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Abstract:
Flavodiiron nitric oxide reductases (FNORs) equip pathogens with resistance to nitric oxide (NO), 

an important immune defense agent in mammals, allowing these pathogens to proliferate in the 

human body, potentially causing chronic infections. Understanding the mechanism of how FNORs 

mediate the reduction of NO contributes to the greater goal of developing new therapeutic 

approaches against drug-resistant strains. Recent density functional theory calculations suggest 

that a second coordination sphere (SCS) tyrosine residue provides a hydrogen bond that is critical 

for the reduction of NO to N2O at the active site of FNORs [Lu et al., Angew. Chem. Int. Ed. 2019, 

58, 3795–3799]. Specifically, this network stabilizes the hyponitrite intermediate and reduces the 

energetic barrier for the N-N coupling step. At the same time, the role of the FeFe distance and 

its effect on the N-N coupling step has not been fully investigated. In this study, we equipped the 

H[BPMP] (= 2,6-bis[[bis(2-pyridylmethyl)amino]methyl]-4-methylphenol) ligand with SCS 

amide groups and investigated the corresponding diiron complexes with 0 – 2 bridging acetate 

ligands. These amide groups can form hydrogen bonds with the bridging acetate ligand(s) and 

potentially the coordinated NO groups in these model complexes. At the same time, by changing 

the number of bridging acetate ligands, we can systematically vary the FeFe distance. The 

reactivity of these complexes with NO was then investigated, and the formation of stable iron(II)-

NO complexes was observed. Upon one-electron reduction, these NO complexes form Dinitrosyl 

Iron Complexes (DNICs), which were further characterized using IR and EPR spectroscopy. 
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1. Introduction 
Nitric oxide (NO) is an important molecule that plays crucial roles in many aspects of life. Long 

before the discovery of NO’s role in physiology, it was regarded as an environmental pollutant 

due to its highly toxic and corrosive properties. NO is generated from the burning of fossil fuels 

and is one of the main contributors to chemical smog from industrial processes, as it is toxic to 

humans at only 100 ppm. However, our general view of NO took a sharp turn in the 1980s after 

the discovery of its functions in immune defense and signaling in humans. This discovery paved 

the way for the Nobel Prize in Medicine in 1998.1-3 At nanomolar concentrations, NO participates 

in signaling pathways that regulate blood pressure and are involved in nerve signal transduction in 

mammals.4-6 At higher, micromolar concentrations, NO is toxic but as a result can be used by 

mammals for immune defense.7 NO has many important biomedical applications and has 

promising applications in devices that can generate the gas electrochemically, allowing for the 

controlled release of NO in certain parts of the body.8-11  

Pathogenic bacteria such as Escherichia coli, Desulfovibrio gigas, Moorella thermoacetica, 

Trichomonas vaginalis, Klebsiella pneumoniae, Salmonella typhimurium, etc. have evolved to 

express Flavodiiron NO Reductases (FNORs), which can reduce NO to less toxic N2O.12-18 

Consequently, these pathogens can proliferate in the human body, causing chronic infections that 

are difficult to cure.19-23 This highlights the significance of research on FNORs, with the long-term 

goal to develop new therapeutic strategies against drug resistant strains of FNOR-containing 

bacteria.
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Scheme 1. Mechanistic Possibilities for N2O Formation from the [hs-{FeNO}7]2 intermediate 

in FNORs. Reprinted with Permission from ref. 25. Copyright 2021 American Chemical 

Society. 

One important piece that is missing in our understanding of FNORs is a better mechanistic 

picture of how FNORs reduce NO to N2O. FNORs belong to the family of flavodiiron proteins 

(FDPs), which are known for their ability to reduce O2 to water.24,25 FNORs are FDPs that are 

dedicated to NO reduction, but that are otherwise similar to other members of the FDP enzyme 

family.25 The FNOR active site contains a nonheme diiron center, where each iron is coordinated 

by two histidine and one carboxylate (aspartate/glutamate) side chain. The iron centers are also 

bridged by both an aspartate side chain and a hydroxide group.12,25,26 Mechanistic studies by Kurtz 

and coworkers on Thermotoga maritima (Tm) FDP have provided strong evidence that FNORs 

reduce NO following the so-called direct NO reduction mechanism, as shown in Scheme 1, top.27-

29 Here, the diferrous active site of the enzyme binds two equivalents of NO first, generating the 

[hs-{FeNO}7]2 intermediate (using the Enemark-Feltham notation,30 {FeNO}n, where n equals the 

number of Fe(d) and NO(*) electrons – here n = 7; hs = high-spin). Note that for non-heme iron 

centers, the {FeNO}7 adducts are in the hs state (St = 3/2), and are best described as hs-Fe(III)-
3NO type complexes, where the spins of the hs-Fe(III) (S = 5/2) and the 3NO (S = 1) are 

antiferromagnetically coupled.31-33 In the rapid kinetic studies by the Kurtz group, this intermediate 

Page 4 of 35Dalton Transactions



5

is observed right before iron oxidation and N2O release occurs.29 Further evidence for this 

mechanism was provided by the use of deflavinated enzyme. In this case, the diferrous reactive 

state of Tm FDP can still reduce NO to N2O, in support of the direct NO reduction mechanism.28 

At the same time, a number of diferrous dinitrosyl hs-[{FeNO}7]2 model complexes have been 

reported that are stable and do not mediate NO reduction.25,34-37 However, in these cases the 

[FeNO]2 units can be activated by one-electron reduction to the hs-{Fe(NO)}7/hs-{Fe(NO)}8 state, 

followed by fast N2O release, even at -80 oC (the semireduced mechanism in Scheme 1, bottom). 

