HzO: V, 
21.07; 0Z2-, 26.44; C, 9.92; H, 4.54; N, 11.57. 
Found: V, 20.85; 0a2-, 26.13; C, 10.04; H, 4.33; 
N, 11.92%. Calc. for K[VO(02)2GlyH].H20: V, 
19.39; 022-, 24.33; C, 9.12; H, 2.66; N, 5.32. 
Found: V, 18.92; O,*-, 24.14; C, 9.26; H, 2.61; 
N, 5.93%. 

Synthesis of I V202(02 W3W2(H2 OhJ 13) 
A 1.0 g (5.5 mmol) sample of V205 was mixed 

with 0.83 g (11.06 mmol) of glycine (glyH), fol- 
lowed by a slow addition of 30% H20z (15 cm3; 
132.3 mmol) with stirring, maintaining the V:glycine: 
H202 ratio as 1: 1:26. The reaction mixture was 
stirred for c. 15 min in an ice-bath keeping the 
temperature below 10 ‘C, whereupon a red solution 
resulted. To the above reaction solution was then 
added c. 50 cm3 of acetone with continuous stirring. 
A saffron coloured pasty mass separated out at this 
stage. The reaction mixture was then cooled in a 
freezer for c. 1 h. The supernatant liquid was de- 
canted off and the residue upon repeated treatment 
with acetone under scratching gave a microcystalline 
solid, which was filtered off, washed 3-4 times with 
actone, and finally dried in vacua over concentrated 
H2S04. 

Anal. Calc. for [V202(02)3(glyH),(H20)2]: V, 
24.49; O2 *-, 23.08; C, 11.54; H, 3.40; N, 6.73. 
Found: V, 24.13; 0, 2-, 22.81; C, 11.23; H, 3.09; 
N, 6.25%. 

Elemental Analyses 
Vanadium, peroxide, and potassium were esti- 

mated by methods mentioned in our earlier papers 
[21,22]. C, H and N analyses were performed 
by R.S.I.C., Central Drug Research Institute, Luck- 
now, India. 

Results and Discussion 

The reaction of vanadium with hydrogen peroxide 
is highly pH dependent, and a small variation of pH 
of the reaction solutions leads to formation of 
peroxo-vanadium complexes of varied compositions. 
The importance of pH, for the successful synthesis 
of peroxo-metal compounds has been emphasised 
in the literature [2 1,231. In the present case, it has 
been observed that slight variation of reaction con- 
ditions, viz. pH and order of addition of reactants 
leads to the formation of two types of peroxoo 
glycine compounds of vanadium(V). The suitable 
pH for bringing about coordination of both peroxo 
and glycine with the oxovanadate(V) centre leading 
to the synthesis of A [VO(O,),GlyH] *H20 complexes 
was ascertained to be 3-4, which was maintained 
by the addition of the corresponding alkali hydr- 
oxide. However, a similar reaction when conducted 
in the absence of alkali, at pH c. 2, yielded the 
molecular complex, [VZ02(0,),(GlyH)2(H20)2]. It 
is also important to mention that the sequence of 
addition of the reactants is also an equally important 
parameter in order to achieve success in the syn- 
thesis of the two types of complexes described 
herein (see ‘Experimental’). 

It may be inferred by considering the two types 
of reaction products, isolated from reaction solutions 
at different pH values, that during the synthesis of 
the complexes 1 and 2, the bridged dimeric species 
3 probably formed as an intermediate at pH 2, which 
then underwent decomposition with the addition 
of alkali leading to the formation of monomeric 
complexes 1 and 2 at pH 3-4. This explanation is 
in line with the proposition that with increasing pH 
of the reaction medium the number of peroxide 
groups bonded to the vanadium(V) centre increases 

PI. 
The reactions were monitored by isolating a small 

amount of the product from the reaction solution 
and recording its IR spectrum. Appearance of a 
strong band at c. 860 cm-’ due to the ~(0-0) mode 
of the coordinated peroxide (OZ2-), and the bands 
due to the occurrence of glycine indicate the forma- 
tion of the complex species. Although synthesis 
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could be achieved in the case of the NH.,+ and K+ 
salts of the complex [VO(Os),(GlyH)]-, attempts 
to synthesise the Na’ salt of the complex ion have 
not been successful so far. An oily precipitate could 
be isolated in this case which did not permit solidifi- 
cation. 

