172 J. CHEM. RESEARCH (S), 2001
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Synthesis of a triglycine peroxo-vanadate complex, [V,0,(0,),(Gly-Gly-Gly),].H,0 by the reaction of V,0, with H,0,
and the tripetide at pH 2 is described; the peroxo-bridged complex is highly effective in generating a bromination
competent intermediate at physiological pH.
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Introduction with acetone:ethanol mixture under scratching until it became a

. . . . - . microcrystalline solid. The product was separated by centrifugation,
Vanadium is a trace metal that influences a variety of biologi-, -c. =i\ vith ethanol and drigdvacuoover cono. HSO,

cal functons Bromoperoxidase, imoed n he HoSyMhe- “Anal. cale. for 40,(0),(Gh-G-Gh) H01 v, 16.29
. : ; . o ' 0,27,15.34; C, 23.0; H, 3.51; N, 13.42. Found: V, 16.6;
vanadium that is essential for its actii. 51525 ¢ '23.4; H, 4.0; N, 13.9.Yield: 52%.

By itself, H,O, is capable of oxidising bromide in highly ~9gr (cnrd): 952 [(V=0)], 845 N(0O-0)], 805p(0-0)],
acidic medium (pH<3) but is ineffective in solution at pH>5.0. 619v(V-0,), v,], 560[v(V-0,), v.], 1678WM(CO), amide I],
This reaction is catalysed by VOgGand V,0O.>1 Initially, 1610p,{COO0)], 1389p[COO)], 3255p(N-H)], 1564 (N-H defor-
the mono and diperoxovanadates (MPV and DPV) formed irmation). o o 2
Soluion containing vanadaie and excesS it DV pre- _ WeSsemenLof bomiaton sctuhe netiog ofdesomal” |
dominating at pH > 5.0, were proposed to be the oxidants Oﬁ)rm bromop%]enol blue was used to measure brominatic?n activity. The
bromide? However, synthetic DPV and MPV could not sub- reaction mixture contained phosphate buffer (50 mM, pH 5.5), KBr
stitute for the VO, and HO, mixturel® The proposal was (2M) and phenol red (20 uM). The reaction was started by adding a
then modified to include a dioxotriperoxodivanadate interme-weighed amount of the solid compound (0.14 mg/ml), and was moni-
diate, presumed to form by combination of DPV and MPV, tored by the increase in a_b:_sorbance at 592 nm of bromophenol blue.
but this dimeric species was found only in highly acidic OIS:ctjant bromination activity: 65 UM bromine transfer per mM com-
medium. The need for the presence of vanadyl or excess vang-Sec'ondary rate of bromination: 8 uM Br transfer/min with
datd® for effective bromination in the early experiments 1 mm compound.
remained unexplained.

The requirement of free vanadate for the DPV-dependengesuits and discussion
bromination at pH > 5, implied that inactive DPV gains oxi-
dant activity by forming a peroxo-bridged intermediate
[OVOOV(O,)]3*, proposed as a proximate oxidant of bro-
mide!® Support for such an intermediate as the bromide oxi

nt came from our ies on nthetic compound with . S
dant came from our studies on a synthetic compound wit not raised. The low pH probably favoured the co-ordination of

“YOOV” bridge,?t which could produce a bromination TR F A -
competent intermediate at physiological pH. In order toFhe triglycine to V(V) in its zwitterionic form thereby stabilis-

provide further evidence in confirmation of this potential of g‘gsitrr;%\%%%éga)%n%ﬁylggd leading to the synthesis of the
bromide oxidation and also in view of the paucity of informa- From elemental analp sis. a ratio of 2:3 was obtained for
tion on peroxo-bridged divanadate compounds, we were inter:- ySIS, :

R -
ested in synthesising newer members of such complexe\é' O, which suggested a dimeric nature for the complex,

o . : . o : : resumably involving a bridging peroxide group.
stabilised by biogenic heteroligandsz, di- and tri-peptides. P )
The information derived regarding structure, bonding andco'?‘npﬁgir%rr]l%eac;fstzvg E:?ﬁ;onzjbainoﬁérr] ;T%(IJF; m’;rhu?oﬂéhe
reactivity of such small peptide-vanadium systems can b piex,

