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Hydrogen uptake in hydrogenase enzymes can be assayed by H/D exchange reactivity in Ho/D,O or H,/D,/H,0
mixtures. Diiron(l) complexes that serve as structural models for the active site of iron hydrogenase are not active
in such isotope scrambling but serve as precursors to Fe'Fe" complexes that are functional models of [Fe]H,ase.
Using the same experimental protocol as used previously for { («-H)(u-pdt)[Fe(CO),(PMes)]z*}, 1-HT (Zhao et al.
J. Am. Chem. Soc. 2001, 123, 9710), we now report the results of studies of { («-SMe)(u-pdt)[Fe(CO),(PMes)],*},
1-SMe™, toward H/D exchange. The 1-SMe™ complex can take up H, and catalyze the H/D exchange reaction in
D2/H,0 mixtures under photolytic, CO-loss conditions. Unlike 1-H, it does not catalyze H,/D, scrambling under
anhydrous conditions. The molecular structure of 1-SMe* involves an elongated Fe-+-Fe separation, 3.11 A, relative
to 2.58 A in 1-H*. It is proposed that the strong SMe™ bridging ligand results in catalytic activity localized on a
single Fe'" center, a scenario that is also a prominent possibility for the enzyme active site. The single requirement
is an open site on Fe' available for hinding of D, (or H,), followed by deprotonation by the external base H,O (or

D,0).

Introduction

of Fe-only hydrogenase, [Felbise, to easily synthesized and
well-known dinuclear P&€ organometallic complexés

The connection between enzymes that take up and activate(Figure 1a and b, respectively) has inspired the preparation

molecular hydrogen and noble metals that show similar
functions has intrigued scientists since the discovery of
hydrogenases in 1931IThe recent wave of attention has been
fueled by protein crystal structures which provide striking
snapshots of binuclear active sites in both niekedn? and
iron hydrogenasesThe similarity of the active site structure
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of derivatives modified in such a way to better mimic the
features of the enzyme active sit@vhereas the enzyme is
characterized by at least three different oxidation levels,
mixed-valent Fé-€' is a prominent candidate for the form
that is responsible for Huptake; heterolytic (H/H")
cleavage; and, by microscopic reversibility; production
and evolutiorf

(4) Seyferth, D.; Womack, G. B.; Gallagher, M. K.; Cowie, M.; Hames,
B. W.; Fackler, J. P., Jr.; Mazany, A. NDrganometallics1987, 6,
283.

(5) (a) Lyon, E. J.; Georgakaki, I. P.; Reibenspies, J. H.; Darensbourg,
M. Y. Angew. Chem., Int. Ed1999 38, 3178. (b) Schmidt, M.;
Contakes, S. M.; Rauchfuss, T. B.Am. Chem. So4999 121, 9736.

(c) Le Cloirec, A.; Best, S. P.; Borg, S.; Davies, S. C.; Evans, D. J.;
Hughes, D. L.; Pickett, C. JChem. Communl1999 2285. (d)
Lawrence, J. D.; Li, H.; Rauchfuss, T. B.; Bard, M.; Rohmer, M.-

M. Angew. Chem., Int. EQ001, 40, 1768. (e) Razavet, M.; Davies,
S. C.; Hughes D. L.; Pickett, C. €Them. CommurR001, 847.

(6) (a) Popescu, C. V.; Mk, E.J. Am. Chem. Sod.999 121, 7877.

(b) Pereira, A. S.; Tavares, P.; Moura, |.; Moura, J. J. G.; Huynh, B.
H. J. Am. Chem. So®001, 123 2771. (c) De Lacey, A. L.; Stadler,
C.; Cavazza, C.; Hatchikian, E. C.; Fernandez, V.IMAm. Chem.
Soc.2000 122 11232. (d) Bennett, B.; Lemon, B. J.; Peters, J. W.
Biochemistry200Q 39, 7455.

Inorganic Chemistry, Vol. 42, No. 8, 2003 2489



A\ @ 0. . ©
() 288 4Fe4S C. 55&
‘f.‘.-Fe/ \Fe{, }Fe’—’—S\Fe{.,_
0G¢7 e NON 0%/ XCo
rN o (0} ™ 3+ @) (0]
Sy’ H\
4 (@) (b)
ﬂ ¥ hj
S, O % & R
£ S\FL/C N S\Fe./
oC7\ .- \éCo OCC/ c CN
o B 0 N o} 0
(© (Y]

Figure 1. Stick drawing structures of (a) active site of [Fe#de? (b)
ground state ofy-pdt)Fe(CO)s, (c) calculated transition state of Fe(GO)
unit rotation in -pdt)Fe(CO), and (d) a spectroscopically observed +e
Fe complex?

