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Chemistry of Molybdenum. Part 2." Complexes of Molybdenum with 
2-Aminocyclopent-I -ene-I -carbodithioate. Synthesis, Characterisation, 
and Electrochemical Studies 

Muktimoy Chaudhury 
Department of Inorganic Chemistry, Indian Association for the Cultivation of Science, Calcutta 700 032, India 

The chemistry of the bidentate (S,S -) donor ligands 2-aminocyclopent-1 -ene-1 -carbodithioic acid 
(HL') and its N-alkylated derivatives [alkyl = C2H5 (HL2), C4H9 (HL3), or cyclo-C6Hl, (HL4)] with 
molybdenum in oxidation states +6 and +5 is described. The MoV1 compounds are all cis-dioxo-species. 
Reduction of [MOO,( L1)J with excess HL1 yields [MoO(L1),], a monomeric MoV compound. The 
complexes are all intensely coloured due to a ligand-to-metal charge-transfer transition. Infrared 
electronic, esr.,  magnetic, and electrochemical studies of these complexes are described. The results are 
discussed in terms of electronic structure and their relationship to the M o  centre in xanthine oxidase. 

I n  its higher oxidation states ( + 3  to  +6) molybdenum 
behaves as a typical class a acceptor. However, it has a strong 
affinity for sulphur, a fact which is reflected in its natural 
occurrence as a sulphide, MoS2. There is, at present, consid- 
erable interest in the chemistry of sulphur-bonded molyb- 
denum complexes because of the presence of such bonds in 
molybdoenzymes. Various dithio-ligands ' have been used 
extensively to study the chemistry of molybdenum. A few of 
these compounds mimic very well some of the properties of 
molybdoenzymes.' In this context it appeared that an in- 
vestigation on molybdenum chelates derived from the skeletal 

unit H2N--CrC-C% would be quite interesting as, in 

principle, chelation here may occur either from N,S- or  
S,S- sites. I n  order to explore such possibilities I have under- 
taken a systematic investigation on the molybdenum com- 
plexes of 2-aminocyclopent- I -ene- I -carbodithioic acid (de- 
noted by H L ' )  and some of its N-alkylated derivatives. The 
pertinent ligands ( H  L1-HL') for which a hydrogen-bonded 
structure ( I )  has been proposed by Nag and Joardar 3 - 6  are 
shown be1 o w . 

S -  
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c=s' 
/ 

H S' 

( 1  1 

HL ' ;  R = H  (2a); R = H 

H L ~ ;  R = C,H, 

HL3; R = C,Hg 
HL4; R = CyC~O-C6ii11 

(2b); R = CzH, 
( 2 ~ ) ;  R = C4Hg 
(2d); R E CyClO-C6Hl, 

In the present' paper the synthesis, characterisation, e.s.r., 
and electrochemical studies on some MoV' and MoV com- 
plexes of ligands HLl-HL' are reported. 

Experimental 
Prop(ir(itioii of' Liguiicls.--The ligands H L'-HL3 were pre- 

pared as described in the l i terat~re .~. '  The N-cyclohexyl 
ligand, HL', was prepared in the customary manner ' by drop- 
wise addition of freshly distilled cyclohexylamine (14.85 g, 

* Part 1 can be regarded as M. Chaudhury, J .  Chem. SOC., Daltori 
Truns., 1983, 851.  

0.15 mol) to HL' (6.36 g, 0.04 mol) in methanol (60 cm3) and 
refluxing the mixture for -6 h. The solution was cooled to 
room temperature and water (180 cm3) added. After filtration, 
the solution was neutralised with 2 mol dm-3 HCI under ice- 
cooling and the precipitated yellow product was collected by 
filtration, washed with water, and dried. The crude product 
was recrystallised from a (1 : 1 v/v) chloroform-acetone mix- 
ture, m.p. 185 "C, yield 5.3 g (55%). All ligands gave satisfac- 
tory analytical results. 

Reagents.-All chemicals were reagent grade. Met hanol,8 
acetone,* and NN-dimethylformamide (dmf) were specially 
dried and stored over molecular sieves (Merck, type 3A). All 
reactions and physical measurements were carried out under 
an atmosphere of purified dinitrogen using degassed solvents. 
[MoO,(acac),] lo (acac -- acetylacetonate) and "Me4]'- 
[MoOC15]" were prepared and purified as described in 
literature. Tetraethylammonium bromide (Aldrich) was 
converted I' to  tetraethylammonium perchlorate. 

