- Unleashing a Pendant Base by Reduction-Induced Hemilability in MN,S,*Fe(NO), Complexes
Pokhraj Ghosh, Rachel B. Chupik, Shengda Ding, Chung -H. Hsieh, Marcetta Y. Darensbou rg*
Texas A&M University
i L H 0 I O I O - -
Introduction I ¢ N s " Synthesis of [NlFe_] and [NiFe(CO)]° Neutral Complexes I Electrochemical Studies
» The plethora of bimetallic active sites | ~ I and [2NI2F€]2+ Complex as BF, Salt. _ _ - o
in biology has motivated the search for ZEN P . Cyclic Voltammograms of [2Ni2Fe]“* and [2NiFe]* .., In Presence of HBF,.Et,0
heterobimetallic  small molecule ‘ Cys " 55 nﬂﬂﬂ
. . . » . , o 374 " I ~— - N s o + o
models as found in the active sites of || &FC \  [FeFe]-H,ase “off [NiFe]_I‘ilzase I Q y F?‘-‘ [2Ni2Fe]?* in CH,CL, H [2NiFe]*y,c, in CH;CN
[NiFe]-, [FeFe]-hydrogenases, CO- rFN-add, ... M, =—= 20 426 - N C 2 % )
dehydrogenases and acetyl CcoA 0 @G O 5, j\j c —~—/7 >
synthase. 1 D A o o Y [NiFe(CO)I° Equiv. of HB,
N A N o I i @ 1734 (m), 1690 (s), \/ 0 (Fe(NO) 10 Y,
* Metallodithiolates (MN,S,) as redox- | = §=¢ S:---;Nié‘s\”"'sip\sf\ - iron unt Redox active 0 20Re ) - D s Equiv. of HBF,
active bridging ligands, have been S o ) "*éo Cys AN dinitrosyl g /\ " Fp=-0.73V 4 e~ * —0
i . ; . Cys iron unit Jsh; {Fe(NO),}o/10 B S—
developed in heterobimetallics that | e 45 ¢ ¢ o < AN Fﬁ I s :
show electronic cooperativity between |/ j’ph AT ORI | -y e I V- V—HJ 200 v
two metal centers.® | &I e, v co v uscon——— Hscor oW . NiFe]® - - - . . . .
B Ni(bme-daco) [NiFe] -200 -700 -1200 -1700 -2200 0.25 -0.25 -0.75 -1.25 -1.75
» Recent studies of [MN,S,*Fe(CO)(n®-C:H:)]*, (M = Ni2*, Fe(NO)?*), showed hemilability of the bridging cis- 1681 (m), 1630 (3) Vs, FefFe Vs, FefFe
dithiolates upon sequential reductions and protonations, allowing H, production under electrochemical conditions.l 0 o _‘2+ ;:Pm f e 2 mm 3 e 2 mmm § s 2 mmm 3 s 2 e 3 e 8
Computation-assisted structure-function analysis delineated a reductive (u-S)Fe(CO)(;>-CcH:) bond cleavage that oy ﬁ) N C K .
. : ' : L DO - o m ] «© _ o
creates a site for proton uptake at iron (becoming a hydride) and at S (remaining a proton) yielding an acid-base pair. & Computatlonal Mechanistic Study
» Earlier studies using redox-active, (N,S,)Fe(NO), bound to non-innocent iron dinitrosyl unit, isolated in two redoxl “N\ | | | |
states, {Fe(NO),}*19, illustrated modest electrocatalysis for proton reduction. Electrochemical studies showed two S5 :"P w0 e ) ® ®
single-electron reduction events assigned to {Fe(NO),}%10 and {Fe(NO)}"8 couples. The {Fe(NO),}1° couple was * J V/ SFN'LM—Q 4”/\3 e 4(: NI S//, o TH Q(N/hs#
: : : . . ? - > N S, o
the catalytically active center for electrochemical proton reduction in the presence of strong acid HBF,.Et,0O.’ I . . | . '\( [ONi2Fe]2* I < \/ \Te o | < \| ApKa = 13.9 < R/ \;Fe /N
BN E EEEESE § S § S O e I EEEESS @ IEEaaSS @ SSaaaSs § e | e Wavenumber (em!) 1605 (s), 1794 (m), N N N H
I . 1?4% (s), 1732 (m) . © ° ©
N,S, Ligands with Thiolates * MN.,S, Metalloligands at Work: : : INi-Fel” Ni-Fe INi-FeH]"
2 i . o 5 =2 J 5I SyntheS|s of [2NIF€]+ Complex as BF4' Salt Ni'l-{Fe(NO),}’ Ni'l-{Fe(NO),} "’ Ni'l-{Fe(NO),}*
Tamed” by Metals IBldentate Bridging to Single Metals + - .
2 \ T BF, +¢ E=-1.28 ‘
\
VIGBES ° )}M I ¢
Cud
RAWHIH 2|Gs;oo _# ;.;i ? I S H". QN/\S QN%S# QN“/N\,\\
N . =, (I 1 ] Nisas - ‘Ni) : a/ \© NS5 NS
« N , ) AW J [Fe(COKMNON___ o S8 n )i R gTo33 Fe—NO  GTS=32 < i
) . ) | V‘” 2 [NOJBF, S / I A % HO‘ 4
wmof* W(CO), \\.\0\1 f (I THF, overnight /N:is-FE o
—» ‘/’ 220 (bmeach) ‘} ! '-'-;\N g Ni-FeH (G = 0) Ni-Fe*H (G = 1.8) Ni-H-Fe*' (G =-2.5)
LW CN/—';'\S FeNOLF™ % =1 (bme-daco) V—NJ N O L Nil'5-{Fe(NO),}** Ni'l-{Fe(NO),}’ Ni'll-{Fe(NO),} "
Fe(NO)* ¢ N N vy (7 _ J I + _
/ 2 }‘ ) Mo?* U k?;k I ) [ENIFEP 13I5-:| 1}'I5-:| 15I5-:| ¢ +H ApKa - 15.4 ‘
s / N‘ Q/O n=1: 1789 (m), 1736 (s) Wavenumber (cm)
2+ Ph,PAu* [ ] #
ABIJEB Fe/ PbZ\ . QN//,/:\\\ \H @ QNJ\S# @ QN, \S# @
<F 9 I I S I S B S & S B S O s [ ] I (/N%S GTS=7.4 (/N;Ni;s//////”z NO GTS=-15.3 (/N%S//%’ NO
\ . A o@’ | <Q VK — g
\ y ' /—f‘ o “Fe | |
- . . Molecular Structures with Redox Non-Innocent g |t N N
= s % {Fe(NO),}*'1° Acceptor 0 °
KINRUU ACAVIK 2R A I _ [Ni-H-Fe*'-S*H]|" (G = 0) [Ni-Fe'|* (G = -22.0) [Ni-Fe]" (G = -25.8)
Ni'l-{Fe(NO),} " Ni'l-{Fe(NO),}’ Ni'l-{Fe(NO),}’
] [ | ] | ] [ | ] | ] [ | | ] [ | ] | [ |

" Conclusions

. I 1) Redox innocent Ni(N,S,), instead of (NO)Fe(N,S,), yields [Ni"(N,S,)sFe(NO),]%* complexes that
] [NiFe]° [2Ni2Fe]?* elucidates or clarifies the dinitrosyl unit as catalytically active center for proton reduction.

NieeeFe /A 3.001 (2) 3.680 (2),, = 2) Libraries of receivers and donors provide a rich field for catalyst development.

Preliminary DFT computations suggest that sulfur — iron bond cleavage provides the needed pendant
base effect for proton uptake.
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