The synthesis of mixed-valent complexes is not easily
achieved in the chemist's laboratory. A recent spectroelec-
trochemical study provided evidence for such arHee
species generated by one-electron oxidation of a diiron(l)
model? The mixed-valent product is a good spectroscopic
match for the CO-inhibited oxidized form of the enzyffie,
resulting in the proposed structure shown in Figure 1d. The
bridging carbonyl of the Fé-¢ complex has not heretofore
been observed inufSRS)[F&CO)L], model complexes.

Nevertheless, DFT computations suggest an analogous k -
tthat hydrogenase frorB. coli (Balantidium col) catalyzed

structure as a transition state for a rotation process tha
equilibrates CO ligands in individual Fe(C£)nits as seen

in *C NMR spectra. This rotation accounts for the observed
fluxionality or intramolecular site exchange that interchanges
COupicat With COpasal (Figure 1c)

Although the electrochemically generated'FFé species
has not, as yet, been isolated, homovalefiFEéecomplexes
are readily obtained from Hee precursors via the binuclear
oxidative addition of electrophiles such as dr SMe".°
Reaction of g-pdt)[Fe(CO)}PMe;)],, complex1 (pdt =
SCH,CH,CH,S), with H* or SMe" produceq (u-H)(u-pdt)-
[Fe(COY(PMey)]>"}, 1-H™,1% or { (u-SMe)(u-pdt)[Fe(CO)-
(PMey)]2"}, 1-SMe', respectively, with concomitant blue
shifts in thev(CO) IR spectrum (Figure 2). The role of the
PMe; ligands, analogues to cyanide in the enzyme active
site, is to both increase the electron density in thé-&e
bond and to stabilize the Hee' oxidation level following
oxidative addition.
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Figure 2. Stick drawing structures and infrared spectralpi-H*, and
1-SMet.

As early as 1934, Farkas, Farkas, and Yudkin demonstrated

the isotope exchange reaction betwee®nd H.!* This
reactivity, together with ortho/paraHnterconversion, the
mechanism of which was studied in detail by Krasna and
Rittenbergt? has provided the basis for hydrogenase activity
assays that typically demonstrate liptake as indicated by
H/D exchange in HID,O mixturest Mixtures of H/D, have

also been reported to show scramblifigresumably via LD
mediation. On the basis of such test reactions, our previous
studies indicated that the diiron(ll) complek;H*, serves

as a functional model of [Felidse in the catalytic isotopic
scrambling of B/H,0 and H/D, mixtures®®>During these
processes, all of which require photolysisH™ becomes
1-D*, indicating involvement of the bridging hydride in the
isotope exchange mechanism. Intermediates such as struc-
tures A and B, call upon theu-H to shift to a terminal
position and serve as an internal base under anhydrous
conditions to deprotonate the proximaig-H,)Fe' moiety.

A weak external base such ags@®can also deprotonate the
acidic ¢7>-Hy)F€' intermediate®
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Functional Models of the Iron Hydrogenase Acie Site

—|+ '—|+ with saturated aqueous solution of MR in MeOH. The solid
0 QS, CO QS was collected, washed with,® and E3O, and dried in air (0.6 g;
C /S\_ / Oc 25 cO yield, 44%).3'P NMR, acetonefd 20.95 (PMg) and—142.7 ppm
Me3P""'F\eD8+ /Fe""'CO :}-Fey \.'Fe./.. . (PR7). Elemental analysis, calculated for ;BgsH;7S304PsFs
o075y Mes 'V'esPC/ v b/ \PCO (found)%: C, 24.92 (24.66): H, 4.00 (4.03).
O 0] ~H Mes Test for Catalytic Formation of HD in H ,/D, Mixture. A
A B medium-pressure NMR tube (Wilmad, 528-PV-7) was charged with

a solution containing 20 mg §{u-SMe)u-pdt)[Fe(CO)}PMe;)]> "} -

. . [PFs7]in 1 g of CD.Cl,. The tube was then pressurized with 5 bar
Because an open site on Fe can, under photolysis, bey, and with D, to a total pressure of 10 bar and exposed to sunlight.

created by a hydride shift or by CO loss, we questioned 14 NMR spectra were taken daily over the course of 8 days to

whether the hydride was a requirement for the heterolytic check the formation of HD. None was observed.