These observations raise questions regarding the role of the FMN cofactor in FDPs and whether it 

is necessary for NO reduction in FDPs more dedicated to NO reduction than Tm FDP, under 

turnover conditions.25 Another mechanistic possibility is the superreduced pathway in Scheme 1, 

middle, although it has so far only been observed for diiron mononitrosyl complexes.38 Various 

FNOR model complexes have been developed to investigate the different pathways for NO 

reduction, some examples of which are shown in Figure 1, but the mechanism of N2O formation 

by FNORs is still debated due to the numerous contributing factors involved in the process.38-42   

Redox potential is an important factor to enabling direct NO reduction in FNOR model 

complexes. As shown in our previous work, we were able to activate the direct NO reduction 

pathway by tuning the reduction potential of the diiron core in our model complex 

[FeII
2((Py2PhO2)MP)(OPr)2].41 However, the reduction potential of this complex is around 300 

mV more negative compared to FNORs, for example the enzymes from Entamoeba histolytica 

and Escherichia coli.43,44 This is also reflected by the degree of activation of the hs-{FeNO}7 units: 

in model complexes, diiron centers with hs-{FeNO}7 units with N-O stretching frequencies 1700 

cm-1 are required for direct NO reduction to occur, whereas complexes with higher N-O stretching 

frequencies are stable, and need further activation by reduction.45,46 Here, the N-O stretching 

frequency is directly correlated with the amount of -donation from the coordinated 3NO ligand 

to the hs-Fe(III) center, where electron-rich iron centers receive less -donation from the 3NO 

ligand, causing a drop in the N-O stretch, a weaker Fe-NO bond, and increased radical character 

on the 3NO ligand, which, in turn, increases their reactivity towards N-N coupling.25,36

In contrast to the model complexes, the N-O stretching frequency of the hs-[{FeNO}7]2 

intermediate in Tm FNOR was reported to be 1751 cm-1.47 Therefore, we hypothesize that there 

are other key factors at play in FNORs that enable them to mediate direct NO reduction with less 

activated hs-{FeNO}7 units. One hint in this regard comes from recent mutagenesis experiments 
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on Tm FDP and computational (QM/MM) studies on the enzyme mechanism.27,48 Here, it is shown 

that hydrogen bonding residues in the second coordination sphere (SCS), specifically a conserved 

tyrosine residue (Y197 in Tm FDP; see Scheme 2), play a critical role in the N–N bond formation 

reaction that leads to the generation of a hyponitrite intermediate and ultimately N2O release. 

Further mutagenesis experiments on Tm FDP reveal that removal of this SCS hydrogen bond donor 

in the Y197F variant still allows for the formation of the critical hs-[{FeNO}7]2 intermediate, but 

completely shuts down N2O formation.27
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Figure 1. ChemDraw representations of previously reported model complexes (left)38-42 and the 

FNOR active site (right).25

Other factors (see Scheme 2) that could affect the ability of a diiron core to mediate NO 

reduction are geometric considerations, specifically the FeFe distance and relative orientation 

of the [FeNO] units.49 We, therefore, started a comprehensive investigation to interrogate these 

key features that determine the feasibility of the direct NO reduction pathway by diiron centers. In 

this regard, the synthesis, structural characterization, and reactivity of model complexes of FNORs 

with NHC(O)R (amide) type hydrogen bond donors in the SCS are reported here, along with the 

reactivity of these complexes towards NO. For this purpose, we previously reported on a diiron 

complex with the ligand H[BPMP(NHCOtBu)2],50 a derivative of the H[BPMP] scaffold that we 

studied previously,34,40 and that features amide hydrogen bond donors in the SCS (note that this 

ligand was first reported in ref. 51). Using this ligand system, we reported a unique mononitrosyl 

complex, [Fe2(BPMP(NHCOtBu)(NCOtBu))(OAc)(NO)](OTf) (1(NO)), formed through the 

deprotonation of one of the amide groups and subsequent coordination of its oxygen atom to one 
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of the iron centers.50 In this paper, we expand our previous studies on the Fe2(BPMP(NHCOtBu)2) 

platform to further explore the importance of the bridging carboxylate ligands and potential 

hydrogen bonds involving the SCS amide groups for the reaction of our diiron model complexes 

with NO.

FeIII FeIII

N N
O O

O

Y197

H

hs-[{FeNO}7]2

ON-NO Dihedral Angle

Redox Potential

Fe-Fe Distance

Hydrogen Bond

Factors That Can Affect NO Reduction at A Diiron Core

Scheme 2. Factors in FNORs that can affect the ability of the diiron core to mediate NO 

reduction.25

2. Experimental Section
Reactions were generally performed using inert gas (Schlenk) techniques. All solvents were dried 

and freeze pump thawed to remove dioxygen and water. Preparation and handling of air sensitive 

materials was performed under a dinitrogen (N2) atmosphere in an MBraun glovebox, equipped 

with a circulating purifier (O2, H2O <0.1 ppm). Nitric oxide (99.95%) was first passed through an 

Ascarite II column and then a -80 oC cold trap to remove higher nitrogen oxide impurities prior to 

use. 

Infrared spectra of solid samples were obtained using PerkinElmer BX and GX and Bruker 

Alpha-E FTIR spectrometer. The IR spectra of solution samples were obtained in thin-layer 

solution cells equipped with CaF2 windows. Gas IR spectra were obtained using a Pike 
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Technologies short-path HT gas cell with 100 mm path length, equipped with CaF2 windows, on 

the PerkinElmer instruments. 

UV-Vis spectra were obtained using an Analytic Jena Specord S600 UV-Vis spectrometer.
1H-NMR spectra were recorded on a Varian Inova 400 MHz instrument and referenced against 

residual solvent signals. 

Cyclic voltammograms (CVs) were obtained on a CH instruments CHI660C electrochemical 

workstation using a three-component system, consisting of a glassy carbon working electrode, a 

platinum auxiliary electrode, and an Ag wire reference electrode. CVs were recorded in 0.1 M 

tetrabutylammonium triflate ([TBA](OTf)) as the supporting electrolyte in CH2Cl2. Potentials 

were corrected to the Fc+/Fc standard by independently measuring the ferrocenium/ferrocene 

couple under the same conditions (Fc+/Fc = 624 mV vs. SHE).

IR-Spectroelectrochemistry. IR-spectroelectrochemical (SEC-IR) experiments were 

conducted using a LabOmak UF-SEC thin layer cell, with Pt mesh working and counter electrodes, 

and an Ag wire pseudoreference electrode. Data were collected on 10 mM solutions in CH2Cl2 

using 0.1 M  [TBA](OTf) as the supporting electrolyte.

Elemental analysis:  Elemental analyses were conducted by Atlantic Microlabs (Norcross, 

GA).