Complexes 1 and 2 are yellow microcrystalline 
products, hygroscopic in nature. Complex 3 is orange 
in colour and also highly hygroscopic. The com- 
pounds are soluble in water at ambient temperatures 
accompanied by slow decomposition. Unlike some 
other hetero-ligand peroxovanadate(V) compounds 
[21,24], the peroxo vanadium(V) complexes con- 
taining glycine as the hetero-ligand are not very stable 
in the solid state for a prolonged period. 

In an attempt to find out the possibility of re- 
moval of lattice water of complexes 1 and 2, 
pyrolysis of the compounds was carried out at 
100 “C. Unfortunately, the compounds started 
decomposing involving the simultaneous loss of 
both peroxide (O,*-) and H20, thus a genuine 
dehydration was not possible. 

The peroxo-glycine-vanadate(V) compounds 
were diamagnetic in nature, as evident from the 
results of magnetic susceptibility measurements, 
in conformity with the occurrence of vanadium(V) 
in each of them. The compounds were also ESR 
silent. The peroxide estimation results conspicuously 
suggested the presence of two peroxides per vana- 
dium(V) centre in compounds 1 and 2, whereas 
the 02*-:V ratio was found to be 3:2 in the case 
of complex 3. This suggested a dimeric nature for 
complex 3 presumably involving a bridging peroxide 
ligand. 

It was hoped to develop peroxo-vanadium(V) 
systems suitable for electronic spectral probes in the 
studies of metal-dioxygen bonding. It is relevant 
to mention that recording of electronic spectra is 
not always successful in the case of peroxo-metal 
complexes [2]. In a typical case of a metal complex 
containing peroxides as a terminal ligand, two peroxo 
(LMCT) bands are expected in its electronic spectra 
due to two types of transitions [25,26] viz. rr*, + 
da* and (o)n*, + do*. The latter transition which 
involves much higher energy, has rarely been iden- 
tified [25,26] in the spectra of most of the peroxo 
complexes. In the case of a bridging peroxide, 
however, a single (LMCT) band is expected in the 
visible region due to the rr* + d transition [25,26]. 
Fortunately, the newly synthesised complex 2 
enabled us to observe both the predicted transitions. 
The peroxo (LMCT) bands of the complex K[VO- 
(02)2GlyH] -H20 have been clearly resolved in 
aqueous solutions at 328 and 200-190 nm, respec- 
tively. The peroxo-metal charge transfer band at 
328 nm of weak intensity (E = 7 X lo*) has been 
assigned at the rr*, + da* transition. The broad band 
as observed in the 200-190 nm region, with the 

molar absorption E = 1 X 104, is especially significant 
because this particular transition is not generally 
observed in most cases of peroxo-metallates. This 
absorption is assigned to the (a@*, -+ do* transition 
[25,26]. The spectrum of complex 3 contains a 
single broad LMCT band in the 310-330 nm (E = 
1.3 X IO*) region. No other bands attributable to 
transitions involving dioxygen were observed in the 
examined region (180-800 nm). 

The significant features of the IR spectra of 
complexes 1, 2 and 3 involve absorptions due to 
Y(V=O), coordinated peroxide, coordinated glycine, 
and coordinated as well as lattice water. The strong 
band at c. 960 cm-’ has been assigned to v(V=O) 
arising from the terminally bonded V=O group. 
From previous experience of dealing with IR spectra 
of various kinds of peroxo-element species [21,27, 
281 the bands at c. 850, c. 605, c. 510 cm-’ have 
been assigned to the coordinated peroxide groups. 
This observance is rather typical of the 02*- ligand, 
bonded to the metal centre in a triangular bidentate 
(C,,) manner. However, in the molecular dimeric 
complex 3 the ~(0-0) mode was observed at. a 
slightly lower range, i.e. at 820 cm-‘, which is also 
broadened. This may be due to the combination of 
the ~(0-0) vibrations of the peroxide groups bonded 
to the vanadium(V) centre in two different fashions, 
viz. bridging as well as terminal. 

