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Molybdenum has been found to be an essential 
component of aldehyde, sulfite and xanthine oxidase 
and nitrate reductase [ 1, 21. In examining the reac- 
tions carried out by these enzymes, it is found that 
the substrate is changed by the addition or removal 
of an oxygen atom. The twoelectron oxygen atom 
transfer reaction [3] may be relevant to the under- 
standing of the reactions of molybdoenzymes. 
Attempts have been made to prepare molybdenum 
coordination complexes which can carry out oxygen 
atom transfer reactions. Thiols [4], hydrazine [5,6] , 
polyketones [7] and tertiary phosphines [3] can be 
oxidized by Mo(V1) complexes. The cis-dioxomolyb- 
denum(VI) dialkyldithiocarbamates [MOO&- 
CNR,h] have been extensively studied with regard 
to these reactions. Barral et al. [3] have reported on 
the oxidation of triphenylphosphine (P&) by MoOz- 

(SKNEt,), . McDonald and Shulman [8] ,have 
described an analytical procedure for the spectro- 
photometric determination of P& using MoOz- 
(S&NEt,),. Newton and coworkers [9] have synthe- 
sized Mo(V),OaL4 (L = S,CNR2, SzPRz, cysteinato 
methyl ester, acetylacetonato and 8-hydroxyquino- 
linato) and Mo(IV)OL2 (L = SzCNRz and S,PR,) 
complexes starting with the Mo(VI) complexes and 
using ethyldiphenylphosphine (PEt&) to carry out 
the 0x0 abstraction. Durant et al. [lo] have describ- 
ed the kinetics and mechanism of the oxygen atom 
transfer reaction between Mo02(S2CNEt2)2 and P@a. 
Deli and Speier [ 111 have described a similar study 
involving MoO,(ethyl-L-cysteinate), and P& . Oxygen 
atom abstraction from MoO~&CNR~)~ can also 
be effected by acids [ 12, 131. For Mo(V1) dialkyl- 
dithiocarbamates an equilibrium is established [3, 
141 from 0x0 abstraction with phosphines when 
excess Mo(V1) complex is present. 

MoO&CNR~)~ + MoO(S&NR& 2 

MdMWNR,)~ (1) 

We have examined the reaction of a series of 
cis-dioxomolybdenum(V1) Schiff base coordina- 
tion complexes with PEt&. The synthesis and char- 

acterization of the Mo(V1) complexes have been 
previously described [ 151 . Tridentate ligands with 
the following structure were employed. 

H 
\ 

X C=N’ SH 

OH 

5-X- SSE -Hz 

(X = Cl, Br,H, CH,O ) 

The Mo0,(5-X-SSE) complexes are soluble and 
stable indefinitely in dimethylsulfoxide (Me,SO) 
and N,Ndimethylformamide (DMF). In solution. 
a solvent molecule occupies the vacant coordination 
site tnzns to an 0x0 group. Since the molybdo- 
enzymes are redox enzymes, it would be interesting 
to see if ligand modifications would alter the relative 
reactivities of the Mo(V1) complexes toward 
suitable redox substrates. To this end, the Mo(V1) 
complexes were reacted with PEt&. This paper 
reports on the kinetic data obtained and its relation- 
ship to ligand structure. 

Results and Discussion 

The reactions of MoO~&CNR~)~ with P& are 
well documented in the literature 13, 8-11, 141 . 
This substrate, however, did not react at any 
reasonable rate with the Mo(VI) Schiff base com- 
plexes described in this report. A more suitable 
phosphine substrate, ethyldiphenylphosphine, was 
chosen because it reacted with the Mo(V1) com- 
plexes at reasonable rates between 30 “C and 60 “C. 
The reaction followed in this study was 

Mo0,(5-X-SSE) + PEt& -% 

MoO(S-X-SSE) + OPEt& (2) 

A qualitative examination of this reaction showed 
that it was a slow reaction that could be followed 
spectrophotometrically by observing changes in the 
optical spectra. The MoO,(S-X-SSE) complexes 
exhibit charge transfer electronic transitions below 
350 nm in the electronic spectrum. For all the MOO*- 
(5-X-SSE) complexes, the intensities of the electronic 
transitions associated with the Mo(V1) species 
decreased as a function of time on reaction with 
PEt&. A new absorbance appeared around 475 nrn 
and increased in intensity as the reaction proceeded. 
Absorbance changes in this region of the spectrum 

0020-l 693/83/$3 .OO 0 Elsevier Sequoia/Printed in Switzerland 



400 500 600 
iInm) 

Fig. 1. Spectral changes observed during the reaction of 

MoOz(5-HSSE) with PEt&. (The initial MOO, (S-H-SW 
and PEt@* concentrations were 2.83 X 1O-~3 M and 2.83 X 
10-l M respectively. Spectra were recorded at 15 min inter- 

vals). 

were monitored as a function of time to obtain the 
kinetic parameters presented here. 