IR Gas Headspace Analysis for N2O Detection. N2O quantification was carried out by gas 

headspace analysis using infrared spectroscopy. The general protocol for gas headspace analysis 

was performed as previously described.49

Generation of 15NO. 15NO gas was generated according to a previously published procedure, 

using either ferrocene or cobaltocene as the reductant.49

Preparation of Compounds and Characterization. The ligand H[BPMP(NHCOtBu)2] was 

synthesized as reported in previous publications.50,51 1H-NMR (400 MHz, CDCl3): δ 8.47 (ddd, J 

= 4.9, 1.8, 0.9 Hz, 1H), 8.22 (s, 1H), 8.07 (dd, J = 8.3, 0.8 Hz, 1H), 7.66 – 7.51 (m, 2H), 7.47 (dt, 

J = 7.8, 1.2 Hz, 1H), 7.14 – 7.02 (m, 3H), 4.10 (q, J = 7.2 Hz, 3H), 3.85 (s, 2H), 3.77 (d, J = 12.0 

Hz, 4H), 2.25 (s, 2H), 2.03 (s, 5H), 1.30 (m, 18H).

Synthesis of [Fe2(BPMP(NHCOtBu)2)(MeOH)2](OTf)3 (0). In a dinitrogen atmosphere, 

1.1 equivalents of the ligand H[BPMP(NHCOtBu)2] were dissolved in ~3 mL of methanol. One 

equivalent of potassium methoxide (KOMe) was added to deprotonate the ligand, followed by two 

equivalents of iron(II) triflate (Fe(OTf)2·2CH3CN) for metallation (Scheme 3). The resulting 
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mixture was purified by first removing methanol under reduced pressure to yield a crude solid. 

The crude solid was redissolved in CH2Cl2 and filtered to remove salt byproducts. CH2Cl2 was 

then removed under reduced pressure. The solid was dissolved in THF and recrystallized via slow 

diffusion of diethyl ether at -35 ºC twice to yield a greenish-brown powder. Yield. 63%. Elemental 

analysis calculated for C48H59F9Fe2N8O14S3: Expected: C, 42.47; H, 4.40; N, 8.29 Found: C, 42.33; 

H, 4.32; N, 7.90.  UV-Vis: 381 nm, Ɛ = 1922 M-1 cm-1.

The complex [Fe2(BPMP(NHCOtBu)2)(OAc)](OTf)2 (1) was synthesized according to a 

published procedure.50 Elemental analysis calculated for C47H54F6Fe2N8O11S2: Expected: C, 47.17; 

H, 4.55; N, 9.36. Found: C, 47.30; H, 4.82; N, 9.22. UV-Vis: 393 nm, Ɛ = 1435 M-1 cm-1.

Synthesis of [Fe2(BPMP(NHCOtBu)2)(OAc)2](OTf) (2): Complex 2 was synthesized 

according to a modified, published procedure, using OTf as the counterion rather than PF6
.52 In 

a dinitrogen atmosphere, 1.1 equivalents of the ligand H[BPMP(NHCOtBu)2] were dissolved in 

~3 mL of methanol. One equivalent of potassium methoxide (KOMe) was added to deprotonate 

the ligand, followed by the addition of two equivalents of iron(II) triflate (Fe(OTf)2·2CH3CN) for 

metallation. The solution was allowed to stir for ~10 minutes before adding two equivalents of 

sodium acetate (NaOAc). The resulting mixture was purified by first removing methanol under 

reduced pressure to yield a crude solid. The crude solid was redissolved in CH2Cl2 and filtered to 

remove salt byproducts. CH2Cl2 was then removed under reduced pressure. The solid was 

dissolved in THF and recrystallized via slow diffusion of diethyl ether at -35 ºC twice to yield an 

orange-brown powder, as reported in the literature.52 UV-Vis: 384 nm, Ɛ = 1586 M-1 cm-1.

X-ray Crystallography. Yellow needles of 0 were grown by methanol/diethyl ether vapor 

diffusion of the compound at 25 oC. A crystal of dimensions 0.12 x 0.12 x 0.04 mm was mounted 

on a Rigaku AFC10K Saturn 944+ CCD-based X-ray diffractometer equipped with a low 

temperature device and a Micromax-007HF Cu-target micro-focus rotating anode ( = 1.54187 Å) 

operated at 1.2 kW power (40 kV, 30 mA). The X-ray intensities were measured at 85(1) K with 

the detector placed at a distance of 42.00 mm from the crystal. A total of 2028 images were 

collected with an oscillation width of 1.0° in . The exposure times were 1 sec. for the low angle 

images, 8 sec. for high angle. Rigaku d*trek images were exported to CrysAlisPro53 for processing 

and corrected for absorption. The integration of the data yielded a total of 181,810 reflections to a 

maximum 2 value of 139.72° of which 22,253 were independent and 18,485 were greater than 

2(I). The final cell constants (Table S1) were based on the xyz centroids of 40,190 reflections 
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above 10(I).  Analysis of the data showed negligible decay during data collection.  The structure 

was solved and refined with the Bruker SHELXTL (version 2018/3) software package,54 using the 

space group P2/n with Z = 4 for the formula 2(C45H59N8O5Fe2), 6(CF3SO3), 2.5(CH3OH). All non-

hydrogen atoms were refined anisotropically with the hydrogen atoms placed in a combination of 

refined and idealized positions. Two triflate anions and one bound methanol are disordered. Full 

matrix least-squares refinement based on F2 converged at R1 = 0.0859 and wR2 = 0.2388 [based 

on I > 2(I)], R1 = 0.0973 and wR2 = 0.2589 for all data. Additional details are presented in 

Tables S2-S7 and are given as Supporting Information in a CIF file, which was deposited in the 

CCDC (#2084746).

Yellow needles of 1 were grown by layering a dichloromethane/hexane solution of the 

compound at 25 ºC. A crystal of dimensions 0.15 x 0.07 x 0.02 mm was mounted on a Rigaku 

AFC10K Saturn 944+ CCD-based X-ray diffractometer equipped with a low temperature device 

and a Micromax-007HF Cu-target micro-focus rotating anode ( = 1.54187 Å) operated at 1.2 kW 

power (40 kV, 30 mA). The X-ray intensities were measured at 85(1) K with the detector placed 

at a distance of 42.00 mm from the crystal. A total of 2028 images were collected with an 

oscillation width of 1.0° in .  The exposure times were 1 sec. for the low angle images, 8 sec. for 

high angle. Rigaku d*trek images were exported to CrysAlisPro53 for processing and corrected for 

absorption. The integration of the data yielded a total of 44,463 reflections to a maximum 2 value 

of 140.29° of which 10,747 were independent and 9361 were greater than 2(I). The final cell 

constants (Table S8) were based on the xyz centroids of 16,480 reflections above 10(I). Analysis 

of the data showed negligible decay during data collection. The structure was solved and refined 

with the Bruker SHELXTL (version 2018/3) software package,54 using the space group P1bar with 

Z = 2 for the formula C49H58N8O11F6S2Cl4Fe2. All non-hydrogen atoms were refined 

anisotropically with the hydrogen atoms placed in a combination of refined and idealized positions.  