H./H,0 or D,/H,0 cleavage reaction. Hence, the following H/D Exchange in D,/H,O Mixture. A 0.8-mL portion of a

study was designed to assess the requirement oflaybind solution made from 0.15 g oflfSMe*][PFs7] in 3 mL of CH.Cl,

in candidates for khse functional models. was put in a medium-pressure NMR tube together wittl 2of
H,0O. The tube was pressurized with 10 bag &d exposed to
Experimental Section sunlight.?H NMR spectra were taken at time intervals to follow

the formation of HOD.

13CO Exchange Experiment in [@-SMe)(u-pdt)(Fe(CO),-
Mes),*][PFe]. A 0.7-mL portion of a solution made from 23
mg of [1-SMe™][PFs"] in 1.6 mL of cP-acetone was transferred
into a medium-pressure NMR tube. The tube was lightly degassed,
filled with 20 psi3CO, and exposed to sunlight. TR& NMR
spectrum after 1 day showed two doublets (208.95 and 208.07 ppm,
Jc—p=19.5 and 14.6 Hz, respectively) in the CO region, indicating
the incorporation of3CO into the complex. The(CO) infrared
spectrum in CHCI, showed a shift of the stretching frequencies to
lower wavenumbers consistent witFCO/2CO exchange in
1-SMe'. Infrared spectrum,»(CO) region: »(CO), 1-SMe"
2038, 2024, 1981(CO), 13 CO-enrichedl-SMe* 2020, 1981, 1947

—1

Materials and Techniques.All manipulations were performed
using standard Schlenk-line and syringe/rubber-septa techniqueﬁD
under N or in an argon atmosphere glovebox. Solvents were of
reagent grade and purified as follows: Dichloromethane was
distilled over BOs under N. Acetonitrile was distilled once from
CaH,, distilled once from EFOs, and freshly distilled from Cad
immediately before use. Diethyl ether was distilled from sodium/
benzophenone under,NThe following materials were of reagent
grade and used as received:3([@D);,, 1,3-propanedithiol, MeSS-
Me, MegOBF, and NH,PF; (Aldrich Chemical Co.); deuterated
solvents and B(Cambridge Isotope Laboratories).

Infrared spectra were recorded on a Mattson 6021 FTIR
spectrometer with DTGS and MCT detectdts, 1°C, and®P NMR
(85% HPO, was used as an external reference) spectra were
recorded on a Unity 300-MHz superconducting NMR instrument
operating at 299.9, 75.43, and 121.43 MHz, respectivelNMR
spectra were recorded on a Unity Inova-400 NMR instrument with
a 5-mm autoswitchable probe operating at 61.35 MHz and on a
VXR-300 NMR instrument operating at 46.05 MHz.

Preparations. The neutral dinuclear iron compounds were
prepared according to literature procedufes.

[Me,SSMe™[BF,7]. Following the published proceduté,a
solution containing 0.74 mL of methyl disulfide (8.06 mmol) in
~7 mL of CH;CN was added dropwise to an equimolar amount of
MesO"BF;~ (1.04 g, 8.06 mmol) dissolved in8 mL of CH,CN
at 0°C. After the mixture had been stirred fer2 h at 0°C, dry
ether was added to precipitate dimethylthiomethylsulfonium fluo-
roborate ((M@SSM€][BF47]) as a white solid that was stored in
the glovebox at-36 °C (1.1 g; yield, 69%).

Synthesis of (z-SMe)(u-pdt)[Fe(CO)(PMe3)]. "} [BF47]. Ared
solution of 0.97 g of g-pdt)[Fe(CO)}(PMe&)], (2 mmol) in ~50
mL of dry CH,Cl, was transferred via cannula into a Schlenk flask
containing 0.41 g (2 mmol) of [M&SM€][BF47]. Following
overnight stirring at 22C, the IR spectrum{CO) region] showed
the presence of a mixture of the neutral precursor and the cationicResults and Discussion

product in the brown solution. After the mixture had been fitered Reaction of (-pdt)[Fe(CO}PMey)],, 1, with the SMe

through Celite under Ar and concentrated in a vacuum, ds® Et nthon. IMeSSMelIBEL 1. in CH.Cl. results in the
was added to precipitate the product and remove the unreactedSy  [Me IIBF], 72

neutral complexl. Crystals suitable for an X-ray crystal structure (18) S&gRT 1000 CCPBruker Analytical X-ray Systems: Madison, WI,

detern:matlon were grown from GBI, solutlc?ns layered with EO (19) SAINT-Plus version 6.02: Bruker: Madison, W, 1999.