Physical Measurements.-Infrared spectra (4 000-250 
cm-') were recorded as KBr discs with a Beckman IR-20A 
spectrophotometer, electronic spectra (900-280 nm) were 
measured with a Pye-Unicam SP8-150 recording spectro- 
photometer. 'H N.m.r. spectra were recorded on a Varian 
model T-60 spectrometer. Chemical shifts are reported in 
p.p.m. relative t o  SiMe4 as internal standard. X-Band (-9.2 
GHz) e.s.r. spectra were obtained on a Varian E-4 spectro- 
meter at room temperature (298 K). Electrochemical measure- 
ments were made using a PAR model 370-4 electrochemistry 
system. Cyclic voltammetry and differential pulse polaro- 
graphic measurements required the PAR 174A polarographic 
analyser, PAR 175 universal programmer and a PAR RE0074 
XY recorder. The three-electrode measurements were carried 
out by using a planar Beckman model 39273 platinum-inlay 
working electrode, a platinum-wire auxiliary electrode, and a 
saturated calomel electrode (s.c.e.). All electrochemical data 
were obtained at 298 K in a gas-tight cell (Metrohm) under 
purified dinitrogen and are uncorrected for junction potential. 

Preparation of Conipounds.-Bis(2-~niinocyctopent- 1 +tie- 1 - 
carbodithioato)dioxomolybdenutu(vr), [ Mooz( L')'] (2a). The 
complex [ M ~ O ~ ( a c a c ) ~ ]  (0.66 g, 2 mmol) was dissolved in 
methanol (50 cm3), the solution was filtered and the filtrate 
cooled in ice. T o  this solution an ice-cooled solution t (50 
cm3) of HL' (0.64 g, 4 mmol) was quickly added with stirring. 

-f Efficient cooling of the solution is essential in order t o  avoid 
the reduction of Mo"' to Mo". 
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Table 1. Analytical and physical data for the complexes 

Elemental analysis (%) 

Mo 
21.3 

(21.6) 
19.4 

(19.2) 
17.2 

(17.3) 
15.5 

(1 5.8) 
16.1 

( 1  6.4) 
16.2 

( 1  6.4) 

C 
32.6 

(32.4) 
38.2 

(38.4) 
42.9 

(43.2) 
47.2 

(47.4) 
36.6 

(36.9) 
36.9 

(36.9) 

H 
3.5 

(3.6) 
4.5 

(4.8) 
5.8 

(5.7) 
5.9 

(5.9) 
4.3 

(4.1) 
4.2 

(4.1) 

N S '  
6.2 - 

(6.3) 
5.7 

(5.6) 
5.0 - 

(5.0) 
4.8 

(4.6) 
7.1 31.0 

(7.2) (32.8) 
6.9 31.2 

(7.2) (32.8) 

- 

- 

The solution turned blood red from which maroon crystals 
deposited almost immediately. The product was quickly 
collected by filtration, washed with ice-cooled methanol 
followed by diethyl ether, and finally dried over CaC1, (yield, 
72%). 

Bis( 2-N-alkylaminocyclopen t- 1 -ene- 1 -carbodithioato)dioxo- 
~~olybdenunt(vr), [Mo02(L),] [L = L2 (2b), L3 (2c), or L4 (2d)l. 
Compounds (2b)-(2d) were obtained in good yield (60-80%) 
by adopting the same procedure, hence the preparation of 
[Mo02(L2),] is given here as an example. T o  a stirred methan- 
ol solution (50 cm3) of [M~O,(acac)~]  (0.66 g, 2 mmol) a 
freshly prepared solution of HL2 (0.75 g, 4 mmol) in methanol 
(80 cm3) was slowly added with stirring. The red microcrystal- 
line compound which formed was collected by filtration, 
washed with methanol-ether and finally dried over CaCI,. 

Tris(2-aminocyclopent- 1 -ene- 1 -carbodithioato)oxomolyb- 
denunz(v), [MoO(L'),]. Method (a). To a stirred filtered solu- 
tion of [ M ~ O ~ ( a c a c ) ~ ]  (0.66 g, 2 mmol) in methanol (25 
cm3), HL' ( 1  g, 6 mmol) dissolved in methanol (40 cm3) was 
added. Immediately a blood red solution resulted which turned 
dark red on standing. The mixture was stirred at 50 "C for a 
period of -1 h. During this period the colour of the mixture 
changed from red to  black through an intermediate red- 
brown stage. On cooling, a shiny black crystalline product 
separated out which was collected by filtration, washed with 
cold C H 3 0 H  and chloroform, and finally dried over CaCI, 
(yield, 40%). 

