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Abstract 

Amavadine is a vanadium natural product from 
the mushroom Amanita muscariu. Earlier reports 
have characterized the compound as a vanadyl 
(VO’+) complex with two N-hydroxy-aa-iminodi- 
propionic acid ligands, but no hypothesis as to its 
function has yet been put forward. We report here 
the synthesis, isolation, and properties of bis(imino- 
diacetato)oxovanadium(IV) and bis(aGminodipro- 
pionato)oxovanadium(IV). The complex bis(&3- 
immodipropionato)oxovanadium(IV) has been pre- 
pared in solution. These complexes serve as models 
for Amavadine. The structures of the models are 
analogous to that of Amavadine, with two bldentate, 
singly charged ligands bonding through one oxygen 
and one nitrogen atom. The visible spectra suggest the 
possibility of 1 :l complexes m solution in addition 
to the 2:l ligand to metal complexes. Prehmmary 
electrochemical data suggest reversible V(IV) + 
V(II1) couples. 

Introduction 

The natural occurrence of vanadium in blologlcal 
systems is now well documented and a few species 
have even been shown to require this metal for proper 
growth and reproduction [l] . Nonetheless, a specific 
function has not been identified for any vanadium 
natural product. Recently, Nielsen [2] and Macara 
[3] have suggested some possible roles for vanadium, 
but in almost all cases the immediate environment 
of the metal, that is, the hgands or bonding atoms, 
is unknown. 

In only one case has a vanadium natural product 
been isolated [4]. Bayer and Kneifel reported that 
the mushroom Amanita muscank had a vanadium 
content as high as 120 ppm (dry weight) [5] . They 
later characterized a vanadium extract from the 
mushroom, a vanadyl (V02’) complex with two N- 
hydroxy-aa-iminodipropionic acid ligands. They 
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Fig. 1. The structure of Amavadme as proposed by Kneifel 
and Bayer. 

named the natural product Amavadine [6] and 
proposed the structure shown in Fig. 1. These authors 
reportedly synthesized a similar complex for venfica- 
tion of the structure. We have been unable to repro- 
duce this synthesis, and no other reports on 
Amavadine or its synthetic analogue have appeared 
in the hterature. 

Numerous studies have been reported on the solu- 
tion chemistry of simple vanadmm amino acid com- 
plexes, but few compounds have been isolated. We 
report here the first isolation of vanadium com- 
pounds with lminodiacid ligands including Immo- 
diacetic acid and acu-iminodiproplonic acid (ligands 
I and II, respectively, in Fig. 2). Complex formation 
in solution with &3-iminodiproplonic acid will also 
be discussed (Fig. 2, hgand III). These complexes 
serve as models for Amavadine since the metal- 
hgand stolchlometry, bonding, and geometry 1s similar. 
This report will focus on the synthesis and stoichio- 
metry of these compounds. Since the natural 
function of Amavadme may involve redox processes, 
preliminary electrochemical results will also be 
presented. 

Reagents and Solvents 
High purity dlmethylsulfoxide (DMSO) and aceto- 

nitrile (AN) were obtained from Burdick and Jackson 
Laboratories and used as received as electrochemical 
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Fig. 2. Ligands for Amavadme model complexes. 

solvents. Tetraethylammonium perchlorate (TEAP) 
was prepared from tetraethylammonium bromide 
(Aldrich) and perchloric acid as previously described 
[7] and was the supporting electrolyte for the 
above solvents. Tetraethylammonium hydroxide 
(TEAOH) was obtained from Aldrich as a 25% solu- 
tion in water. Vanadyl sulfate was obtained from 
Fisher Scientific or Aldrrch. Vanadyl perchlorate, 
VO(ClO~)~*SDMSO, was prepared by the literature 
method [8]. 

Preparation of Lzgands 
Iminodiacetrc acid (ligand I) was obtained from 

Aldrrch and recrystalhzed from a methanol-water 
mixture. 