at —5 °C. Infrared spectrumy(CO), CHCl,: 2038(m), 2024(s),  (20) Sheldrick, GSHELXS-86: Program for Crystal Structure Solution

1981(s) cm. Because of the difficulty in isolating the product in Institit flir Anorganische Chemie, Univer&it@ottingen: Gottingen,

the solid form as its BF salt, the PEsalt was prepared by ion (21) gﬁzrarlglﬁgi (13988|-|6I'ELXL 97: Program for Crystal Structure Refinement
: N _ , -97:

exchange reaction df(u-SMe){u-pdt)[Fe(COYPMe;)]2"} [BF.] Institit fir Anorganische Chemie, Universit&ottingen: Gottingen,

Germany, 1997.

(17) Smallcombe, S. H.; Caserio, M.JJAm. Chem. Sod971 93, 5826. (22) SHELXTL version 5.1 or later; Bruker: Madison, WI, 1998.

X-ray Structure Determination. A single crystal was mounted
on aglass fiber at 110 K. The X-ray data were collected on a Bruker
Smart 1000 CCD diffractometer and covered a hemisphere of
reciprocal space by a combination of three sets of exposures. The
space group was determined on the basis of systematic absences
and intensity statistics. Crystal data {drSMe"][BF;7]: Ci4Hor
0O4P,S:BF,Fe,, M = 616.01, orthorhombic, space groBmma a
=14.79(3) Ab=12.54(2) Ac = 12.98(2) A,a. = 90°, B = 90",
y =90°, V= 2408(7) B, Z=4,D.=1.699 g cm?3. The structure
was solved by direct methods. Hydrogen atoms were placed at
idealized positions and refined with fixed isotropic displacement
parameters. The pdt bridge was refined with “envelope-flap”
disorder. Anisotropic refinement for all non-hydrogen atoms was
done by a full-matrix least-squares method with-R0.0592 and
wR2=0.0956. Programs used include SMARTor data collection
and cell refinement, SAINTPLUS for data reduction, SHELXS-
86 (Sheldrickj® for structure solution, SHELXL-97 (Sheldrick)
for structure refinement, and SHELXTL-Plus, version 5.1 or later
(Bruker)?? for molecular graphics and preparation of material for
publication.
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flattening of the Fgpdt-S) core without significant change
in the S--S cross-ring distance. The F£3 metallodithio-
cyclohexane rings are maintained in the typical chair/boat
configuration with normal distances. An additional conse-
guence of the four-electron-dongi-SMe™ vs the two-
electron-donoru-H~ bridge is the increased octahedral
character of the FeBCO),PMe; coordination spheres. As
measured by the displacement of the Fe from the (ppt-S
(CO)(P) plane, the value is0.38 A in complex1, which
has the two electrons of the F&e bond in the sixth
coordination position; it decreases to 0.23 AlirH* and
decreases further il-SMe* to 0.15 A.

Activity of 1-SMe™ as an H/D Exchange Catalyst.
Reactivity studies of-SMe" were based on the experimental
protocol used to explore thestdctivation and H/D exchange
capabilities ofl-H™ and analogue¥:'>To establish whether

Figure 3. Thermal ellipsoid representation (30% probability) of the
molecular structure of-SMe*.

Table 1. Selected Metric Data fot, 1-H", and1-SMe" the u-SMe moiety might exchange with Dderived from
1 1-H+ 1-SMet D,, a medium-pressure NMR tube containintr$Me']-
Fe--Fe 2.555(2) 2.5784(8) 3.109 [PRs7]in CH.CI, was pressurized with 10 bar@nd exposed
S-S 3.026 3.064 2.976 to sunlight as described in the Experimental Section. The
E;Z an 127233((3)) 5-727592(34()12) 12727547((141)) 2H NMR monitor found no g-D)Fe,* or MeSD formed (eq
Fe—CO[,Z 12742(10) 11778(4) 12764(10) 1). In the same time period, significant amountg of H/D
Fe—S(pdt-br} 2.254(2) 2.2717(11) 2.324(4) exchange was observed fbiH/D, mixtures!®!® Similarly
Ee_gMISea gg%G(S) ,:5]/:15(4) 2634035‘21; to the experiment witli-H*, H,/D, gaseous mixtures were
e—S— . . . i i i R st
S Fo g 84.34(11) 84.77(4) 79.50(14) introduced into an e}nhydrous GO, sol.utlon of 1-SMe". '
Fe dsp 0.376 0.231 0.153 In the absence of light, as well as with extended periods