Method (b). A solution of HL' (0.32 g, 2 mmol) in meth- 
anol (25 cm3) was added dropwise with stirring to a solution of 
[NMe4]2[MoOCI,] (0.44 g, 1 mmol) in methanol (1 5 cm3). The 
colour of the solution changed to deep red. On cooling, a black 
microcrystalline compound deposited which was collected by 
filtration, washed with cold C H 3 0 H  and CHC13, and dried 
over CaCI, (yield, 54%). 

Analyses.-Carbon, H, and N analyses were performed by 
the Australian Mineral Development Laboratories, Melbourne 
and the microanalytical laboratory of this Institute. Molyb- 
denum was estimated gravimetrically using quinolin-8-01 as the 
reagent.I3 Sulphur content was determined by peroxide fusion 
of the sample, followed by gravimetric estimation in the form 
of BaS04. Analytical data of the compounds are shown in 
Table 1 .  

Results and Discussion 
Synthesis of the Complexes.-The molybdenum(v1) com- 

plexes [Mo0,L2] (2a)-(2d) were synthesised by the reaction of 

[ M ~ O ~ ( a c a c ) ~ ]  with the appropriate ligand and were obtained 
as microcrystalline solids, which [with the exception of (2a)l 
required no special precautions in handling. Solid samples 
showed n o  sign of decomposition after several months when 
stored in a desiccator. The compounds have poor solubilities 
in common solvents except dmf and dimethyl sulphoxide. 
Synthesis of (2a) should be carried out with care. Control of 
the reaction temperature to  0 "C and quick filtration of the pre- 
cipitated compound ensures purity of the product. Increasing 
the reaction temperature (ca. 10 "C) and delay in filtration 
causes substantial reduction of the Mo"' compound t o  a 
Mo" species. In fact gentle heating at 50 "C leads to the form- 
ation of the black MoV compound, [MoO(L*),], in pure form. 
The complex [MoO(L')~] can also be prepared by treating 
a suspension of [Mo02(L'),] in C H 3 0 H  or  CH2Clz with 
excess HL' at -50 "C. This compound is monomeric in 
nature and is probably formed by the reduction of [ MoO,(L'),] 
with excess of ligand present in the solution. Similar reducing 
action of HL', particularly its ability to  reduce Cu" to  its 
lower-valent state has been reported a l r e a d ~ . ~  Reduction of 
Mo"' to  Mo" also occurs with the other ligands HL2-HL4, 
but not so easily as with HL'. Reduction only occurs when 
[Mo02L2] (L = Lz-L4) is refluxed with excess of the ligand in 
C H 3 0 H  or CH2Cl2. However, so far isolation of these com- 
pounds in the pure form has not been possible. This is possibly 
due to  decomposition of the ligands at the refluxing tempera- 
ture. Nevertheless the electronic absorption spectra of these 
impure products match qualitatively with that due to [MoO- 
(L1)31- 

Another form of a monomeric Mo" compound [method 
(b)] of HL', [MoO(L')~], was synthesised by the direct reaction 
of [NMe4]2[MoOC15] with HL' in dry methanol. 

Infrared Spectra of the [Mo02L,] Complexes.-Pertinent 
i.r. bands are listed in Table 2 with probable assignments. 1.r. 
spectra of the ligands are catalogued in the l i t e r a t ~ r e . ~ , ~  I t  
is clear from Table 2 that the bands in the region -2 550- 
2430 cm-' which are present in the ligands as v(SH) are 
missing in all of the metal complexes, so indicating metal- 
ligand bond formation through this site. Because of strong 
hydrogen bonding the bands due to v(NH) could not be 
located in the free N-alkylated ligands (HL2-HL4) and for 
HL' it  appears at -3 230 ~ m - ' . ~  The occurrence of a band at 
-3 160 cm-' suggests that the secondary amino-group is free 
from co-ordination in complexes (2b)-(2d).6 In the case of 
(2a), more than one such band appeared in the region -3 360- 
3 175 cm-' suggesting a free primary amino-group in this com- 
plex. The free ligands display a strong band at -880 cm-' due 
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Table 2. Infrared data (cm-') and tentative band assignments for 
the complexes 

Compd. v(N-H) 
(2a) 3 320br 

3 175m 
(2b) 3 160m 

(2c) 3 165m 

( 2 4  3 165m 

(3a) 3 360br 
3 280br 
3 180br 

(3 b) 3 350br 
3 270br 

v(Mo=O) v,,,,(CSS) 
905s 815s 
860s 
905s 820s 
875s 
903s 805s 
865s 
903s 805s 
865s 

