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Electron-rich polyisocyano derivatives Fe(S,CaHan)(CO)s—x(CNMe), Fe NH Fe NH
(x ~ 4) undergo oxidatively induced (FeCp,") reaction with \ (( \ (/

i : \CHZ”S SaS Hy \C ~S. SaS Hy
additional CNMe to give [Fex(SR)2(CNMe)7](PFe),, a new class of - C“‘"}FQXFQ,/, Ezc\.\Fe'\;e/
iron thiolates. Crystallographic characterization established that the O‘/C/ \}/‘c/ \CsN Of 7 \(';”C$N
34 e~ dinuclear core resembles the oxidized (H,-binding) form of N~ d Y% N l(|)| %

the active sites of the Fe-only hydrogenases, key features being (a) (b)
the face-sharing bioctahedral geometry, the x-CX ligand, and an
Fe—Fe separation of 2.61 A. Oxidation of the phenylthiolate
Fe,(SPh),(CO),(CNMe), led to mononuclear [Fe(SPh)(CNMe)s]-
(PFg), which is analogous to [Fe,(SR),(CNMe)so](PFs). formed upon
treatment of [Fey(S,CsHg)(CNMe)7](PFs), with excess CNMe.

Figure 1. Reduced (a) and oxidized (b) active site structures proposed
for the Fe-only hydrogenase Desulfwibrio desulfuricans

The CO-inhibited and active forms of the binuclear active
site feature a bridging or semi-bridging CO ligafid-®> which
has proven difficult to replicate in synthetic models. Recently
Pickett et al. described a transiently generated oxidized
) ) ) species with spectroscopic signatures indicative of the
Recent intensive efforts have been directed toward the required F(SR)Ls(u-CO) donor set, but such species are
synthesis of structural and functional models of the active |,nstable above-40 °C 16 In this report, we describe a new

Sitise of the Fe-only hydrogenases (Fedse, see Figure  ¢|555 of diiron dithiolates based on isocyanides as surrogates
1)27® These enzymes are highly active catalysts for the ¢4 the mixed CG-CN- donor set; this new class of diiron

intercqnversion of protonfs and dihydrodeand have th_e species provides structural models for the(SR )L ¢(u-CX)
attraction that they are derived from base metals, vs p_lat'”_umactive site of the Fe Hases.

group metals usually necessary for hydrogen oxidation  Recognizing that isocyanides are isoelectronic with CO
catalysis® First generation models for the Fe-Hse active but superior electron donots;2° we reinvestigated the

site (H-cluster) focused on iron(l) derivatives such as Fex(S:CsHe)(CO)_(CNMe), system for which we had
[FE(SRACOUL2-n(CN)]"" where L= PMes. These studies  previously reported the disubstituted derivatixe<(2)3 We

have led to new catalysts for proton reductfo@ur quest found that treatment of BS,CsHg)(CO) with excess CNMe
for diiron dithiolates capable of dihydrogen oxidation focuses ;, refluxing MeCN solution gave oxidatively sensitive

on di_fer_rous species, higher oxidation states being suited forpolysubstituted derivatives such as (&CsHs)(CO)-
H, binding1°-12
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Scheme 1. Synthesis and Chemical Oxidation of

Fex(SR)(CO)(CNMe).?
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Mey . R R ///N’Nh5 © MeNC |\CNM° Figure 2. Structure of the dication in [R¢5,CsHs)(CNMe)](PFe).:
N en CNMe CH.Cl, (2) with the thermal ellipsoids set at the 50% probability level.
Fe——Fe—cs B ® Selected distances (A) and angles (deg): FeFE(2) 2.6342(12); Fe(H)
_c7/ AN o
o weNE N C(1) 1.864(6); Fe(ByC(3) 1.759(7); Fe()C(5) 1.762(6); Fe(BC(7)
° N 1.952(5); Fe(2)C(7) 2.300(5); Fe(2yC(9) 1.824(6); Fe(2yC(11) 1.872-
) M 2+
e MeNG _‘ (6); Fe(2)-C(13) 1.864(5); Fe(BHS(1) 2.2906(16); Fe(1)S(2) 2.3011-
venc.... | .CNMe (15); Fe(2)-S(1) 2.2350(15); Fe(2)S(2) 2.2709(15); Fe(HC(7)-N(4)
— . , Fe — . ; - . .
o - T\cum 155.7(4); Fe(2FC(7)—-N(4) 128.2(4); C(7-N(4)—C(8) 168.3(5)
exception® include the Poilblanc dimefsi23437 [HFe,-
Moo R R N/Mejz* (SRR(CO)L,]". Bridging isocyanides in low-valence com-
L RNERCI © plexes, e.g., RACNBW)y,° are typically strongly bent,
PO 1 — . . . . .
N’//CZ*‘FB\ . ”N;'C\N\Me whereas ir2 the u-CNMe ligand is relatively linear{{C—
Mt N S MeNC.,,.. Flei_,_,‘..ﬂ.chMe N—C = 168). The linearity of theu-CNMe is consistent
Mg Me Me MeNC™ | Nenme with little back-bonding in this diferrous species, which is
(. (5~ st MeNC expected to be rather electrophilic (see below). The 2.63 A
@ Fe—Fe distance is close to the +Ee separations reported
2 Conditions: (a) excess CNMe, MeCN, 7@, 2 h; (b) excess CNMe, (2.6 A) for the Fe-only hydrogenasEs®vs 2.5 A observed
hMe(g)N, 70°C, élzllcl (02 gxces.s Cfl\lé\}/léb EG qum Olf fﬂ(P)EégﬂeCN, 1f in earlier structural models based on [zé
) excess e, 1.o equiv O , Ve , , (e equiv O . o .
CNMe, CDCN, 30 h. d q Like the reduced Fe Hases,2 also has a semibridging

