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INTRODUCTION

The nature of the molybdenum sites in the various molybdo~
enzymes continues to attract attention. Recently, the isola-
tion of an iron-molybdenum cofactor ( Fe-Mo-co ) (1} has been
described, and Molybdenum-K-edge X-ray absorption fine struc-
ture ( EXAFS ) analysis of the Fe-Mo-co (2}, and synthetic
models (3,4) was reported. The recent EXAFS data suggest an
attractive model of Fe~-Mo-co composed of two cubane-type co-
res joined by a common Mo atom (MoFegSg) (4). A priori it
seems difficult to obtain a complex with the core (MoFe688)
by a spontaneously self-assemble from simple reactants under
homogeneous conditions.

We have now achieved the synthesis of the (MoFeGSS) core
attached to a polymer and we describe here our preliminary
results.

The formation of the (MoFegSg) cluster was achieved accor-
ding to a reaction sequence wich involves the (MoFeS4)2‘ and
(MoFe384)2‘ intermediates as shown in Scheme 1.

EXPERIMENTAL

All operations were performed in a purified dry argon at-
mosphere in a Schlenck-~type glassware; all solvents and rea-
gents were thoroughly degassed prior to use. Experimental
procedures for the synthesis of macromelecular styrene-divi-
nylbenzene copolymers, chloromethylation procedure (5), and
the addition of -SH groups to these chloromethylated resins
{6) are described in previous publications and, therefore,
will not be reported here.

1. Preparation of (MoFeS4)—attached Resin

To a stirred suspension of 4 g of resin I ( 3% divinyl-
benzene; 0.3 mequiv/g § ) in 50 ml of anhydrous methanol, a
solution of 0.8 g of sodium methoxide in 75 ml of anhydrous
methanol was added. After stirring for 24 h at 250C, the sus-—
pension was decanted, and the resin was extracted with 200-ml
portions of anhydrous methanel until the phenolphtaleine in
water gave a negative test for sodium hydroxide. The resin
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was then stirred at room temperature in 100 ml of dioxane c¢on-
taining 0.4 g FeClg for 24 h, filtered, and extracted with 200
ml-portions of dioxane until the extract was no longer colored.
The resulting green-gray resin was then suspended in a soluti-
on prepared from 0.75 g of ethanethiol and 0.56 g of sodium
methoxide in 50 ml of anhydrous methanol. This suspension was
stirred for 24 h at room temperature. After filtration, the
dark green resin beads were extracted with 200-ml portions of
acetonitrile until silver nitrate in acetonitrile gave a nega-
tive test for mercaptan. To a stirred suspension of this re-
sin in 6 0 ml of DMF, a solution of 0.6 g of NagMoSq4 in 80 ml
of DMF was added. The reaction mixture was stirred for 18 h at
room temperature. The resulting dark red beads were washed
with five portions of 200 ml acetonitrile-dimethylformamide
(1:1) and dried in vacuo at 70°C. The elemental analysis of
this resin suggests the composition P-S-(EtS)FeSgMoNag.(Anal,
Caled. for P-CoHgFeMoSgNag: S 5.35; Mo 2.67; Fe 1.55 %. Founds
S 5.21; Mo 2.45; Fe 1.35 % ). ( P = polymer core ).

2. Preparation of (MoFe3S4)—attached Resin.I1II.

Two solutions of reactants were prepared as follows: (i)
1.2 g of anhydrous FeClg were dissolved in 50 ml of anhydrous
methanol and the solution was filtered through a Celite pad;
(ii) 3 g of tert-butyl-mercaptan were added to a stirred so-
lution of 1.8 g of sodium methoxide in 50 ml of anhydrous
methanol. The solution (i) was added dropwise in approximately
0.5 h to the stirred solution (ii). The resulting reaction
mixture was filtered, and 4 g of resin II were added to filtr-
ate. After 18 h of stirring, the suspension was filtered, and
the resin beads were extracted with 200 ml-portions of aceto-
nitrile until silver nitrate in acetonitrile gave a negative
test for mercaptan. The product was dried in vacuo at 60°C
to give 4.2 g ( 92-93% ). The elemental analysis of this resin
suggests the composition P-S-MoFegMoS4(SBut)sNas. ( Anal.Calcd.
for P-CggH, sFeq MoS;Nag 1 S 7.83; Fe 4.1; Mo 2.35 %. Found :

S 7.57; Fe 3.82; Mo 2.19 % ). { P = polymer core ).

3. Preparation of (MoFegSg)-attached resin.IV.

Two solutions of reactants were prepared as follows : (i)
2.35 g of anhydrous FeCly were dissolved in 50 ml of anhydr-
ous methanol and the solution was filtered through a Celite
pad; (ii) 7.8 g of tert-butyl-mercaptan were added to a sti-
rred solution of 4.5 g of sodium methoxide in 150 ml of an-
hydrous methanol. The solution (i) was added dropwise in app-
roximately 0.5 h to solution (ii) under continous stirring.
After complete addition of solution (i), the reaction mixture
was filtered and 2 g of resin III were added to filtrate.
This suspension was stirred for 5 h at room temperature and
a solution prepared from 1 g of NaSH and 0.9 g of sodium me-
thoxide was then added. After 18 h of stirring, the suspensi-
on was filtered and the resin was extracted with 100 ml-por-
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tions of acetonitrile until the extract was no longer colored.
Repeating this workup for three times, provided a black resin
wh%ch wvag well washed with acetonitrile and dried in vacuo at
70°C for 18 h. The elemental analysis of this resin suggests
the composition: P~S—M0Fe388(SBut)5Na2. ( Anal. Calcd. for
CooHysFegMo8) Nay ¢t S 10.23; Fe T.65; Mo 2.19 %. Found : S 9.9
Fe 7T.47; Mo 2.15 % ).( P = polymer core ).

4. Sodium Replacement Experiments.

Samples of resins II, III and IV were treated with an ex-
cces of tetramethylammonium chloride solution in methanol,
well washed with methanol and acetonitrile, and dried in va-
cuo at 709C for 18 h, Microanalyses for nitrogen were consis-
tent with the replacement of 1,8 ~ 2.3 Nat.

RESULTS AND DISCUSSION

To synthesize clusters of the general stoichiometry
(FESMOSS), several reported experimental data were considered
as suitable starting points: (i) formation of analogues of
Fe4S4 clusters from _their components proceeds trough the ru-
bredoxine (Fé(SR)4)z- sgecies; (ii) formation of MoFeS, core
by the reaccion of MoS42~ with (Fe(SR)4)2~ §7,8); (iii) when
the FeClg~NaSR systems are treated with MoS, ~ under homoge-
neous conditions, the only isolable species are of the type
(MogFegSg), (MogFegSg) ( 4,9-13) , and (MogFe;Sg) (13).

The scheme we have outlined for the preparation of MoFe,Sg
cluster involves the following sequence: (i) preparation of
the iron-molybdenum core MoFeS4 wia interaction of & resin-
bonded ‘FeII(SEt)4)2’ complex with (MoS4)2- ; (ii) preparati-
on of the tetranuclear iron-molybdenum cluster MoFegSgy by
treating of the intermediate P-S-Fe( SEt)MoS4)2~ with an excces
of (Fe(SBut)4)Na and NaSBul; (iii) preparation of the seven-
nuclear cluster MoFegSg via interaction of the -Mo(SBut)g
group of the resin III with excces of (Fe(sBu%)4)Na using
NaSH as source of sulfide.

Additional research in progress is aimed toward the reco-
very of MoFegSg core from resin IV in the form of the well-
characterized complex by reaction with CoHgCOSH.
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