935m 815s 

940m 1235m 
810s 

v( Mo-S) 
370m 
320w 
370m 
320w 
365m 
320w 
365m 
320w 

330w 

320w 

Table 3. Electronic and n.m.r. spectroscopic, and electrochemical 
data for the [Mo02L2] complexes 

EIV us. s.c.e.c 
6(NH - - S ) /  

Compd. O/cm-' a p.p.m.* 
(2a) 22 220 (4.22) 10.82 - 0.93 - 0.9 I 

(2b) 21 740 (4.31) 12.55 - 1.05 - 1.02 

26 600 (4.51) 
32 OOO (4.12) 

26 200 (4.54) 
32 600 (4.08) 

26 OOO (4.55) 
32 800 (4.10) 

26 200 (4.52) 
32 400 (4.1 1 )  

(2c) 21 830 (4.25) 12.66 - 0.98 - 0.95 

(2d) 21 830 (4.33) 12.33 - 1.03 - 1.00 

log (4dm3 mol-' cm-') values are given in parentheses. Obtained 
from free ligand spectra. Supporting electrolyte (NEt,][C1O4] (0. I 
mol dm-3) in dmf. Cathodic peak potential. Calculated from 
differential pulse polarographic data. 

to  asymmetric CSS stretching. This band is diagnostic in de- 
ciding the mode of sulphur chelation in these complexes.6 It is 
generally found that in the case of disulphur chelation a single 
band is observed, whereas, for unidentate sulphur chelation 
this band is split symmetrically. For the complexes studied 
here, [MoO,L,] (2a)-(2d), a strong sharp single band at 
-810 cm-' assignable to v,,,,(CSS) is observed, thus indi- 
cating disulphur chelation. Regarding the assignment of 
Mo-0 absorptions, two strong bands in the region -900- 
860 cm were observed for all the Mo" complexes, thus 
indicating cis-dioxo-bonding I4-l6 of the oxygen atoms in 
these complexes. 

Electronic Spectra of the [MoOzLz] Complexes.-Electronic 
spectral data for the various [MoOzL2] type complexes are 
shown in Table 3. Bands occurring above 23 000 cm ' are due 
to internal ligand transitions.6 The band at -22000 cm is 
assignable to a ligand-to-metal Mo(drc) - L(n) charge- 
transfer (1.m.c.t.) transition. Such 1.m.c.t. transitions are also 
reported 15*16 for [MoO,(d t~)~]  (dtc = NN-dialkyldithio- 
carbarnate) type complexes where similar (S,S-) bonding 
occurs. 

EIi.c.tro<.hi.t,ric.al Stirclicjs of' the [ MoO,L,] Conplcxcs.--The 
relevant electrochemical data for complexes [MoO,L,] 
(2a)-(2d) in the potential range +0.5 to - 1.5 V us. s.c.e. are 
summarised in Table 3. The ligands are electrode inactive in 

T 
20pA 

1 

-1.4 -1.0 -0'6 

E l  V versus s.c.e. 

Figure 1. Cyclic voltammograms (-) of [MoO2(L4)J (2d) in 
dmf mol dm-3) at a platinum electrode; scan rate, (i) 0.2, 
(ii) 0.1, (iii) 0.05 V s-'. Differential pulse voltammogram (- - -) 
of (2d) at a scan rate of 0.01 V s-', peak-to-peak amplitude 25 mV 

the potential range studied. All reductions are irreversible. 
The variable-scan cyclic voltammograms for (2d) are shown in 
Figure 1, which is typical of all the [Mo02L2] compounds. 
Figure I also includes the differential pulse polarogram of 
the same compound. It displays one reduction peak ( E p c )  at 
- 1.03 V (scan rate 0.01 V s-l). 

Attempted coulometry at potentials more negative than 
EPc gave continuous coulomb counts due to unidentified 
reactions. However, on comparing the observed current height 
at Epc with those of the authentic le-  reductions carried out in 
this laboratory the voltammetric response observed here 
appears to be a metal-centred one-electron transfer comprising 
the MoV'and MoV oxidation states: [MoV102L2] e -  -+ 
[MoVO2L2]-. The lack of anodic response even at a high scan 
rate (0.5 V s ') is evidently due to rapid decomposition of the 
reduced species [Mo0,L2]-. 