Full matrix least-squares refinement based on F2 converged at R1 = 0.0734 and wR2 = 0.2015 

[based on I > 2(I)], R1 = 0.0808 and wR2 = 0.2131 for all data. Additional details are presented 

in Tables S9-S14 and are given as Supporting Information in a CIF file, which was deposited in 

the CCDC (#2084745).

DFT calculations. Geometry optimizations and frequency calculations were performed with 

Gaussian 0955 and Gaussian 1656 using the BP86 functional.57 All calculations were performed 

with the 6-31G*58-61 and then the TZVP62,63 basis set for geometry optimizations. Structures were 
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organized using three different fragments consisting of (1) the ligand backbone, (2) the first 

{Fe(NO)x}y unit, and (3) the second {Fe(NO)x}y unit. X-ray crystallographic structures were used 

as a starting point for the calculations. The structures of 0(NO)2, 1(NO)2, and 2(NO)2 were first 

fully optimized in the ferromagnetically-coupled state (St = 3) and then the spins were flipped to 

ultimately obtain the optimized structures of the molecules in the antiferromagnetically coupled 

ground state (St = 0).

Scheme 3. Preparation of the diferrous complexes 0, 1, and 2, where the label represents the 

number of bridging acetate ligands. 

3. Results and Analysis 
3.1 Synthesis and spectroscopic characterization of 0, 1, and 2.
The ligand N,N′-(6,6′-((((2-Hydroxy-5-methyl-1,3-phenylene)bis(methylene)bis((pyridin-2-

ylmethyl)azanediyl))bis(methylene))bis(pyridine-6,2-diyl))bis(2,2-dimethylpropanamide) 

(H[BPMP(NHCOtBu)2]) was synthesized using published procedures50,51 and characterized by 1H-

NMR spectroscopy (Scheme S1). The complexes [Fe2(BPMP(NHCOtBu)2)(OAc)x](OTf)3-x (0 – 

2, with x = 0 – 2 indicating the presence of 0, 1 or 2 acetate bridges) were obtained by metalation 

of the ligand H[BPMP(NHCOtBu)2] with iron(II) triflate in the presence of the respective 

equivalents of sodium acetate (NaOAc). Complexes 0, 1, and 2 were dissolved in minimal 
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tetrahydrofuran (THF) and recrystallized from diethyl ether at -35 ºC under air-free conditions to 

yield brown-orange crystalline solids. These precursor complexes were further characterized using 

UV-Vis and IR spectroscopy, and X-ray crystallography. In particular, IR spectroscopy provides 

information about the status of the amide groups in the second coordination sphere (SCS), and 

whether they are coordinated to the iron centers via their carbonyl O atoms as previously 

observed.50,64 As shown in Figure 2, the peak at 1700 cm-1 for complex 2 is not present in the IR 

data of 0 and 1. We assign this peak to the C=O stretch of the free amide groups, as further 

supported by the crystal structure of this compound that was previously reported (see Figure 3, 

right).52 The crystal structure of 2 shows that the amide groups are not coordinated to the iron 

centers, which is facilitated by the two acetate bridges occupying the open coordination sites of 2. 

This value of the C=O stretch can be compared to the free ligand, where the amide C=O stretch is 

observed at 1687 cm-1 by IR spectroscopy.50

In contrast, for 0 and 1 coordination sites remain open to which the amide C=O moieties can 

coordinate, which decreases the C=O double bond character and shifts the corresponding 

stretching vibrations to distinctively lower energy. Attempts to identify the amide C=O stretching 

vibrations in 0 and 1 using 13C-labelled sodium acetate (CH3
13COONa) did not reveal new features, 

as the amide C=O stretches likely shift into the intense ligand bands in the lower energy region 

(Figure S3). Nevertheless, the identification of the free amide C=O moieties by IR spectroscopy 

provides a great handle to understand how amide coordination in the different model complexes 

changes under various conditions, including upon exposure to NO gas.
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Figure 2. IR (KBr) spectra of the solid precursor complexes 0, 1 and 2.

3.4463.800

0 (3.800(3) Å) 1(3.646(2) Å) 2(3.446(3) Å)

3.646

3.4463.446

0 (3.800(3) Å) 1 (3.646(2) Å) 2 (3.446(3) Å)

Figure 3. Crystal structures of 0 (CCDC #2084746), 1 (CCDC #2084745), and 2 (CCDC 

#1054874) with ellipsoids drawn at 50% probability. The OTf – counter anions for 0 and 1 and the 

PF6
 counter anion for 2, solvent molecules, and hydrogen atoms (except for amide hydrogens in 

2) are omitted for clarity. The crystal structures show that hydrogen bonds are formed between the 
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bridging acetate ligands and the protons of the amide functional groups. The Fe-Fe distances in 

the different complexes are listed. The crystal structure of 2 was reported by Bernhardt et al.52

The complex [Fe2(BPMP(NHCOtBu)2)(OAc)2](PF6) (2-PF6; the analog of 2 with a PF6
 

counter ion) was previously reported and structurally characterized by X-ray crystallography 

(Figure 3, right).52 The crystal structure for 2-PF6 shows that the FeFe distance is 3.45 Å. 

Importantly, the complex features N-H---O hydrogen bonds between the two outer-sphere amides 

and O atoms of the bridging acetate ligands as indicated in Figure 3. The hydrogen bond distances 

are about 2.2 Å, which corresponds to strong H-bonding interactions. In the case of the complex 

prepared with one equivalent of acetate, 1, our crystallographic results indeed confirm a dimeric 

complex with a single bridging acetate ligand (Figure 3, middle). Interestingly, the pseudo-

octahedral geometry of the iron centers is completed with the coordination of the O atoms of the 

amide groups. The FeFe distance is 3.65 Å, which is elongated compared to complex 2-PF6 

(3.45 Å). The Fe-O(Ac) bond lengths are 2.10 and 2.09 Å, respectively (Table 1). The bridging 

acetate ligand is twisted to accommodate the coordination of the amides. The Fe-O(amide) bond 

lengths are 2.15 and 2.09 Å, respectively, showing that they are strongly coordinated to the iron 

centers. This result shows that there is no open coordination site for NO ligation in complex 1. 