Preparation of ecz-rmmodipropionitrile (the 
precursor of czo-rmmodrpropromc acid) was based 
on Dubsky’s method [9]. A 200 ml ether solution 
containing 22 g (0.5 mol) of acetaldehyde was added 
slowly to a 75 ml aqueous solution of 27.5 g (0.5 
mol) of ammonium chloride. After this reaction 
mixture was completely chrlled, 32.5 g (0.5 mol) 
of potassium cyanide m 75 ml of water was added 
wrth stirring. After being shaken for 5 hours 32 g 
(0.5 mol) of acetic acid was added. A second 22 g 
of acetaldehyde m ether and 32.5 g of KCN 
(aqueous) was added and the mixture again shaken 
for 5 hours. The ether layer was removed, the 
aqueous layer was extracted twice with ether, and all 
ether layers were combmed The resultmg ether solu- 
tion was chilled in a dry ice-rsopropanol bath and 
the white product which precipitated was collected 
by filtration. The crude product was recrystallized 
from ether grving a yield of about 20 g (33%). Anal.. 

talc. for C6H9N3, C 58.52%, H 7.37%; found: C 
58.46%, H 7.39%. 

cllcll-Iminodipropionitrile was converted to the acid 
by base hydrolysis. About 7 g (0.05 mol) of the 
dinitrile was dissolved m 1 1 of water and added 
dropwise to a hot stirred solution of barium 
hydroxrde octahydrate (32 g (0.1 mol) m 100 ml of 
water). The solution was stirred for 4 hours with the 
temperature maintained at 90-95 “C. The excess 
barium was precipitated by bubbling CO2 through 
the solutron and the BaCOs was removed by filtra- 
tion. The aqueous solvent was then stripped off leav- 
mg a syrupy liquid. Upon addition of ethanol the 
barium salt, Ba[NH(CH(CHs)COO)(CH(CHs)- 
COOH)]2 was obtained m 70% yield. Thrs barium 
salt (10 g, 0.034 mol) was dissolved m 300 ml of 
water and an equrmolar amount of HzS04 was added 
with stirring. The BaS04 precipitate was filtered off 
and the solvent was stripped from the filtrate. 
Absolute ethanol was added to the resultant yellow 
liquid and precipitation of white crystals began after 
scratchmg the walls of the flask. Approximately 5 g 
(90% yield) of the purified aa-rmmodrpropromc 
acid was obtained. Anal.. talc. for C6HllN04, 
C 44.72%, H 6.83%; found. C 44.55%, H 6.87%. 

b/3-lmmodrpropromc acid was prepared by basic 
hydrolysis of /3/3-rmmodrpropromtrrle (Eastman 
Kodak Chemicals) by the method of Ford [lo] . 

Synthesis of Complexes 

Bis(iminod~acetato)oxovanadium(IV) 
Two procedures were used to make this complex. 

Procedure A In thus procedure the hgand 1s first 
converted to the barium salt, Ba[NH(CH,COO)- 
(C&COW1 2 1 as described by Dubsky 191 for the 
cYcw-iminodrpropromc acid hgand. About 1.3 g (0.01 
mol) of rmmodiacetic acid was dissolved in 40 ml of 
water. To this was added 1.6 g (0.005 mol) Ba(OH)2* 
8HsO dissolved m 80 ml of water. The mixture was 
heated to 80-90 “C and stirred for 3 hours. The 
barium salt was not isolated, but rather 1 g (0 005 
mol) VOSo4*3H20 in 20 ml of water was added 
dropwise. The BaS04 precrprtate was filtered off 
leaving a purple-blue solutron. The volume was 
reduced yielding a crude blue sohd upon addition of 
alcohol. The precipitate was collected and purified 
from acetomtrrle as a blue powder. Anal.. talc. for 
VO(CBH12N208).2H20, C 26.16%, H 4.36%, N 
7.63%, found: C 25.93%, H 4.38%, N 7.56%. After 
drying under vacuum at 110 “C water was lost Anal. : 
talc. for VO(C8Hr2NZ08), C 29.01%, H 3.63%, N 
8.46%; found C 28.69%, H 3.65%, N 8.25%. 