aAverage of all equivalent bonds and angleEe dsp= average of photolysis (sunlight for 8 days or more), no HD was

displacement of the Fe atoms out of the best planes defined by the two S’sObse_r\_/ed in théH NMR spectrum (eq 2). Under th_e same
of the pdt bridge, C of basal CO, and P atoms. conditions,1-H" showed extensive scrambling of isotopes

(formation of HD from H and D, as well as formation of
formation of {(u-SMe)u-pdt)[Fe(CO}YPMe3)]>"}[BF4 71, 1-D*).10.15
1-SMe". Crystals of [1-SMe"][BF,~] suitable for X-ray

structure determination were grown in @, solution 1-SMe* + D, —¥— DSMe + 1-D* (1)
layered with EfO at —5 °C. The descriptions of-SMe",
as a stick drawing Figure 2 and a thermal ellipsoid plot in 1-SMe*
Figure 3, display the molecular structure as a bioctahedron, Hy + D2 X— 2HD @
face-bridged by three thiolates. 1-SMe*+

For the neutral precursdrand other £-SRS)[F&CO).L] Dy + H20 HD +HOD 3)

complexes, which are described as edge-bridged bisquare

pyramids, the positions of the L ligands are defined as apical, In contrast, mixtures of Pand HO show substantial H/D
basal, cisoid, and transoid. Although the oxidative addition exchange with boti-SMe™ and1-H™ as catalysts (eq 3).
productsl-H* and1-SMe" are face-bridged bioctahedra, we A sample containind-SMe" and 2uL of H,0 in CHCl,
have retained the designations for the L positions from the was pressurized with 10 barn@nd exposed to sunlight. To
neutral precursor. As defined by crystallography, the repo- follow the formation of HOD,?H NMR spectra were
sitioning of the PMg ligands from the basal/basal transoid recorded after 1, 2, a4 h ofexposure (Figure 4). After 1

conformation inl and1-H**°to basal/basal cisoid it-SMe" h of photolysis, the spectrum showed a resonance at 1.75
minimizes steric interactions of the PMkgands with the ppm corresponding to the dissolved D-enriched water. Its
SMe bridge. The shift in the(CO) IR spectral values &b intensity was 0.75 relative to the natural-abundance deute-
is converted tol-SMet is similar to that forl-H™, i.e., rium in the solvent, CbLCl,, which appears at 5.32 ppm.

approximately+70 cnt® (Figure 2). The change in pattern, Within 4 h of exposure to sunlight, this resonance shifted
i.e., the splitting of the high-frequency band into two, is slightly to 1.80 ppm, and its intensity increased to 8.53 times
evidence of the change in symmetry described above. that of the solvent peak, indicating significant exchange
Key structural metric data fot, 1-H*, and1-SMe* are between D and HO in the presence daf-SMe".
listed in Table 1. The dramatic increase in the--Hee
distance of ca. 0.5 A with the four-electron donor Shes
the bridge has several consequences. The average ofthe Fe The conclusions and mechanistic implications of the above
S—Fe angle increases to 84.0{2n 1-SMe", from the study are summarized as follows. The bioctahedrdFEe
average of 69 in the parentl and 1-H*, resulting in a complex,1-SMet, face-bridged by three thiolateg,-EMe)-

Conclusions
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4.62—| Scheme 1
D;

(a)

5.32‘i
CDHCl, (1:031)
175+
4.60
1 .70—|
b >3 (1:2.83)

SR)Fe'L4 complexes, where the IFe-Fé' distance expands
to ~3.5 Az
For both1-H™ and 1-SMe", an open site is required, as
indicated by the need of photolysis fok Hctivation by the
,iwi AN ,) external base, ¥D. The creation of an open site in these
complexes is consistent with the lability of the CO’s indicated
1.80 by 13CO/CO exchange under photolysis by sunlight for both
1-H* and 1-SMe". A compatible mechanism is presented
(1:853) in Scheme 1, where the open site is depicted trans to the
4.637 u-SMe, in analogy with the open site in thedse binuclear
active site. Formation of theyf-H,)—F€' interaction is well-
precedented, as is the enhanced acidity of the metal-bound

