Early transition metals

Molybdenum is the only element of the second transition period
(4d) that has a biological function. It is bioavailable in the form of
molybdate MnO,>-
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Nitrogenase

N2 + 10H* + 8e- + 16|\/|gATP RN 2NH4+ + H2 + 16I\/IgADP + 16PO43'
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First structural models from EXAFS First crystal structure (2.7A) Discovery of interstitial atom Interstitial atom identified as carbon
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Presumed electron transfer pathway between
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Structure of the FeFe cofactor

Q176 Fe8 takes the place
occupied by Mo or V
in the other isoforms
of the enzyme

Homocitrate

Nature Catalysis, 2023



Possible coordination modes of N2 to FeMoco

H :'
S—-—Fe——N-—-Fe / Fc\l
\ 7\ o o
-Fe — Fe——'S"*Fe -—-—MO—O profelr_z Iﬁ' /S
e \e Fe
S"_ FC\S/FC Hls \/S\/I
| B”‘
C) F
)
1<l
Gl end-on
Y/ ..... N\S
i1
\ N (RSFe;Ss'Y’ ]Mo—g) 228 o [RSFesSy'Y’ ]Mo..@
Fe' /F& His
g/ SI \ls —0—0-[RSFe;SsY ]Mo;ﬁls e [RSFe;S,"Y' Mo ﬂ

> .
e . s

side-on on Mo

FeMoco binds N, only after having been reduced by 4 electrons
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Distal and Alternating hypotetical catalytic cycles
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Scheme of the N, to NH; "catalytic" reduction on Mo
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Catalytic cycle proposed by Schrock
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Nishibayashi complexes (2011 e 2015)
26 catalytic cycles, reductant CoCp*,

cat.
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Catalytic cycle proposed by Peters
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Et,0, -78 °C, 40 min

N, + HBArf, + KCg ~ 7.3 +0.5 equiv. NH3, 45 = 3%
48 equiv. 58 equiv. @ AAH¢=156 kcal mol-
(Pr),e—Fe—R(Pr),
B
N, + [PhoNH,]JOTf + Cp*,Co - 12.8 = 0.5 equiv. NH3, 72 + 3%

108 equiv. 54 equiv. ELO, <1876 Oh AAH¢= 77 kcal mol™’



electronic and spin structure of FeMoco

Resting state: S = 3/2

1) [MoFe,S,C]*-  6Fe(Il)1Fe(lll)Mo(IV)
2) [MoFe.S,C]*-  4Fe(I)3Fe(lllMo(lV)  Mo(IV), d2 S =0
3) [MoFe,S,C]**  2Fe(l)5Fe(lll)Mo(IV)

2014: Mo(lIl), d3 low spin (11])? (violation of Hund’s rule)
6Fe(IN1Felll)Mo(lV) — SFe(I)2Fe(lIMo(lll)
4Fe(IN3Fe(lIDMo(IV) — 3Fe(Ih)4Fe(lIMo(lll)
2Fe(IN5Fe(ll)Mo(IV) — 1Fe(IheFe(lIHMo(lll)



Currently most accepted electronic and spin structure of FeMoco
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Intermediate in the FeV cofactor catalytic cycle
with (presumably) a protonated NH Iin the active
sSite brldglng Fe2 and Fe6

Science, 2018



«Old» model for E, based on spectroscopic
evidence

The first 4 electrons accumulate on
hydrides and not on iron atoms



More recent model for E, based on spectroscopic
evidence considering the SH displacement
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Most recent hypothesis on catalytic cycle
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Other molybdenum enzymes

They catalyze the oxidation or reduction of small molecules

nitrogen fixation through
N,-binding organisms denitrification
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molybdenum cofactor X-O3P
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Site of sulfite-oxidase

dihydro-pterin



Catalytic cycle of sulfite-oxidase
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Mo has three stable oxidation states, Mo(IV), Mo(V) and Mo(VI)



Detall in the oxygen transfer mechanism
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Structura of the sulfite-oxidase

Haem domain (cytochrome)



Enthalpy scale for oxygen atom transfer reactions

Reaction enthalpy, A H °/tkJ mol™")
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