Amino acids are known to form complexes with 
metals in either the neutral zwitterionic form or 
in the anionic form, of which the latter form is most 
common among the published monomeric solid 
structures. In the present case the frequencies 
observed at c. 1640s c. 1395s c. 1120m, c. 690m, 
and c. 595 cm-’ are due to v,(COO-), v,(COO-), 
qr(NH3+), (pJCOO_) and S(COO-) modes, respec- 
tively, of the coordinated glycine [ 1, 29a]. Notably 
important in this context are (i) increase in v,- 
(COO-), (ii) decrease of v,(COO-), and (iii) unaltered 
positions of N-H stretching frequencies as compared 
to an uncoordinated glycine. The observations in 
the present case suggest that glycine in compounds 
1, 2 and 3 occurs in its zwitterionic form (NHa+CH2- 
COO-), and is bonded to the metal centre through 
its carboxylic oxygen. Thus, although glycine can 
act as a bidentate ligand, in the present case it appears 
that this ligand acts as a monodentate one being 
bonded in the fashion described above. This kind of 
bonding of glycine via oxygen, and their coordination 
as zwitterions, which is an interesting structural 
feature in these complexes, is not very common, 
but has been reported previously [ 1,2]. 

Another notable feature of the IR spectra of 
complexes 1 and 2 is that two additional bands have 
been observed at c. 1658 and c. 3410 cm-‘, which 
resemble in their shapes and positions those common- 
ly observed for uncoordinated water and have been 
accordingly assigned to the 6(H-0-H) and v(O-H) 
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modes, respectively. The region in which the v(O-H) 
band has been observed in the present case is rather 
typical of lattice water 1301. However, in the case 
of complex 3, in addition to the observance of 
6(H-0-H) and 40-H) at c. 1650 and c. 3400 
cm-‘, respectively, another medium intensity band 
appears at c. 740 cm-’ which has been assigned to 
the rocking mode of coordinated water [29b]. 
This observation clearly suggests that the water 
molecules in the latter complex are coordinated to 
the metal centre. 

Conclusions 

It has been shown that it is possible to bring 
about coordination of glycine in the presence of 
peroxide to a vanadium(V) centre under appropriate 
experimental conditions. The synthesis of two types 
of complexes, viz. A[V0(02)2GlyH].Hz0 and 
[Vz02(02)sGlyH)z(Hz0)Z] can be achieved by 
reacting VZOs and glycine directly with HZOz with 
a small variation of pH of the medium and making 
a change in the order of addition of the reactants. 
The pattern of the IR spectra renders it certain that 
the glycine ligand binds the vanadium(V) centre as 
zwitterions via the carboxylic oxygen. The peroxo 
LMCT bands are well resolved in the complexes. 

Acknowledgements 

We thank the C.S.I.R., New Delhi for award of 
research fellowships (to N.S.I. and M.B.) and the 
Department of Atomic Energy for some financial 
assistance. 