All manipulations associated with the kinetic 
measurements were performed under a nitrogen 
atmosphere. MO(W) complex solutions of approx- 
imately 10Y3 M in dry DMF were employed. Pseudo 
first order conditions were used throughout the 
study of these reactions by maintaining the concen- 
tration of PEtQ, between 25fold and lOO-fold molar 
excess over the molybdenum concentration. The 
solutions were maintained at 60.0 f 0.5 “C with a 
thermostatted bath. Spectra were recorded for several 
hours at 15 to 30 min intervals, between 650 and 
300 nm, using a Beckman Acta M VII spectrophoto- 
meter. The pseudo first order rate constants, kobs 

(k&S = kl [PEt&] ), were determined for each reac- 
tion from plots of ln(A, - A,) versus time. A, is 
the optical density at time t. A, was determined 
as the optical density when the final two spectral 
traces overlapped. Kinetic experiments were 
performed at least three times for each molybdenum 
complex studied, with the plots in each case being 
linear over at least three half lives. 

Figure 1 shows a series of spectra recorded as a 
function of time for the reaction of MoO,(S-X-SSE) 
with PEt&. This result is typical of the type of 
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TABLE I. Kinetic Data for the Molybdenum(W) Com- 

plexes. 

MO Complex kl (M-l se?) at 60 “C 

MOO? (5 -BrSSE) 34.8(?2.8) X IO+ 

MoOz (5 Cl-SSE) 34.6cr2.7) x lo4 

MoOz (5 HSSE) 28.1(+1.8) X lo4 

MoOz(5CH30-SSE) 21.4(*0.6) X lo4 

spectral changes observed for these complexes. The 
appearance of an isosbestic point strongly suggests 
[16] that the molybdenum complex reactant is 
being converted to product without going through 
some type of reaction intermediate. 

It was mentioned before that MoO~(S,CNR~)~ 
complexes are reduced by phosphine to produce the 
corresponding Mo(IV) complexes. If excess Mo(VI) 
complex is present in solution, an equilibrium is 
established (see reaction 1) producing a p-oxo-MO(V) 
dimer. This type of MO(V) dimer (Mo203L,) has a 
unique absorption at -525 nm [17] which is essen- 
tially unchanged as the ligands L are varied. The 
absorption is believed to be associated with a charge 
transfer transition that is localized in the MO-O-MO 
bridge. The spectral data associated with our reac- 
tions are not characteristic of MO(V) p-oxo-dimers. 
The absorption band that increases in intensity 
around 475 nm has been observed in similar MO(W) 
complexes [ 181 . Thus, the spectral changes that are 
observed are most likely due to the conversion of the 
MO(W) complex into its MO(W) analog by way of 
the oxygen atom abstraction reaction producing 
OPEt&. There does not appear to be an equilibrium 
between the Mo(VI) and MO(W) complexes to 
produce the p-oxo-MO(V) dimer. 

Pseudo first order rate constant, kobs = rate/ 

[MOW-1 > were determined for these reactions at 
60 “C. In order to determine the order of the reaction 
with respect to [PEt&], experiments were run to 
determine the dependence of kobs on PEt& concen- 
tration. Since these reactions are slow, only one 
complex (MoO,(5-Cl-SSE)) was examined under 
conditions of varying PEt& concentration. A linear 
dependence of kobs on [PEt&] was obtained. This 
indicates that these reactions are also first order in 
PEtA. 

The kinetic data obtained in this study is inter- 
preted as resulting from a simple second order reac- 
tion involving a Mo(V1) Schiff base complex inter- 
acting with PEtA,. The applicable rate law is 
-d[MoO,L]/dt = k,[Mo02L] [PEthI. The second 
order specific rate constants, kl, are listed in 
Table I. Reactions at 30 “C have shown the k,‘s to 
be at least an order of magnitude smaller. Newton 
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Fig. 2. Plot of log (kiX/kiH) versus Hammet on for MoOz- 

(5-X-S%) (X = Cl, Br, H, CHsO). 

er al. [19] have discussed the reaction of Mo02(S2- 
CNR2)* with PRs as an electrophilic attack of the 
oxo-oxygen on the electron rich PR3 base. This 
mechanism is consistent with the kinetic data obtain- 
ed here. The Mo(VI) complexes described here con- 
tair. ligand substituents that span the range from 
electron-withdrawing (Cl, Br) to electron-donating 
(CH30). Figure 2 shows a plot of log (krx/k& 
(X = Cl, Br, H, CHsO) versus the Hammet up para- 
meter. Even though the substituents are not directly 
bonded to the molybdenum, their effect is trans- 
mitted through the ligand to the MO-0x0 core. 
This transmitted electronic ‘effect shows up in the 
changes that are observed for the kr’s. For MOO*- 
(S-Br-SSE) the substituent makes the ligand more 
electronegative because of the electron-withdrawing 
capacity of the substituent. Some electron density 
is also removed from the MO-0x0 core making the 
oxo-oxygen the most electrophilic of the series. In 
contrast, the complex MoO,(S-CHaO-SSE) contains 
the methoxy group which makes this particular ligand 
the least electronegative of the series. The electron- 
donating ability of the methoxy group is also trans- 
mitted to the MO-0x0 core making the oxo-groups 
in this complex the least electrophilic of the series. 
This difference in electrophilic character of the 
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molybdenum complexes is manifested in the varia- 
tion of the specific rate constants that are obtained 
for the reaction with PEt&. This report has shown 
that for a series of structurally similar cis-dioxo- 
molybdenum(VI) coordination complexes the rate of 
reactivity toward a particular substrate can be altered 
systematically through careful ligand design. 
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