This is a problem that could lead to destabilization of the [hs-{FeNO}7]2 adduct. Further 

characterization of complex 1 with UV-vis spectroscopy shows a broad band at 393 nm (Figure 

S14). To complete the series, we decided to also include the complex without bridging acetate 

ligands, to evaluate how this affects the FeFe distance and ultimately, the reactivity of the 

complexes with NO gas. Crystals of complex 0 were grown by slow diffusion of diethyl ether into 

a saturated solution of 0 in methanol. The crystal structure of 0 reveals again a dimeric structure 

with an FeFe distance of 3.80 Å (Figure 3, left). The amide O atoms are again coordinated to 

the iron centers, with Fe-O(amide) bond lengths of 2.07 and 2.09 Å. The remaining, open 

coordination sites of the diiron core are occupied by MeOH solvent molecules, which complete 

the pseudo-octahedral geometry of the iron centers. Since solvent molecules like MeOH often bind 

weakly to transition metals, we believed that this complex could be fully nitrosylated when reacted 

with NO gas. Complex 0 shows a band at 381 nm in the UV-Vis spectrum (Figure S13).

In summary, when comparing the crystal structures of complexes 0 – 2, a pattern emerges 

where the number of acetates bridges correlates with the FeFe distances. Here, an increase in 
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the number of acetate bridges causes a distinct decrease in the FeFe distance, as shown in Figure 

3. These distances are slightly longer than the reported FeFe distances in FNORs, which are 

observed between 3.2 and 3.4 Å for Tm FDP, for example.16 A shorter FeFe distance in the 

corresponding diiron dinitrosyl complexes would be expected to promote faster N–N coupling 

with a lower activation barrier, as the NO molecules are closer together.65 At the same time, the 

acetate bridges and amide carbonyls occupy coordination sites in 1 and 2, potentially preventing 

NO from binding to the complexes in the first place. In addition, amide coordination to the iron 

centers would prevent formation of the desired N-H---ON hydrogen bonds (compare to Scheme 

2). The reactions of complexes 0 – 2 with NO were therefore investigated in detail, to obtain insight 

into the factors affecting NO binding and activation.

Table 1. Comparison of structural parameters of the diferrous precursor complexes 0 – 2. 

Diferrous precursor bond distances (Å)

Bonds
0 1 252 

FeFe 3.80(3) 3.64(2) 3.45(3)

Fe-O (bridging)* 2.08(3) 2.06(3) 2.06(1)

Fe-OAc* N/A 2.09(3), 2.10(3) 2.10(1)

Fe-O (amide) 2.07(3), 2.09(3) 2.09(3), 2.15(3) N/A

Fe-N (tertiary)* 2.22(4) 2.24(3) 2.23(2)

Fe-N (Pyr)* 2.20(4) 2.18(4) 2.25(2)

OH (H-bond) N/A N/A 2.21(3)

   * = average value

3.2 Characterization of NO complexes 0(NO)2, 1(NO)2, and 2(NO)2

The nitrosylated complexes [Fe2(BPMP(NHCOtBu)2)(NO)2](OTf)3 (0(NO)2), 

[Fe2(BPMP(NHCOtBu)2)(OAc)(NO)2](OTf)2 (1(NO)2), and [Fe2(BPMP(NHCOtBu)2)(-OAc) 

(NO)2](OTf)2 (2(NO)2) were synthesized by reacting a solution of the corresponding diferrous 

precursor complex in CH2Cl2 with NO gas on the Schlenk line at 25 ºC. The products were allowed 
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to stir for 1 hour before precipitation with hexanes overnight at -35 ºC. The resulting solids were 

collected over a frit using gravity filtration. 0(NO)2 was collected as a dark green solid. 1(NO)2 

and 2(NO)2 were collected as dark brown-orange solids. The complexes were characterized using 

KBr IR (Figure 4), solution IR (Figure 5), and UV-vis spectroscopy (Figure S17).  

Figure 4. IR (KBr) spectra of the diferrous precursors 0, 1, and 2 and of the nitrosylated complexes 

0(NO)2, 1(NO)2, and 2(NO)2.

As shown in Figure 4, the KBr IR spectra allow us to evaluate the coordination environments 

of the complexes in the solid state. For each of the NO complexes, a band is observed in the 1730-

1760 cm-1 region, which corresponds to the N-O stretch in a hs-{FeNO}7 complex.25 Complex 

0(NO)2 shows the most intense N-O stretching band at 1759 cm-1, indicating strong NO binding, 

by displacement of the MeOH solvents from the iron centers (this complex does not contain any 

bridging acetate ligands). In addition, the IR spectrum shows no signal in the 1700 cm-1 region, 

indicating that the SCS amide O atoms are both coordinated to the iron centers, as shown in Figure 

6. In comparison, the N-O stretch of 2(NO)2, observed at 1736 cm-1, is merely a broad shoulder, 

indicating that the diferrous precursor 2 only has a weak affinity for NO. This is because the two 

iron centers in 2 are coordinatively saturated, in the presence of the two acetate bridges bound to 

the iron centers. In the NO adduct 2(NO)2, both SCS amide O atoms remain free (not coordinated 

to the iron centers), as indicated by the intense band at 1700 cm-1, which is of equal intensity as 
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the same band in the precursor 2 (see Figures 2 and 4). Hence, upon NO binding, one of the 

bridging acetate ligands is replaced by NO in 2(NO)2, whereas the other acetate remains in a 

bridging coordination mode (denoted as -OAc). Complex 1(NO)2 shows the N-O stretch at 1747 

cm-1 with intermittent intensity. In the N-O complex, a band at 1700 cm-1 is further observed to 

rise upon NO coordination compared to 1, with about half of the intensity as the corresponding 

signals in 2 and 2(NO)2. We take this as evidence that in 1(NO)2, one SCS amide O atom is no 

longer coordinated, whereas the other group remains bound, causing the two iron centers to have 

different primary coordination environments. This further implies that the acetate ligand switches 

to monodentate coordination upon NO binding to 1. Based on this information, we propose the 

structures for the complexes 0(NO)2, 1(NO)2, and 2(NO)2 shown in Figure 6.