References 

1 N. W. Alcock, D. J. Flanders, T. Kemp and M. A. Shand, 
J. Chem. Sot., Dalton Trans., (1985) 517. 

2 C. Djordjevic, N. Vuletic and E. Sinn, Inorg. Chim. 
Acta, 104 (1985) L7. 

3 B. P. Straughan, 0. M. Lam and A. Earnshaw, J. Chem. 
Sot., Dalton Trans., (1987) 97. 

4 H. Mimoun, in S. Patai (ed.), The Chemistry of Func- 
tional Groups, Peroxides, Wiley, New York, 1983. 

c J. T. Groves, in T. G. Spiro (ed.),Metal Ion Activation of 

6 

7 
8 

9 

10 

11 
12 

13 

14 

15 

16 

17 

18 
19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Dioxygen, Wiley, New York, 1980, Ch. 2. 
0. Bortolini, I:. DiFuria and G. Modena, J. Am. Chem. 
Sot., 103 (1983) 3924. 
K. D. Karlin, .I. Chem. Educ., 62 (1985) 983. 
M. K. Chaudhuri, J. Mol. Catal., 44 (1988) 129, and 
refs. therein. 
H. Mimoun, L. Saussine, E. Dane, M. Postel, J. Fischer 
and R. Weiss,J. Am. Chem. Sot., IO.5 (1983) 3101. 
H. Mimoun, Metal complexes in oxidation in G. Wil- 
kinson (ed.), Comprehensive Coordination Chemistr_y, 
Vol. 6, Pergamon, O?Lford, 1987, p. 325, and refs. therc- 

G: Mertz,Science, 213 (1981) 1332. 
N. D. Chasteen, Strut. Bonding (Berlin), 53 (1983) 
105. 
T. Ramasarma and F. L. Crane, Curr. Top. Cell. Regal., 
20 (1981) 247. 
M. J. Gresser, A. S. Tracey and K. M. Parkinson, J. Am. 
Chem. Sot., 108 (1986) 6229. 
M. N. Hughes, Coordination compounds in biology in 
G. Wilkinson (ed.), Comprehensive Coordination Chem- 
istry, Vol. 6, Pergamon Press, Oxford, 1987, p. 665, 
and refs. therein. 
E. de Boer, M. G. M. Tromp, H. Plat, B. E. Krenn and R. 
Wever, Biochem. Biophys. Acta, 872 (1986) 104. 
T. L. Robson, R. R. Rady, T. H. Richardson, R. W. 
Miller, M. Hawkins and J. R. Postgate, Nature (1,ondon) 
322 (1986) 388. 
R. L. Richardson, Chem. Br., 24 (1988) 133. 
H. Mimoun, M. Mignard, P. Brechot and L. Saussine, 
J. Am. Chem. Sot., 108 (1986) 3711. 
C. Djordjevic and G. L. Wampler, J. Inorg. Biochem., 25 
(1985) 51. 
M. K. Chaudhuri and S. K. Ghosh, Inorg. Chem., 23 
(1984) 534; Inow. Chem.. 21 (1982) 4020: J. Chem. 
sot. Dalton Trans, (1984) 507. 
M. K. Chaudhuri and N. S. Islam, Inorg. Chem., 24 
(1985) 2706. 
J. A. Connor and E. A. V. Ebsworth, Adv. Inorg. Chem. 
Radiochem., 6 (1964) 345, 534. 
J. K. Basumatary, M. K. Chaudhuri and Z. Hiese,Synth. 
React. Inorg. Met.-Org. Chem., 17 (1987) 35. 
A. B. P. Lever and H. B. Gray, Act. Chem. Res., 11 
(1978) 348. 
A. B. P. Lever, Inorganic Electronic Spectroscopy, 
Elsevier, Amsterdam, 2nd edn., 1984, pp. 287, 294. 
M. Bhattacharjee, M. K. Chaudhuri and R. N. Dutta 
Purkayastha, Inorg. Chem., 25 (1986) 2354. 
IvI. Bhattacharjee and M. K. Chaudhuri, J. Chem. Sot., 
Dalton Trans.. (1988) 2005. 
K. Nakamoto, In@ared Spectra of Inorganic and Coordi- 
nation Compounds, Wiley Interscience, London, 4th 
edn., 1986, (a) p. 233; (b) p. 228. 
M. N. Bhattacharjee, M. K. Chaudhuri, H. S. Dasgupta, 
A. Kathipri and D. T. Khathing, Synth. React. Inorg. 
Met.-Org. Chem., 12 (1982) 485. 