. Feee e : : %roadening, indicated the presence of two structurally differ-
expected to provide further insight into the vanadium protelnent peroxo groups, the terminal chelated and the bridging

interaction in bioc.henjical processes. In this paper, t.he synthet- pe. A chelated peroxo bonded terminally to V(V) exhibits a
sis and characterisation of a novel dinuclear tripeptide perox troﬁgv(O—O) ban@® at 870 cm. Bands due to. andv
. 2 3

vanad_ate_with qu-pero_xide group, a_nd its activity in bromo- modes of V-Q vibrations and the terminally bonded V = O
peroxidation of organic substrates is reported. group were observed as expected.

. Three distinct bands were observed for the complex at
Experimental 1678 cntl, 1610 cnt and 1389 cmt representing the car-
Synthesis of [YO,(O,)4(Gly-Gly-Gly)]. H,0: V,0, (0.25g, 1.37  bonyl (amidey’3*®) and carboxyl group®¥® respectively.
mmol) was mixed with triglycine (0.76g, 4.02mmol), maintaining the The shift inv,(COO) (1610 cmf) are typical of a carboxylate
molar ratio of V. triglycine at 1:1.5. To this 30%®, (15 ml, 132.3 4.,y honded in a unidentate zwittrionic fashig®. The
mmol) was added gradually with constant stirring. The mixture was

cooled in an ice-bath and kept stirred for ~ 15 min by which time theSMal! shift of thev(CO) (amide) to a lower frequency with

solid dissolved, yielding a red-coloured solution. The pH of the solu-S0me broadening, as compared to free triglycine (1683cm
tion was recorded to be 2. On adding pre-cooled ethanol (~ 50ml) tsvas probably due to the participation of one of the carbonyl
the above solution under continuous stirring, an orange colouredgroups in co-ordination. Other characteristics of the spectrum
pasty mass separated. After standing for ~ 15 min in the ice-bath, thgere the observance of the N-H stretching (3255-3083 cm
supernatent liquid was decanted, and the residue was treated repeateglyy N—H deformation modes (~ 1560 &rdue to the amide

and N'H, groups and the indication of the presence of lattice
* To receive any correspondence. E-mail:nsi@agnigarh.tezu.ernet.irwater. Based on these observations, it may be inferred that the

One of the essential parameters for achieving success of the
synthesis of the peroxo-bridged complex, ,04(0,),
(Gly-Gly-Gly),]. H,0, was the use of an acidic medium. The

H value of 2 attained spontaneously during the reaction was
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triglycine ligands, occurring as zwitterions, co-ordinate to
V(V) through O (carboxylate). Co-ordination of one of the 05r@ ® ©
carbonyl (amide) groups of the peptide chain probably com: '
pletes the hexa co-ordination of vanadium in the complex
leading to the formation of a seven-member ring around eac
vanadium. A provisional structure of the type shown in Fig. 1
has been envisaged for the complex. The second amide grot
in the peptide side chain is not shown in the structure for sim
plicity. It is possible that hydrogen bonding between the pep-§

tide side chains stabilise the molecule. 0.3 1
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Fig. 2 Bromination activity with the vanadium compound:

(a) spectrum taken immediately after adding the compound
(0.14 mg/ml) to the reaction mixture showing the instant activ-
ity; (b) the increase in Agy, indicating the secondary rate;
(c) the peak at 592 nm at 18 min of the reaction.

Fig. 1 Proposed structure of the peroxovanadate compound,
[V,0,(0,),(Gly-Gly-Gly),l.H,0. The second amide group in the
peptide chain is not shown.