Procedure B In the first step vanadyl acetate 
was made from vanadyl chlorrde. About 2 9 g (0 02 
mol) of VOC12 (a dehquescent solid) was put mto a 
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50 ml beaker (no solvent). To this was added 2 g 
(0.024 mol) of anhydrous sodrum acetate dissolved 
in 25 ml of absolute methanol. The mixture was 
stirred and chilled, and then the sodium chloride 
precipitate was filtered off leavmg a blue-green 
solution of vanadyl acetate. In a separate step, 3.2 
g (0.024 mol) of lminodracetic acid was suspend- 
ed in 100 ml of methanol. This solution was heated 
and a minimum amount of water was added to dis- 
solve the ligand. The vanadyl acetate solution was 
added dropwise to the hot solution of ligand result- 
ing in a purple-blue solution. Since the product is 
soluble in methanol, a frozen slurry (dry ice-isopro- 
panol bath) of the complex in methanol was filtered 
quickly and a blue powder was recovered. The crude 
product was purified from acetonitrile. Anal.: talc. 
for VO(CsHlzNzOs)*HzO, C 27..51%, H 3.440/o, N 
8.02%; found: C, 27.47%, H 3.55%, N 7.68%. 

Bis(cwiminodipropionatoJoxovanadium(IV) 
Dihydrate 
This compound was prepared by Procedure A 

described above using aa-immodrpropionic acid, 
Ba(OH)2*8Hz0, and VOS04*3HZ0. In this case, 
though, the product did not precipitate upon addr- 
tron of alcohol. The solvent was stripped off and the 
crude product was purified m acetomtrile. After 
heating under vacuum the dihydrate was obtained. 
Anal. : talc. for VO(Cr2HZONZ08)*2H20, C 34.04%, 
H 5.67%, N 6.62%, Found: C 34.14%, H 5.76%, N 
6.59%. Synthesis of this compound via Procedure B 
gave a mixture of products. 

Instrumentation 
The electrochemical instrumentation, cells, and 

electrodes used for the experiments performed m 
non-aqueous solvents have been described previously 
in this journal [I 11. For the aqueous studies, a 
Princeton Applied Research Model 303 Static 
Mercury Drop Electrode was interfaced to the PAR 
Model 173 potentiostat and Model 175 Umversal 
Programmer. The Model 303 SMDE incorporates a 
Ag/AgCl reference electrode. 

Spectrophotometric measurements were made 
on a Cary Model 14 UV/vis spectrophotometer and 
a Perkin Elmer Model 683 IR spectrometer and data 
station. 

Results and Discussion 

Synthesis and Properties 
The synthesis of vanadyl immodracid complexes 

was achieved by the following reactions: 

Procedure A 

2NH(CH(X)COOH), + Ba(OH)2 - 

Ba [NH(CH(X)COOH)(CH(X)COO)] 2 + 2HzO 

I I I I I I I 

b 

4000 3000 2000 1500 1000 500 

Wavenumber (cm-l) 

I I I I I I I 

133 

Fig. 3. IR spectra m KBr of (a) bWnmodiacetate)oxovana- 
dmm(IV) and (b) bis(or,or-munodipropionato)oxovanadmm- 

(IV). 

Ba[NH(CH(X)COOH)(CH(X)COO)]z + VOSO4 - 

VO [NH(CH(X)COOH)(CH(X)COO)] 2 + BaS04 

X = H, -CH3 

Procedure B 
VO(CH3C00)2 + 2NH(CH(Y)COOH), - 

VO [NH(CH(Y)COOH)(CH(Y)COO)] 2 + 2CH&OOH 

Y = H only 

Procedure A worked well for both iminodracetrc 
acid and cua-rmmodipropromc acid ligands. Procedure 
B gave a pure product only for the rmmodiacetrc 
acid hgand. Nerther procedure worked for the &3- 
rminodrpropionic acid ligand, but complex forma- 
tion did occur with this ligand in solution (see 
below) 

Brs(unmodlacetato)oxovanadium(IV) was 
obtained m three forms, namely the dihydrate, the 
monohydrate and the anhydrous form. The com- 
pounds were hght blue m color, air stable and were 
soluble only m water. The low pH (-2.5) of an 
aqueous solution and the two equrvalence points 
observed in the titratron wrth NaOH are consistent 
with the presence of two protonated carboxylic acid 
groups in the complex. 
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Brs(cYa-iminodrpropronato)oxovanadnrm(IV) was 
isolated as the dihydrate. Heating under vacuum did 
not remove the coordinated water molecules. Its 
properties were similar to the immodiacetato 
complex in color, acidity, and air stability. The com- 
pound was soluble in water, methanol, ethanol and 
DMSO. 