The half-wave potential ( E , )  was calculated from the dif- 
ferential pulse polarographic data utilising the equation l8  

Epc := E+ - AE/2,  where Epc is the reduction peak potential 
and A E  the modulation amplitude. 

The most notable electrochemical feature of the [MoO,L,] 
type complexes as revealed from Table 3 is the significant 
change in Ei imparted by apparently small changes in ligand 
structure. Such high sensitivity of the metal-centred redox 
potentials towards remote substitution on the ligand frame- 
work is well documented in the literature.'." This change in 
Ei could be interpreted as being due to the substantial ligand 
character of the electron-transfer orbital." This explanation 
gains further support from the fact that the terminal oxygen 
atoms in [Mo02L2] (2a)-(2d) are extremely basic {could be 
replaced partially by halide ions 'O as in [MoO,(dtc),] com- 
plexes zl> due to the availability of high electron density on the 
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Table 4. Electronic and e.s.r. spectroscopic, magnetic, and electrochemical data for the [MoO(L'),] complexes 

EIV us. s.c.e.= 
I 

* 
\ 

Compound 2/cm-' a Perr./B.M.b <g> Epc * Epa AEp 
(3a) 12 5 0 0  (2.98) 1.58 1.982 - 0.97 - 0.78 -0.19 

15 500 (3.37) 
22 300 (sh) 
25 300 (4.47) 

12 600 (3.22) 
15 400 (3.55) 
22 700 (sh) 
25 500 (4.46) 

1.65 1.985 - 1.04 - 0.66 - 0.38 1.36 

log E values are given in parentheses. B.M. = 0.927 x A mz. Scan rate 0.05 V s-'; supporting electrolyte [NEt4][CI04] (0.1 
Difference in potentials for the cathodic and anodic peaks. mol dm 3, i n  dmf. 

g Ratio of the cathodic and anodic peak heights, calculated according to the method of ref. 12. 
Cathodic peak potential. Anodic peak potential. 

metal atom from the electron-rich ligand orbitals. In fact high 

electron density is located in the-%s part of the ligand due 

t o  which strong N-H S hydrogen bonding occurs 4*6  and 
as a result the N-H * * . S proton is observed at much lower 
fields (6 10.82-12.66 p.p.m.) (Table 3) in n.m.r. spectra of 
the ligands. 

S 

Characterisation of MoV Complexes.-Both the MoV com- 
pounds prepared by methods (a) and (b) gave identical analyt- 
ical results. The compounds are paramagnetic and therefore 
should be formulated as monomeric MoV species, [MoO(L*)~]. 
1.r. spectral features of the MoV compounds (Table 2) are 
similar to  the MeV' compounds, thus suggesting (S,S-) co- 
ordination. The spectra of both compounds contain a single 
band at -940 cm-I assignable to v ( M 0 = 0 ) , ~ ~  However, the 
spectrum of the MoV compound prepared by method (b) 
contains an additional medium intensity band at 1 2 3 5  cm-' 
assignable to  va,,,,(CSS) stretching due to unidentate sulphur 
co-ordination 23 thus suggesting the possibility that at least 
one of the ligands is unidentate. Hereafter the two MoV 
compounds will be represented as (3a) [prepared by method 
(a)] and (3b) [prepared by method (b)]. 

Electronic Spectra of(3a) and (3b).-A distinctive feature of 
the monomeric MoV compounds is their intense red colour in 
solution (drnf) due to electronic transitions in the region 
12 000-23 000 cm-' (Table 4, Figure 2). The characteristics of 
the MoV niononuclear oxo-complexes are the appearance of 
two low-energy bands at -12 500 and 22 500 cm-I (Table 4) 
which are essentially ligand independent and found in many 
such c ~ r n p l e x e s . ~ ~ ~ ~ ~  The results are consistent with the (4dxy) ' 
electronic ground state (2B2) for molybdenum(v) and the 
bands are assignable to 'B2 - ' E  (02,, --w M04dxy) and 
2Bz -+ ' E  (MobdXy .--) M O ~ ~ , , , ~ , )  transitions respect- 

Another strong band appearing at -15 500 cm-' 
probably originates from the ligand-to-metal (S * Mo) 
charge transfer.26 

Magnetic Moriient and E.S. R .  Data fbr  (3a) and (3b).-The 
magnetic moment and e.s.r. data for the monomeric Mo" 
complexes are listed in Table 4. The peff.  values are quite 
close to  the spin-only value for a d' system. 