CX ligand, with Fe-(u-CNMe) distances differing by 0.35

(CNMe), (1, Scheme 1), the ethanedithiolate derivative of A. Compound? is sufficiently unusual that we prepared and
which was characterized crystallographically (see Suppl. crystallographically characterized the related ethanedithiolate
Info.). Isocyanide adducts of iron thiolates have been reported[Fe(S,C.H.)(CNMe)](PFs)2 (3), wherein the.-CNMe ligand
sporadically*~2¢ but have not been the subject of systematic is symmetrically positioned between the metals (Figure 3).
investigation. The differing structures o2 and 3 suggest that the two

Treatment ofl, generated in situ from E€S,CsHg)(CO)s bonding modes observed for theCNMe are energetically
with 10 equiv of CNMe, with ca. 2 equiv of GBePFk in similar.

MeCN afforded air-stable microcrystals of Pr&,CsHe)- Both 2 and3 bear a striking resemblance to the bimetallic
(CNMe)/|(PFs)2 (2). The distinctive green color df arises core of the Fe Ktases (Figure 4). The bridging CO ligand
from a low-energy band at 620 nma £ 1500 Mt cm™?). in the H-cluster, which has proven elusive from a modeling
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Figure 3. Structure of the dication in [RES,CoH)(CNMe)/](PFs)2:MeCN

(3) with the thermal ellipsoids set at the 50% probability level. Selected
distances (A) and angles (deg): FefBe(1A) 2.6005(12); Fe(HC(1)
1.846(4); Fe(1)C(3) 1.875(4); Fe(yC(5) 1.875(4); Fe(:yC(7) 2.078-
(5); Fe(1}-S(1) 2.2507(12); Fe(})S(2) 2.2770(11); Fe(HC(7)—N(4)
141.26(10); C(7rN(4)—C(8) 174.6(5).

Figure 4. Overlay of the crystallographic models of the dication in
[Fex(S:CoH4)(CNMe)](PFs)2MeCN (3) with the H-cluster of the CO
inhibited form of theClostridium pasteurianun{Cpl) Fe-only hydroge-
nasel® where all diatomic ligands were modeled as CO in the H-cluster

(orange, Fe; yellow, S; red, O; blue, N; gray, C). The atoms and bonds of

the dication in3 are shown with lines. The hydrogen atoms3o&nd the
unidentified light atom bridging the sulfur atoms in the H-cluster have been
omitted.
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1). Compound! forms when solutions a? are treated with
an excess of CNMe in MeCN solution; the conversion is
accelerated by light. Upon standing in solutidnpartially
reverts ta2 via expulsion of CNMe. Compour@lalso reacts
with excess CNMe, but the NMR data indicate that the
product is not a structural analoguedbfrurther studies are
underway.

In contrast to the synthesis & and 3, the oxidative
decarbonylation of F£SPh}(CO)-x((CNMe) gave exclu-
sively the monomer [Fe(SPh)(CNMg) (5, see Scheme 1).
The C,, local symmetry for this bright yellow RF salt was
confirmed by X-ray crystallography (see Supporting Infor-
mation). In contrast td, however,5 shows no tendency to
condense into aufSR), structure, even upon refluxing in
MeCN solution. It is well-known that thiolates are excellent
bridging ligands, but these experiments highlight the en-
hanced ability ofiithiolates to stabilize the binuclear sfte!

Preliminary experiments hint at possible extension& of
to include phosphine derivatives. For example, Fe&p
oxidation of Fe(S;CsHe)(COM(PMe;), in the presence of
CNMe gave a mixture of [F£S,C3Hg)(CNMek(PMes)]-
(PFs)2 and [Fe(S,C3He)(CNMe)(PMey)](PF)., identified by
ESI-MS. 'H and *'P NMR spectra are consistent with a
mixture of stereochemically rigid isomers.

In summary, the following potentially fruitful research
directions are indicated: (i) the oxidative decarbonylation
of other M(u-SR),(CO), species should lead to new classes
of di- and polynuclear cations, (ii) the substitutional and
redox-based reactivity of [RESRL(CNR)]?>" may afford
models for the oxidized states of Fe-Hise, and (iii) the
photoreactivity o2 and3 bears investigation in view of the
low-energy absorption band and the indications of photo-
chemically induced ligand additions.
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Supporting Information Available: Crystallographic informa-

perspective, is closely matched by the bridging isocyanide tion files (CIF), experimental details, tables of crystallographic data,

ligand in 3. The Fe-Fe distances ir2 and 3 are the best
matches to those in the H-clusters to date.

Freshly prepared samplesdére generally contaminated
with [Fex(SCsHe)(CNMe) )%+ (4), a brilliant yellow species
characterized by distinctiviH NMR and ESI-MS spectra.
The 4:1 pattern for the MéH NMR resonances and the
symmetric pattern for the propanedithiolate point to a pair
of C,4, octahedra linked via a trimethylene chain (Scheme

cyclic voltammograms, and IR and WWis spectra (PDF). This
material is available free of charge via the Internet at
http://pubs.acs.org.
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