The mfra-red spectra of brs(immodiacetato)oxo- 
vanadrum(IV) and brs(cYcu-iminodipropionato)oxovana- 
drum(IV) recorded in KBr pellets are shown m Figs. 
3a and 3b, respectively. The spectra are quite similar. 
The diacetate complex showed a broad band covering 
the region 3600-2500 cm-‘. Five overlapping 
peaks occurred at 3400, 3100, 2850, 2700 and 2500 
cm-‘. Similar peaks were observed for the dipropio- 
nate complex and in both complexes these peaks are 
due to various O-H, N-H, and C-H stretching 
modes. Bands in this region have also been reported 
for water hydrogen bonded to an amme group [ 121. 
Thus, a water molecule may be bound as HzO*** 
HNRR’ in these compounds. Two carbonyl stretch- 
mg bands are observed at 1725 and 1617 cm-r 
for the diacetate complex and at 1710 and 1617 
cm-’ for the dipropronate complex. The bands 
at 1725 and 1710 cm-’ verify the existence of non- 
coordinated carboxyl groups in the complexes. 
The peaks at 1617 cm-’ are due to C=O when the 
carboxylate group is coordinated [ 13, 141, in this 
case to the metal center. The band at 1411 cm-’ 
for the diacetate complex and that at 1382 cm-’ 
for the dipropionate complex are assigned as C-O 
single bond stretching modes [ 121. Finally, proof 
of the existence of V02+ m each compound IS estab- 
lished by the bands at 968 cm-’ (dracetate complex) 
and 961 cm-r (drpropionate) complex. These bands 
correspond to the V=O stretch as reported for 
numerous vanadyl compounds [ 15 ] . 

Electrochemistry 
A cyclic voltammogram of 10 mM brs(iminodi- 

acetato)oxovanadrum(IV) u-r aqueous 0.1 M KC1 is 
shown m Fig. 4a. The potential scan range was limrt- 
ed by the oxidation of mercury at about 0.0 V vs. 
a Ag/AgCl reference electrode. On the first cathodic 
scan a broad reduction peak 1s observed at - 1 .OO V 
overlapping a sharper peak at - 1.25 V. (These peaks 
become more drstmct on the second scan.) On the 
reverse scan, oxidation peaks occur at - 1.15, -0.95, 
and -0.55 V. Based on multiple scan data the peaks 
at - 1.25 and - 1 .15 V may correspond to a reversible 
couple. 

The cychc voltammogram of VOS04 m water 
(not shown) gave only two peaks: a reductron at 
-1.18 V and an oxidation at -0.55 V. These are the 
same as the peaks in Fig. 4b. Figure 4b is the voltam- 
mogram of a I:3 mol ratio mixture of VOS04 
and rminodracetrc acid. A cyclic voltammogram of 
the ligand alone showed a reduction peak at -1.80 V. 
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Frg. 4. Cyclic voltammograms m 0.1 M aqueous KC1 of (a) 
10 mM b@mnodiacetato)oxovanadmm(IV), (b) a mixture 
of 10 mM VOSO4 and 30 mM lmmodiacetlc acid, and (c) 
solution (b) with 30 mM NaOH added Scan rate 0.2 V/set. 

Thus, no complex 1s formed under the conditions of 
Fig. 4b. When NaOH was added m a 1 .I mol ratio 
to the hgand, the voltammogram shown in Fig. 4c 
was observed. Clearly, upon deprotonation the ligand 
complexes with vanadium and gives a voltammogram 
nearly identical to that of the isolated product (Fig. 
4a). These data suggest that the peaks at -1.25 and 
- 1.15 V are a reversible couple corresponding to the 
reduction and subsequent oxidatron of the complex. 
Both Figs. 4a and 4c suggest that some drssocratron 
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Fig. 5 Cyclic voltammograms of bis(orp-immodipropionato)oxovanadmm(m). (a) 10 mM complex in 0.1 M aqueous KCl. (b) 
3 mM complex in 0.1 M TEAP/DMSO. Scan rate 0.2 V/set 

of the complex occurs. ‘Free’ vanadyl ion (or per- 
haps VO(H,O)s*‘) 1s reduced at -1.18 V, followed 
by a subsequent oxidation at -0.55 V. There may 
be another complex corresponding to the broad 
reduction peak near -1 .OO V and rts subsequent 
oxidation may occur at -0.95 V. 