The e.s.r. spectra of complexes (3a) and (3b) are almost 
identical. The room temperature (298 K) spectra in the 
powdered form and in solution (dmf) show a single central 
absorption at (g+1.98 due to the resonance of molecules 
with even metal isotopes (1 = 0). The observed ( g )  values 
are somewhat higher than those for the related oxo- and 

Wavelength Inm 

I I I I 

10000 14000 18000 22000 26000 

Wavenumber Icm-' 

Figure 2. Electronic spectra of [Mo"O(L'),] (3a) and (3b) in dmf 
solution 

halogeno-species," the reason for which may be the polar- 
isable nature of sulphur ligands.2z 

Electrochemistry of(3a) and (3b).-The cyclic voltammetric 
traces and electrochemical data for the reduction of Mo" 
complexes (3a)-(3b) in dmf in the range f0.5 to -1.5 V us. 
s.c.e. are shown in Figure 3 and Table 4. In both cases reduc- 
tion is essentially a quasi-reversible process.28 The charge- 
transfer irreversibility is likely to be the reason for the high 
value of AE,. In both cases the value of i,,/i,, > I, suggesting 
that a post-chemical process is very much in operation." This 
may possibly be the oxidation of the Mo"' species that is 
formed during the cathodic scan and which is known to be 
very sensitive to  traces of moisture and oxygen.' Anodic 
scans, beginning just slightly more positive than the reduction 
peak, showed no oxidation peaks in the voltage range used, 
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pounds 30), (3b) is a six-co-ordinate octahedral (Oh) molecule 
as shown in Figure 2. 

T 

I I I I I 

-1.2 - 0.8 - 0.4 
EIV versus s.c.e. 

Figure 3. Cyclic voltammograms of [Mo'O(L'),] (3a) and (3b) 
in dnif ( -  10 ' niol dm at a platinum electrode; scan rate 0.05 
v s-' 

inferring that neither of the complexes is electrochemically 
oxidisable to  MoVi  species under these conditions. 

Satisfactory coulometric results were not obtained because 
of constant coulomb counts due t o  some unidentified chem- 
ical reactions, one of which may be the dimerisation of the 
MoV species because of their extreme moisture sensitivity in 
the coulometric time-scale as observed by 0the1-s.~ However, 
comparison of the current heights at Epc with those of authen- 
tic le-  reductions carried out in this laboratory l7 suggests 
that in both cases the reduction is a metal-centred one-electron 
process between MoV and Mo" states: [MoVO(L'),] + e-  - [ Mo'"O(L'),]-. Similar electrochemical behaviour was 
also observed by Spence and co-workers for various other 
monomeric MoV complexes. 

The significant electrochemical feature of the two MoV 
complexes is the difference in their ease of reduction. Com- 
pound (3a) is reduced at a slightly more positive potential 
(EPc -= --0.97 V) compared to (3b) (Epc = -1.04 V). This 
result correlates well with the idea that (3a) may be a seven- 
co-ordinate species containing one more sulphur atom co- 
ordinated to the central metal ion. This additional sulphur 
atom probably helps in lowering the energy of the electron- 
transfer orbital and subsequent stabilisation of the reduced 
species by more effective charge d i ~ t r i b u t i o n . ~ ~  

Thus the small differences in i.r. and electronic spectro- 
scopic and voltammetric features of the two M o V  compounds 
having identical chemical composition could be interpreted as 
being due to a difference in the co-ordination sphere surround- 
ing the central metal ion. While (3a) is assumed to be a seven- 
co-ordinate species with a gross pentagonal bipyramid ( DSh) 
geometry (common for seven-co-ordinate molybdenum com- 

Conclusions 
The binding of 2-aminocyclopent- 1 -ene-1 -carbodithioic acid 
(HL') and its N-alkylated derivatives HLZ-HL4 with molyb- 
denum occurs through disulphur chelation. The observed 
< g )  values (-1.98) for the MoV compounds are quite close 
to the corresponding value (1.977) determined for the xan- 
thine oxidase rn01ecule.~~ Electrochemical studies have es- 
tablished that the reductions Mo"' - MoV and Mo" --+ 
Mo'" occur at almost the same potential (--0.95 V). 
Reduction potentials determined for the MoV'-MoV and 
M o ~ - M o ' ~  couples in xanthine oxidase 32 and xanthine de- 
hydrogenase 33 respectively are also essentially equal. All 
these observations indicate that a close correlation may exist 
between the co-ordination environment surrounding molyb- 
denum in molybdenum cofactor of xanthine oxidase and in 
the system studied here. 
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