Inorg. Chem. 2004, 43, 6508—6510

Inorganic: Chemistry

* Communication
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The synthesis and structure of the first Mo/Fe/S/BH, cluster is
reported. Reaction of (Cls-cat),Mo,FesSs(PPrs)g with 4 equiv of Buy-
NBH, results in the formation of [(Cls-cat)(PPrs)MoFesSa(BH,)s]2-
(BugN)4 (Cls-cat = tetrachloro-catecholate) which has been fully
characterized. X-ray structural determination of this double-fused
cubane reveals four BH,~ ligands bound to four Fe atoms in a
bidentate fashion. A synopsis of the solution characterization as

well as the reactivity of this cluster is also presented.
Figure 1. Structure of the FeMoS center of nitrogenase.

Single crystal structure determinations of the Mg nitrogenase enzyme also has hydrogenase activity reducing
protein of nitrogenase have revealed the unique structure of1" 10 Hz which acts as an inhibitor to N¢formation. A
the FeMo$S cofactor, FeMoco (Figure 1). mechanism that involves the possible formation of FeMeco

hydrogen or—hydride intermediates has been described
recently’ To test the possible existence of these proposed
metallo-hydrido or hydrogen atom clusters, we investigated

contributed significantly to fundamentally important chem- the reactions of MoFeS clusters with hydride sources such

istry. The mechanism of dinitrogen activation and reduction @S BH— anions.

by the FeMoS cofactor in nitrogenase has been the subject N this paper, we report on the synthesis and structure of
of numerous calculations and suggestidie variety of & néw FeMosS cluster that contains BHigands.

theoretical models available underscores the fact that the The cluster [(Cl-cat)(PP§MoFe;Su(BH4)2]2(BusN)s4, 1, is
mechanism of Mfixation is still an unresolved problem. The obtained from the reaction between (ChtpMo FesSs-
(PPg)s, lla,® and BuNBH, in 85% vyield (Cls-cat =
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Figure 3. Partial view of clusterslb andl demonstrating the difference

in arrangement around the Mo atom. (Only half of the cluster is depicted
in these drawings; the carbon atoms of the phosphines and tiN"Biave
been omitted for clarity.)

Figure 2. ORTEP diagram of the [(Gcat)(PPs)MoFe;Sy(BHa)2] (BusN)a ] ) )

(1) cluster showing the thermal ellipsoids. The,RBd cations have been  Orientation of the Glcatecholate ligands. Each of the Fe
omitted for clarity. atoms (except the two that define the;Eerhomb) is also
coordinated by am?-BH;~ bidentate anion as is evident in
Figure 2.

The substitution of the phosphine ligands with the boro-
hydrides affects the reduction potential of the final product.
The cyclic voltammetry of clustedl exhibits a single
reduction at—743 m\A° compared to that of clustdta at
—839 mV. Moreover the reduction dfis quasireversible
unlike that oflla which is reversible. The electrochemistry
hints at the possible formation of a different product after
the one-electron reduction. The oxidation states of the metal
centers are not affected by the substitution reaction, and that
is supported by the EPR spectra (frozen THF) afhich
are silent like that ofla. Moreover, the magnetic behavior
of | is comparable to that ofia. Characteristically, the
magnetic moments at 2, 5, and 300 K are 5.58, 6.78, and

catpMo,FesSs(P'Bug)g], llc, have been used for the com-
parison of the two structures. The bridge between the two
[MoFesSy)?+ species defines a F& rhomb with a short Fe
Fe distance of 2.6692(6) A only slightly longer than that of
clustersllb and llc (at 2.659(15) A and 2.6512(17) A,
respectively). The MM distances in cluster are slightly
increased compared to those in clusterindicating an
expansion of each Mok®, cubane that is evident by the
Mo—Mo distances at 7.931(1) A compared to those of
clusterslb andlic at 7.864(2) and 7.849(2) A, respectively.
The average MeFe distance irl is found at 2.719(4) A
(range: 2.703(2)2.732(2) A) whereas those in clustéiis
andllc are found at 2.677(5) A (range: 2.658{2).695(2)
A), and 2.665(10) A (range: 2.6479(12.6815(10) A),
respectively. The average intracubane-Fe distances df 732, respectivel
are at 2.7355(5) A (range: Fée, 2.7040(5)2.7944(5) A) -0 e, TESP Y _ o
compared to those of clusteto andlic at 2.639(3) A e IR spectrum at the BH stretching regioh '
(range: Fe-Fe, 2.632(2)2.649(3) A) and 2.622(5) A |nd|cat|ye of a bidentate bmdmg. modebut the 139 cm
(range: FeFe, 2.6127(13)2.6302(13) A), respectively. ~ Separation between thg_y (terminal) andvs - (bridging)