As shown by Fig. Sa, the voltammogram of an 
aqueous solution of bis(c&minodipropionato)oxo- 
vanadium(N) is quite similar to that for the imino- 
diacetate complex. The first cathodic scan shows 

peaks at -0.95, -1.10, -1.25 and -1.60 V. On the 
second scan the peak at -1.25 V is dominant. As for 
the earlier complex, the peaks at -1.25 V (reduc- 
tion) and -1.20 V (oxidation) represent a reversible 
couple for the complex. 

The cychc voltammogram of 3 mM brs(aa-imino- 
dipropronato)oxovanadium(IV) in 0.1 M TEAP/ 
DMSO solution (Fig. 5b) shows additional peaks 
due to the more positive voltage range accessible in 
DMSO. The large oxidation wave at 1.10 V may be 
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E vs SCE 
Fig. 6. Cyclic voltammograms in 0.1 M TEAP/DMSO (a) 6 mM fl,fl-iminodiproplomc acid. (b) 3 mM VO(C104)2 (c) A 1.3 3 mol 
ratlo mixture of VO(C104)2.ligand:TEAOH. Scan rate 0 2 V/set. 

due to oxidation of the vanadmm(IV) complex to 
vanadium(V). This process gives rise to the reduction 
peak at -0.70 V on the second scan. Due to the 
small size of this peak it appears that the vanadmm- 
(V) product IS not stable. The oxidation peak at 0.60 
V has not been identified. The new reduction peak at 
-1.65 V may be due to free hgand. 

Although no complex with /3/I-rmmodipropromc 
acid could be isolated, a complex was formed m solu- 

tron. Figure 6a is a voltammogram of 6 mM flfl- 
rminodipropionic acid m 0.1 M TEAP/DMSO solu- 
tion. A major reduction peak occurs at -1.30 V and 
a broad oxidation at -0.20 V. Figure 6b is for a 3 
mM solution of VO(C104)2 in DMSO. It reveals no 
oxidation peaks on an initial anodic scan, but a major 
reduction peak is near -1.30 V. On a subsequent 
anodtc scan oxtdation peaks are observed at 0.20 and 
0.50 V as previously reported [ 1 l] . Figure 6c corres- 
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- Bis(iminodiacetato)oxovanadium (IV) In water 

- - - Bis(a,a-immodiproplonato)oxovanadum (IV) in water 

-0 - Bls(a,a-iminodipropionato)oxovanadium (IV) in DMSO 

Frg 7. The visible and near IR spectra of the synthesized complexes rn various solvents. 

ponds to a 1:3:3 mol ratio mixture of VO(C104)2 
to ligand, to TEAOH in DMSO. Of greatest impor- 
tance is the new oxidation peak at 0.75 V and the 
broad reduction peak at about -1 .lO V. These clearly 
suggest complex formation and are similar to the 
peaks observed for the aa-iminodipropionate com- 
plex. 

Spectroscopy 
The visible spectra of the compounds studied are 

shown in Fig. 7. The spectrum of the iminodiacetate 
complex was recorded m water, while spectra of the 
cllcw-iminodipropionate complex was recorded both 
in water and DMSO. The flfl-immodipropionate com- 
plex prepared m DMSO gave a spectrum similar to 
that for the (Y(Y isomer. In each spectrum major 
absorbances occur at 590 and 760 nm. In aqueous 
solution the 760 nm peak is dominant while the 
peaks are similar in size in DMSO. 

Although no isolated complexes of vanadium with 
iminodiacid hgands have previously been reported, 
Napoh and Pontelli [ 161 and Singh and Tandon [ 171 
have carried out aqueous solution studies of imino- 
diacetic acid complexes. Both groups focused on 
probable 1: 1 ligand to metal complexes, while only 
Sir@ and Tandon even mention a possible 2: 1 com- 
plex. In light of our isolation of 2:l compounds, we 
have carried out several experiments to investigate 
the possible existence of both 1.1 and 2:l com- 
plexes in solution. 