(©)

5.32 H,.16
i Thus, the two binuclear model complexésH™ and
AL A A i) LAt LA LR L) A LA Lt Lt L 1-SMe" mimic the H/D exchange activity of the [Fejake
7 6 5 4 3 2 1 ppm

, _ ) enzyme in that both demonstrate, kbr D,) uptake and
Figure 4. 2H NMR spectra showing the formation of HOD & 1.70—

1.80 ppm) in a CHCI; solution containingl-SMe™ as the PF salt, 10 heter_o_lytlc cleavgge by ) (_Or H20) under phOtOIytIC .
bar Dy, and 2uL of H,0: (a) before exposure to sunlight, (b) affeh of conditions. The singular requirement for these processes is

photolysis, and (c) afte4 h of photolysis. Relative ratio of (natural  an open site on an Feenter. A built-in hydride is not needed
abundance) = 5.32 ppm) CHDC} and HOD in parentheses. for H/D exchange reactivity in BH,0 or in Hy/D, mixtures
(u-pdt), maintains the H/D exchange capability ia/l9,0 in the presence of water; it is needed for anhydrous
mixtures that was detected for the analogous compiek, conditions where the mechanism of &ttivation calls upon
face-bridged by a hydride and two thiolates. However, cooperation between the two metal sites in true binuclearity.
1-SMe" loses the capability for catalysis of H/D exchange e propose that thé-SMe" model localizes reactivity on

in Ho/D, mixtures in anhydrous solution as was demonstrated one Fe center and engages the second iron only for thiolate
for 1-H*.1915Qur mechanistic proposal for the latter called ||gand modification, maintaining the |ow-spin |F,m5 con-
upon an open site created by shift or CO loss, as  figuration conducive toy2-H. binding. Thus, the reactivity
discussed earlier, and deprotonation ##-kl,)-Fe' by the  scenario and structural design that is reasonable for the
internal H™ base. Whether thg?-H and the terminal FeH enzyme active site is an attractive archetype for the mech-
exist on the same Meor on adjacent atoms (binuclear anism for the model complexes.

activation) depends on whether a CO loss event is concomi- Both [Fe]H.ase and [NiFe]khse appear to have been
tant with u-H — t-H conversion. However, such bridge designed, protein engineered, to have an open site on iron
breakage is either excluded or nonproductive in the case ofin their catalytic active sites. Whether both classes of
1-SMe", as conversion ofi-SMe tou-H was not observed  metalloenzymes follow the same mechanism eftigtake
when1-SMe" was pressurized with £ This is consistent  on Fé and cleavage or Hformation and evolution from an
with the fact thap.-SMe™ is a stronger bridging ligand than  (;2-H,)Fe! species is not at all clear. Convincing experiments

u-H™, suggesting that the open site needed ferbiding by Sellmann, Geipel, and Méfldemonstrated the possibility

in 1-SMe" comes from CO loss. Furthermore the elongated of D, activation at a nickel(ll) thiolate under anhydrous
Fe--Fe distance of-3.1 A in 1-SMe" relative to 2.6 Ain  conditions, resulting in /D~ cleavage and formation of

1-H* would prevent involvement of both metals inthe H  Ni—D and nickel-bound RSD in a mononuclear nickel
activation process. The rigidity of the bidentate chelating
propanedithiolate bridge is expected to prohibit further (23) Liaw, W.-F.; Lee, N.-H.; Chen, C.-H.; Lee, C.-M.; Lee, G.-H.; Peng,
elongation of the Fe-Fe distance and flattening of the S-M. J. Am, Chem. S0@000 122 488,

. . (24) Sellmann, D.; Geipel, F.; Moll, MAngew. Chem., Int. EQ00Q 39,
butterfly FeS; core to a diamond shape, as seenjhd! (u- 561.
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complex. Would an adjacent Feenter positioned to trap  diffractometer and crystallographic computing system) and
and hold H in close proximity to Ni-SR enhance this  contributions from the R. A. Welch Foundation. We also
activity? Such a reaction scenario, first expressed by Fon-thank Dr. Joseph Reibenspies for his assistance in the X-ray
tecilla-Camps and co-workefgjs an attractive possibility =~ crystal structure analysis.

in the enzyme active site. Supporting Information Available: Molecular structure and
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