On dissolving the compound in water partial loss of perox-
ide occurred, as indicated by bubbles of dioxygen coming out.
The electronic spectrum of the compound recorded at this
stage displayed a single broad LMCT band at 328nm
(e = 720) originating from co-ordinated peroxide. On adding
the enzyme catalase to the solution, further releases of dioxy

gen was observed which was measured with an oxygraph. Tr B

rate of dioxygen release (1RM/min) paralleled the residual _ )

peroxide concentration. BrOvO(0,) (Solid) (O)OVOONO(©:)
The>V-NMR spectrum of the complex displayed five prod- e T ﬁa] ’

uct signals. The peaks observed at —424, —-509 and —-525 pp AH

correspond to decavanaddtiermed as a result of depletion of HOVO(O,)

the peroxovanadate in solution. The signal at —694 ppm indi ABr bl V) [e]

cated the formation of DP¥. The two resonances observed v

near —714 ppm were probably due to the co-ordination of pep HOVO(Oy) [c] HOOVO(0y)

tides through carboxylate oxygémnstability of the complex (MPV) " ©PY)

in water and degradative loss of the peroxide groups wer " 2+

implicit. Thus no direct information regarding the nature of the PR (H+/Br ] s N 1A ovo'

original solid could be obtained from the NMR studies. v

During the transient period before degradation, the solid

1V, + *
compound was able to oxidise bromide and transfer bromins OV(uOPSI‘V’V‘igoﬂ le] g\\],?:(%:,)
atoms to an acceptor molecule, phenol red, at physiologice
pH. Addition of the solid complex to bromide solution [h]
instantly produced a 262 nm absorbing compound tha Vo5t [OVOl

vanadate

converted phenol red (a trap) to its 592-absorbing bromo

derivative (Fig. 2a). After the instant activity, a slow increase

in Agy, (Fig. 2b) indicated a secondary rate of bromination O
(AAgg/min = 0.03/min) and the product incresased in amount

(Fig. 2c). These results showed that the compound has boFig. 3 Schematic representation of reactions occurring with
instant and secondary bromination activity. Of the expectecperoxo-bridged divanadate compounds: (a) formation of active
bromination, 16% was realised as instant activity. The com-g:gmggz gglr:tli’g#_n(?) )'i:z\r:s?;rdo:}/';\én‘:"i:zfloszggeipst frdﬁﬁd(é?]ea
,E)r:g[(’r:adpﬁroqupndggd dl.rger’ .mUSt Fl)osse.ss an ac?lvitgrour]ol red); (c) dismutation of MPV to DPV and vanadate; (d) reduc-
h A y oxidises bromide glvmg alarge mcrease_gg} . tion of vanadate to vanadyl by acid and bromide; (e) separation
is obvious that the degredation products formed in solutiorof ppy and MPV on adding solid compound to water (in
viz. DPV and vanadate together, give a secondary rate Cabsence of bromide); (f) formation of a p-peroxo compound
bromination. Under these conditions DPV was inactive and irfrom DPV + vanadyl; (g) breakdown of the u-peroxo group;
the presence of vanadate showed the secondary rate but not th) dismutation of OV radical releasing O,. The triglycine ligands

: o “ " ; ; :« inthe compound are not shown. Valency state of reduced vana-
;Eif'gi)g;?gg}[/ The need for a "VOOV” type intermediate is dium is shown as VV and all others are VY. No attempt is made

to show the exact stoichiometry of reactions.
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It appears that in the highly reactive compound theReferences: 44

triglycine ligands stabilise thp-peroxo group between the

two peroxo-vanadate moieties through hydrogen bondindReceived 20 November 2000; accepted 2 April 2001
formed between the peptide side chains, leading to its isolaPaper 00/627

tion in the solid state. On adding the compound to water the

hydrogen bonding weakens, the dimer separates and instaReferences cited in this synopsis

bromination activity vanishes. These observations strengthen,
the earlier proposal that a “VYOOV” intermediate is the active
group and is the likely primary oxidant of the bromide in 2
phosphate buffered mediuth?* Based on these results, a 3
scheme of reactions involving mono-, di- gugberoxo and 8
bromoperoxo forms of vanadate is proposed for vanadium9
catalysed bromoperoxidation (Fig. 3)

The active site in the proteins having a vanadium dimert0
appeared possible, since crystal structures of two of the enzyme
proteing*3showed dimeric subunits with a vanadium atom per ¢
subunit. We are however, restrained to suggest any involvement
of the reactions discussed above in the action of the enzymesy
mainly because peroxo groups are not yet located in theses
enzyme structures. But from reports available, there appears to
be a definite potential of the peroxovanadate intermediategl
(Fig. 3) in oxidative modifications in biological systems. -
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