Figure 5. Solution IR spectra of the diferrous precursors 0, 1, and 2 and of the nitrosylated 

complexes 0(NO)2, 1(NO)2, and 2(NO)2, at a concentration of 10 mM in CH2Cl2.
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Figure 6. Proposed structures of 0(NO)2, 1(NO)2, and 2(NO)2.

Similar effects can be observed in the solution IR spectra of the same complexes (Figure 5), 

which provides further insight into the solution state of the compounds. The N-O stretches of 

0(NO)2, 1(NO)2, and 2(NO)2 show slight shifts compared to the solid state, and are observed at 

1763, 1744 and 1738 cm-1, respectively, with the last complex also showing a second N-O 

stretching band at 1789 cm-1 of unknown origin. The trends in SCS amide O atom coordination 

are the same as observed in the solid state. Due to the presence of multiple NO complexes in 

solutions of 2(NO)2, we focused our reactivity studies on 0(NO)2 and 1(NO)2, as described in 

Section 3.5.

3.3 Geometric structures of the NO complexes

Figure 7. DFT-optimized structures of 0(NO)2 (left), 1(NO)2 (middle), and 2(NO)2 (right) with 

hydrogen atoms (except for amide N-H groups) omitted for clarity. Hydrogen bonds are shown 

with dashed lines.
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DFT-optimized molecular structures and frequencies were calculated for 0(NO)2, 1(NO)2, and 

2(NO)2 as shown in Figure 7. The aim of this work was to supplement the crystallographic data 

of the precursor complexes by providing more detailed information on the structures of the 

nitrosylated complexes. The optimized structure of 0(NO)2 was found to closely match the 

structural features of both the precursor complex 0 and the mononitrosyl complex 1(NO), reported 

in Table 2. The Fe-Fe distance in the optimized structure of 0(NO)2 is 3.87 Å, which is similar to 

the value obtained for the crystal structure of the precursor complex 0 (3.80 Å) and longer than 

that reported for the mononitrosyl complex, 1(NO) (3.59 Å), due to the lack of a bridging acetate 

group.50 The N-O distance in the optimized structure of 0(NO)2 is 1.17 Å, which is similar to the 

value reported for the mononitrosyl complex (1.16 Å).50 Importantly, the (O)N-Fe-Fe-N(O) 

dihedral angle is predicted to be 63.4° in the optimized structure of 0(NO)2, which is similar to 

that in Fe2(BPMP) complexes without a bridging acetate/propionate ligand: for example, in 

[Fe2(BPMP)(OTf)2(NO)2](OTf), the (O)N-Fe-Fe-N(O) dihedral angle is 52.9o, obtained by X-ray 

crystallography.49

The optimized structure of 1(NO)2 shows significant structural distortion compared to the 

experimental structures of 1, 1(NO),50 and the DFT-optimized structure of 0(NO)2. This structural 

distortion is most prominent in the calculated Fe-O(bridging) distances of 2.10 Å and 2.36 Å 

(Table 2). Additionally, the structure has an elongated Fe-Fe distance of 3.90 Å. This Fe-Fe 

distance is similar to 0(NO)2 but significantly elongated compared to 1 and 1(NO)50 (Table 2). 

The structural distortion of 1(NO)2 is caused by the asymmetry introduced by the acetate unit 

binding in a monodentate fashion to one of the Fe centers and the carbonyl oxygen of the respective 

amide group binding to the other Fe center (determined by IR spectroscopy; see above). 

Interestingly, a strong hydrogen bonding interaction is observed by DFT between the coordinated 

oxygen of the acetate and the N-H group of the adjacent amide group, with a distance of 1.83 Å. 

This strong hydrogen bond likely stabilizes the monodentate binding mode of the acetate to one of 

the Fe centers. The N-O bond distances in 1(NO)2 are 1.17 and 1.18 Å, which matches well with 

those of the other nitrosyl complexes (Table 2). Significantly, the monodentate acetate sits 

between the two Fe-NO units causing a substantial (O)N-Fe-Fe-N(O) dihedral angle core 

distortion of 101.9°. We have previously shown that a small (O)N-Fe-Fe-N(O) dihedral angle is 

required for facile N-N coupling and N2O formation in diiron complexes.49 The major dihedral 
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distortion likely results in the lack of observable N2O formation upon the addition of a chemical 

reductant to 1(NO)2 (see below).

Unlike 1(NO)2, the optimized structure of 2(NO)2 is similar to the experimental structures of 

complexes 0 and 1(NO) (Table 2). The Fe-Fe distance in the optimized structure of 2(NO)2 is 3.71 

Å, which closely matches that of 1 and which is longer than that in the reported structure of 

1(NO).50 The N-O bond distances in 2(NO)2 are 1.17 and 1.18 Å, which match well with those of 

0(NO)2 (1.17 Å) and 1(NO) (1.16 Å). In contrast to the large (O)N-Fe-Fe-N(O) dihedral angles of 

0(NO)2 and 1(NO)2, 2(NO)2 has a much smaller dihedral angle of 12.8°, which compares well 

with the (O)N-Fe-Fe-O(amide) dihedral angle of 1(NO) (13.7°)50 and that of the previously 

reported complex [Fe2(BPMP)(OPr)(NO)2](BPh4)2 (5.9°).40

The N-O stretching frequencies were also calculated for 0(NO)2, 1(NO)2, and 2(NO)2. The 

calculated N-O frequencies for 0(NO)2 are 1775 and 1749 cm-1, with the 1775 cm-1 mode being 

the main feature in the IR spectrum, which is in very good agreement with the experimental value 

of 1763 cm-1 for 0(NO)2, shown in Figure 5. The calculated N-O vibrational frequencies for 

1(NO)2 are 1705 cm-1 and 1756 cm-1 with both modes having similar predicted intensities in the 

IR spectrum. This is in relatively good agreement with the experimental data with the broad IR 

feature at 1744 cm-1 for 1(NO)2 (Figure 5), likely accounting for the superposition of the two N-

O vibrational stretching bands.  Finally, the calculated N-O vibrational frequencies for 2(NO)2 are 

1743 cm-1 and 1690 cm-1, with the 1743 cm-1 mode being the major contributing feature in the IR 

spectrum. This is in very good agreement with the experimental value of 1738 cm-1 for 2(NO)2, 

shown in Figure 5.