The Mo atom has an octahedral geometry with an averagemOdes is rather. smaII..T.hat is ;uggestlve of a rather weak
Mo—S distance at 2.3652(6) A (range: M8, 2.3515(6) M—BH, interaction. This is conflrmed by the X-ray crystal
2.3923(6) A) and a MeP distance at 2.5967(7) A. The structure where the average-Rdy distances are rather long

arrangement of the ligands around the Mo atom is different at 1.903 A (range: 1.8211.977 A). The B—H distances
in clusterl compared to clusteigb andllc. In clusterdib and H-B—H angles reveal an almost ideal tetrahedral

andllc, the Cl-catecholate ligands are parallel to the plane arrangement ar(_)un_d the boron atom. The, Bhit _occ_upies_,
defined by the MoFgS, thombic unit (Fg = the iron atom throughi two br|qg!ng hydrogens, two coordination sites
without a terminal ligand) whereas in clusteit is almost around irons, but it is thereby forced to an average very small
perpendicular, Figure 3. This difference indicates that the H—Fe—H';)lte;\ngle of 51'5§ TT]e F&g’ distances art; at
exchange of the phosphine ligands of the Fe atoms with the2'289(3) an at2.319(3) A. The E13“Fr|1 oes hot act e;‘t er
borohydride ones is not a simple substitution reaction. It 35 & reducing agent or a source o ydﬁlde but rather as a
affects the coordination around the Mo atom since bond ligand that replaces the terminal phosphines of the four Fe

breaking and formation is required to accommodate the newato"_1s in a ligand SUbSt't_Ut'on rea_ctlon. C_Zompommilght
provide an excellent starting material for biologically relevant

(9) Crystals suitable for X-ray diffraction were grown for compound  Mmetallo—sulfur—hydrido clusters. Preliminary reactivity stud-

(crystal dimensions (mm): 0.40, 0.36,‘0.34). Data were collected on jes have shown that the BH Iigands can be removed in
a Bruker SMART CCD-based X-ray diffractometer operated at 150
K (20max = 57.99). The space groupPgi/c, monoclinic) was

determined on the basis of systematic absences and intensity statistics(10) All the cyclic voltammetry experiments were carried out with Pt

Cell dimensions (A, deg) ara = 17.1420(19) Ab = 22.604(3) A, working and Ag/AgCl reference electrode with 0.1 M usNPFs

¢ = 17.2955(18) A with3 = 110.387(2), and the volume i/ = electrolyte in 1,2-dichloroethane. The redox potentials are reported
6282.0(12) &. All hydrogen atoms of the borohydride ligands were vs SCE.

located and refined with isotropic thermal parameters. Full-matrix least- (11) (a) Marks, T. J.; Kennelly, W. J.; Kolb, J. R.; Shimp, L. Worg.
squares refinement based Bhconverged to an R1 [>20] value of Chem.1972 11, 2540. (b) Marks, T. J.; Kolb, J. Ehem. Re. 1977,
0.0330 and a wR2 value of 0.0820, GOF 1.026. 77, 263.
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the presence of an acid (even a weak one such as MeOH}Yion of these species could be of extreme importance and
with the simultaneous evolution of;Hyjas, or a base. The are the focus of undergoing synthetic attempts in our lab.
compound remains stable in a THF solution for a prolonged

period of time in ambient temperatures but loses,;Bir Acknowledgment. We thank Jeff Campf for X-ray data
BHz upon heating (the BH stretching vibrations were absent collection. The authors acknowledge the support of this work
in the IR spectra). Moreover, reactionlofvith Lewis bases by a grant from the National Institutes of Health (GM 33080).
such as diglyme results in the removal of Bby the possible

formation of a diglyme:BHadduct. It is not clear if a metal Supporting Information Available: X-ray crystallographic file
hydride species is formed since this could not be identified in CIF format for [(Cl-cat)(PP§MoFe;Sy(BHa)](BusN)a. This
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multiple paramagnetic centers. The isolation and identifica- 1C049275w
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