An aqueous solution of bis(iminodiacetato)oxo- 
vanadium(IV) has a pH of about 2.5 and exhibits 

absorbances at 760 nm and 590 nm. We agree with 
Napoli and Pontelli (who reached these conditions 
by titrating vanadyl perchlorate and iminodiacetic 
acid with NaOH) that the 590 nm peak is due to a 
complex and that at 760 nm is due to vanadyl ion. 
Our results also agree in that the 760 nm peak 
decreases at higher pH and the peak position shifts. 
Two complexes appear to form, but we disagree with 
Napoli and Pontelli as to their identity. Those 
workers suggested the formulas VOL and VO(OH)L- 
where H2L = iminodiacetic acid. 

Our synthetic procedures demonstrate that a 1 :l 
mol ratio of base to hgand is necessary to form 
VOLZ products. To investigate the possibility of an 
intermediate 1: 1 ligand/metal complex we carried 
out mol ratio studies with aa-immodipropionic acid 
and vanadyl ion in the absence of base. Figure 8 
shows spectra for mixtures of olcu-iminodipropiomc 
acid and vanadyl perchlorate with mol ratios of 
O:l, l:l, 2:1, and 3:l in DMSO. (Without base 
present complex formation was slow; hence all solu- 
tions were allowed to age for two days before spectra 
were recorded.) 

In these spectra, the vanadyl peak is about 820 
nm. aa-Iminodipropiomc acid has no absorbance 
peaks in the visible range. Figure 8, curve 2, shows 
that two species are present in the 1 :l mol ratio 
mixture, in addition to vanadyl ion. These species 
are represented by peaks at 550 and 670 mn. As 
the ratio of hgand to metal increases the size of the 
670 nm peak becomes smaller and disappears, while 
that at 550 nm becomes dominant. We propose that 
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Fig. 8. Visrble and near IR spectra of varrous mol ratios of 
or,wrmmodrpropromc acid to VO(C104)a m DMSO m the 
absenceofbase.(l)O 1,(2)1 1,(3)2.1,and(4)3 1. 

the 670 nm absorbance is due to a 1 :l complex, 
VOL, and that the 550 nm absorbance is that of the 
VO(LH)2 complex which we have isolated. Curve 
4 for the high hgand to metal ratio mixture com- 
pares well with Fig. 7. 

HOOC ,R 
\ CH 

The presence of the intermediate 1:l complex 
was also demonstrated by a mol ratio study in which 
the ligand concentration was held constant while the 
vanadyl ion concentration was increased. The results 
are shown in Fig. 9. Curves l-5 represent ligand: 
metal mol ratios of 1:0.29, 1:0.43, 1:0.57, 1:0.71, 
and 1.1, respectively. Curves 1 and 2 indicate that 
when there is an excess of ligand the 2.1 complex, 
VO(LH)2, 1s dominant (absorbance at 550 nm). At 
lower ratios of ligand to metal an additional species 1s 
important, VOL (shoulder at 670 nm). Clearly, 
uncomplexed V02+ exists m all cases. These data 
agree with that of Fig. 8. Quahtatrvely, it should also 
be noted that m both sets of experiments, when the 
670 nm peak 1s observed the solution color changes 
from blue to magenta. 

R”‘COOH 

R = -H, -CH3 
Fig 10. Proposed structure of brs(rmmodracetato)oxovana- 
drum(IV) and brs(a,or-rmmodiproptonato)oxovanadmm(IV) 

Conclusions 

As a final comparison, the isolated product, We have reported here the first isolation of bis- 
bis(cza-rmmodipropionato)oxovanadmm(IV), was dis- (iminodiacetato)oxovanadmm(IV) and bis(aa-imino- 
solved m DMSO with addrtronal VO(C104)2 present. dipropronato)oxovanadium(IV). Brs@@mmodrpro- 
The spectrum of the initial solution was identical pronato)oxovanadium(IV) was studied in solutron, 
to that of Fig. 9, curve 1. After four days the solution but could not be isolated as a pure product. 
turned a magenta color and the spectrum was similar In these complexes the hgands (I, II, and III m 
to that of Fig. 9, curve 3. Fig. 2) are bidentate, singly charged anions, bonded to 

Wavelength (nm) 

Fig. 9 Visible and near IR spectra of various mol ratros of 
ap-immodrpropromc acid to VO(C104)a m DMSO in the 
absence of base (1) 1.0.29, (2) 1 0.43, (3) 1 0 57, (4) 1 
0.71, and (5) 1.1 
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vanadium through oxygen and nitrogen atoms. We 
propose the structure shown in Fig. 10. Several 
pieces of data show that only one carboxylate group 
is bonded. 1. The isolated compounds with two li- 
gands require that the anions must be singly charged. 
2. The IR spectra show two types of C=O stretches. 
3. The pH titrations indicate two acidic protons per 
molecule. 