Table 2. Comparison of structural parameters of the complexes 0, 1, 1(NO), and the DFT-

optimized NO complexes.

Bonds 0 1 1(NO)50 0(NO)2 
DFT

1(NO)2 
DFT

2(NO)2 
DFT

FeFe (Å) 3.80(3) 3.65(2) 3.59(1) 3.87 3.90 3.71

Fe-O (Bridging) 
(Å)

2.08(3)* 2.06(3)* 2.06(3)* 2.16* 2.10, 2.36 2.13*

Fe-OAc (Å) N/A 2.10(3)* 2.07(3)* N/A 1.95 2.08*
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Fe-O (Amide) (Å) 2.07(3), 

2.09(3)

2.09(3), 

2.15(3)

2.06(3) 2.10, 

2.10

2.14 N/A

Fe-N (tertiary)* (Å) 2.22(4) 2.24(3) 2.20(4) 2.24 2.23 2.22

Fe-N (Pyr)* (Å) 2.20(4) 2.18(4) 2.19(4) 2.19 2.22 2.23

Fe-NO (Å) N/A N/A 1.82(4) 1.76 1.75, 1.74 1.76, 1.75

N-O (Å) N/A N/A 1.16(6) 1.17 1.17, 1.18 1.17, 1.18

AcOHN (Å) (H-
bond)

N/A N/A 2.10 N/A 1.83 2.16

ONHN (Å) (H-
bond)

N/A N/A N/A N/A N/A 2.24

Fe-N-O angle (º) N/A N/A N/A 145.92* 149.40, 

148.44

146.41, 

144.81

(ON)-Fe-Fe-(NO) 
dihedral angle (º)

N/A N/A N/A 61.57 101.91 12.79

   * = average value

3.4 Reactivity of NO complexes 0(NO)2 and 1(NO)2
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Figure 8. IR-spectroelectrochemical data of 0(NO)2 with the potential held at -1.4 V vs. Ag wire. 
Conditions were 10 mM in CH2Cl2 with 0.1 M [TBA](OTf) as the supporting electrolyte.

Figure 9. IR-spectroelectrochemical data of 1(NO)2 with the potential held at -1.4 V vs. Ag wire. 
Conditions were 10 mM in CH2Cl2 with 0.1 M [TBA](OTf) as the supporting electrolyte.
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Since the NO complexes 0(NO)2 and 1(NO)2 are stable in solution and do not mediate N-N 

coupling and N2O formation, we further investigated whether N2O formation could be enabled by 

one-electron reduction of the complexes, following the semireduced mechanism.34,35,37 These 

investigations were conducted using IR-spectroelectrochemistry (SEC-IR). Here, IR spectra are 

recorded in a thin layer solution cell under an applied, constant potential. For the 0(NO)2 complex, 

applying a potential of -1.4 V vs. Ag wire led to the disappearance of the N-O stretch at 1763 cm-1 

and the appearance of two peaks at 1740 and 1689 cm-1, as shown in Figure 8. Similar reactivity 

was observed for the complex 1(NO)2, shown in Figure 9, where, upon reduction, the N-O 

stretching band at 1743 cm-1 disappeared. After 210 seconds, two new peaks were observed at 

1740 and 1695 cm-1, similar to the product resulting from reduction of 0(NO)2. This intense two-

peak pattern observed in the SEC-IR spectra of both 0(NO)2 and 1(NO)2 is characteristic for the 

formation of dinitrosyl iron complexes (DNICs) in solution as the main reaction products.25,49,66-68 

To better understand the identity of the peaks, 0 was reacted with 15NO to generate 0(15NO)2. The 

resulting complex was investigated using SEC-IR under the same conditions (Figure S11). A shift 

in the N-O stretch was observed, from 1763 cm-1 to 1732 cm-1, in the dinitrosyl complex, but due 

to the rather low degree of nitrosylation of this complex, the shifted DNIC peaks are difficult to 

identify, as they overlap with other intense IR signals. However, from the data it is clear that the 

DNIC signals at 1740 and 1689 cm-1 are 15NO-isotope sensitive, which further confirms our 

assignments. 
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Figure 10. EPR spectrum and fit for the DNIC resulting from the reduction of 0(NO)2 with 1 

equivalent of CoCp2 in dichloromethane. Sample concentration was 3 mM. The S = 1/2 data were 

simulated with gx = gy = 2.008, gz = 2.000 and sgx = sgy
 = sgz = 0.01. The program SpinCount by 

Prof. M. P. Hendrich (Carnegie Mellon University) was used for the simulation.

The observed vibrational energies for the DNICs at about 1740 and 1690 cm-1 are in between 

those reported previously for the {Fe(NO)2}9 and {Fe(NO)2}10 complexes obtained for the related 

Fe2(BPMP) platform by White and Lengel et al.49 We therefore conducted EPR measurements to 

determine the nature of the DNIC product formed in the reduction of 0(NO)2. These results, shown 

in Figure 10, identify the product as an St = 1/2 {Fe(NO)2}9 complex. A simulation of these data 

further confirms this assignment. 

Quantitative N2O yield experiments were performed to determine if any N2O is formed upon 

reduction of 0(NO)2 and 1(NO)2. For this purpose, the NO complexes were reduced with 1 

equivalent of cobaltocene (CoCp2) in sealed flasks, and then the gas headspace of the flasks was 

0(NO)2 + 1 eq CoCp2

Simulation
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analyzed by IR spectroscopy. No N2O was detected after both 5 minutes and 2 hours in these 

experiments, indicating that DNICs are the sole products of the one-electron reduction of 0(NO)2 

and 1(NO)2. To further interrogate the nature of the reaction products, we attempted to precipitate 

and isolate the DNIC resulting from the 5-minute reduction of 0(NO)2 with CoCp2. The KBr IR 

spectrum of the resulting solid is shown in Figure S4, but no signals corresponding to new 

products could be observed in these experiments.

4. Discussion 
In this work, a H[BPMP] ligand derivative with amide groups in the second coordination sphere 

(SCS) has been prepared to explore the effects of hydrogen-bonding on the electronic structure 

and reactivity of diiron dinitrosyl complexes that model Flavodiiron NO Reductases (FNORs). 