It should be noted that this structure 1s m contrast 
to those for complexes of other metals with these 
hgands. Typically, for Ni2+, CuL+, and Sn2+ 1 :l com- 
plexes are formed with such ligands as tridentate 
donors [18-201. In these complexes the ligands 
bond through two carboxylate oxygens and the nitro- 
gen. However, it was also suggested by Chaberek and 
Martel [21] that in the presence of excess ligand, 
copper m solutron equilibrates forming both 1:l 
and 2:l hgand to metal complexes. The 2:l com- 
plex is thought to bond through nitrogen and one 
oxygen. 

In the structure in Fig. 10 it can be seen that both 
the iminodiacetate and aa-rminodipropronate ligands 
form five membered rings with the vanadium atom. 
In contrast, the complex with flfl-rmmodipropronate 
yields a six membered ring. This larger ring size may 
account for the instability of this complex. 

Our results also suggest the presence of 1: 1 com- 
plexes in solution at low mol ratios of ligand to 
metal. These results agree with those of Napoh and 
Pontelli [ 161 and Singh and Tandon [ 171 but we 
doubt that a VO(OH)L- complex forms, as suggested 
by the first authors. Rather, our data suggest that the 
second equivalent of base 1s required to deprotonate 
a second hgand, resulting in a VO(LH)2 complex as 
we have isolated. Sir@ and Tandon do propose a 
2:l complex similiar to ours, but with the non- 
bonded carboxylate groups deprotonated, hence 
voL22-. 

Only a preliminary interpretation can be given of 
the electrochemical results. The multiple overlapping 
reduction peaks suggest various species in solution. 
This agrees with the demonstrated presence of 1 :l 
and 2:l complexes in addrtion to VO’+. The couple 
near - 1.2 V may represent a reversible reduction 
of the 2:l complexes. The studies in DMSO clearly 
show that no stable vanadmm(V) complexes are 
formed upon oxidation. Thus, only the (IV) and 
(III) oxidation states are likely to be important 
in biologrcal systems. 

Comparison to Amavadme 
Kneifel and Bayer [5, 61 reported elemental 

analysis and spectral data for the natural product, 
Amavadme, but were unable to determine rts 
structure directly. Therefore, they synthesized an 
analogue (Fig. 1) for comparison. They concluded 
that the two were the same, except for optical confi- 
guration. We have tried to prepare the ligand N- 

hydroxy-a,cw-iminodipropionic acid, from their out- 
line (hydroxylamine HCl and cr-bromopropionic acid 
at pH 10) but have been unsuccessful. Therefore, we 
have chosen to study model complexes, while our 
efforts on the synthesis of Amavadme continue. 

There are several significant snnilarities between 
our compounds (Fig. 10) and Amavadine (Fig. 1). 
Both are blue compounds which decompose without 
a melting point. Our compounds have C=O stretching 
frequencies of 1617 cm-’ for the coordinated carbox- 
ylate, while Kneifel and Bayer report the C=O 
stretch at 1600- 1650 cm-‘. (A second band for Cc0 
was not mentioned). The V=O stretch was in the 
typical range for both compounds. The three 
unportant absorbances in the visible spectra of our 
complexes were at 590, 670, and 760-820 nm. 
Knerfel and Bayer report absorbances at 565, 715, 
and 775 nm which could be due to the same transi- 
tions. Those authors also reported that titration wrth 
NaOH yielded two equivalence points, in agreement 
with our work. Finally, the data from both studies 
suggest the structures shown, where each ligand is 
brdentate, carries a single negative charge, and is 
bound through one oxygen and one nitrogen atom. 

We hope to report in the future on the synthesis 
of N-hydroxy-era-immodipropionic acid and Amava- 
dine, and a detailed study of their electrochemrstry. 
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