Three related compounds with 0 - 2 acetate bridges have been prepared and fully characterized. 

The crystal structures of these precursor complexes show an interesting relation between the 

FeFe distance and the number of bridging acetates; here, the FeFe distance decreases when 

the number of bridging acetates increases. The corresponding diiron dinitrosyl complexes were 

then prepared for all three compounds and fully characterized. Unfortunately, in the given ligand 

scaffold, the O atoms of the amide groups compete with NO for binding to the iron centers. It was 

further found that the N-H groups of the SCS amide groups do not hydrogen bond to the 

coordinated NO ligands. Instead, the C=O groups of the amides rotate and coordinate to the iron 

centers. Computational studies using DFT support this result, as observed in the fully optimized 

structures of 0(NO)2 and 1(NO)2. Additionally, complex 2 has a very low affinity for NO, 

preventing full formation of a diiron dinitrosyl species. The N-O stretching frequencies of these 

complexes were found to be >1700 cm-1, indicating that the complexes are unable to perform direct 

NO reduction.25,45 However, we were still interested in understanding how the structures of these 

complexes, due to the SCS interactions, affect their ability to mediate NO reduction via the 

semireduced pathway (see Scheme 1). Upon one-electron reduction, complexes 0(NO)2 and 

1(NO)2 do not generate any N2O, but instead, show formation of Dinitrosyl Iron Complexes 

(DNICs). Further experimental results, including solution IR and EPR data, support the formation 

of DNICs from complexes 0(NO)2 and 1(NO)2 upon reduction.
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Based on our EPR data, the DNICs observed in our reactivity studies are of {Fe(NO)2}9 type 

and show an St = 1/2 ground state. Reducing both 0(NO)2 and 1(NO)2 led to the formation of 

similar DNICs, as evident from their very similar vibrational properties, with N-O stretching 

frequencies of about 1740 and 1690 cm-1. The splitting between the two N-O stretching bands, 

Δν(N−O), in the {Fe(NO)2}9 DNICs is about 50 cm-1. Based on literature comparisons, this is also 

in agreement with the formation of {Fe(NO)2}9 DNICs.49,69-71 Here, four-coordinate (4C) DNICs 

are reported to have Δν(N−O) values between 45 and 70 cm-1, indicating that the DNICs formed 

from 0(NO)2 and 1(NO)2 have 4C structures as well.49 Based on this information, we propose the 

structures shown in Scheme 4 for the observed {Fe(NO)2}9/hs-FeII DNIC and putative 

{Fe(NO)2}10/hs-FeII DNIC resulting from reduction of 0(NO)2. The DNIC product could 

potentially be stabilized by hydrogen bonding between an NO molecule and the SCS amide groups. 

Additionally, the lower energy N-O stretch of the DNIC around 1690 cm-1 may overlap with the 

C=O stretch of the free amide SCS groups at about 1700 cm-1. Further work is necessary to 

differentiate these two features. 

These observations agree with experimental data from previous work from our group. White 

and Lengel et al. previously identified that the (O)N-Fe-Fe-N(O) dihedral angle in 

[Fe2(BPMP)(X)(n)(NO)2]3+/2+/+ type complexes plays a crucial role in determining the reactivity of 

the complexes upon one-electron reduction (semireduction).49 In the presence of a bridging 

acetate/propionate (= X, n = 1), the two [FeNO] units are coplanar, with an (O)N-Fe-Fe-N(O) 

dihedral angle of only 5.9o, leading to quantitative N2O formation and no DNICs are observed. 

However, when monodentate ligands are used for X (n = 2), for example triflate (X = OTf), the 

(O)N-Fe-Fe-N(O) dihedral angle for the corresponding complex is 52.9o, leading to retarded N2O 

yields below 10% and DNICs are formed as the major products. Detailed investigations have 

further shown that the DNICs are bimolecular, with the DNIC tethered to a non-heme iron center 

as indicated in Scheme 4. The results reported in this paper parallel those studies: our DFT-

optimized structure for 0(NO)2 shows a very similar dihedral (O)N-Fe-Fe-N(O) angle of 63.4°, 

likely due to distortion from the amide C=O groups coordinated to the iron centers, and 

accordingly, complexes 0(NO)2 and 1(NO)2 do not show N2O formation upon reduction. 

Interestingly, the calculated structure of 1(NO)2 reveals a dihedral angle of 101.9° due to the 

formation of a monodentate (instead of bridging) acetate ligand, which further distorts the core 
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and inhibits the N-N coupling pathway. This reveals the importance of the acetate group and the 

requirement for the bidentate binding mode to facilitate N-N coupling and N2O formation.

Scheme 4. Formation of a {Fe(NO)2}9 DNIC complex from 0(NO)2. 

There are also some key differences between the DNICs formed here and those observed in 

the [Fe2(BPMP)(X)(n)(NO)2]3+/+ system. The {Fe(NO)2}9/hs-FeII DNICs obtained from the 

[Fe2(BPMP)(X)(n)(NO)2]3+/+ type complexes with monodentate ligands X show N-O stretching 

frequencies of 1788 and 1715 cm-1, which is significantly different from those observed here, at 

about 1740 and 1690 cm-1. In addition, whereas the DNICs from the Fe2(BPMP) ligand platform 

are able to form N2O over the course of 2 hours (depending on the conditions), the DNICs obtained 

here with the Fe2(BPMP(NHCOtBu)2) platform are stable, and unable to generate N2O over time. 

We attribute these key differences to the presence of hydrogen bonds between the NO ligands of 

the DNIC and the SCS amide groups in the Fe2(BPMP(NHCOtBu)2) case, which stabilize the 

DNICs and cause a change in the electronic structure, responsible for the shift in the N-O stretching 

frequencies. This is further supported by a recent report by Layfield and coworkers: here, it was 

observed that upon binding of a strong Lewis acid to the NO ligands in a DNIC, a large shift of 

the N-O stretching frequencies to lower wavenumbers was observed.72 These results demonstrate 

again how hydrogen-bonding, as a key SCS interaction in proteins, is able to alter the reactivity of 

transition-metal complexes.

The amide-appended ligands were initially designed to promote hydrogen-bonding between 

the coordinated NO molecules and the amide N-H groups in the [hs-{FeNO}7]2 intermediates, but 

this was not actually observed here, due to the ability of the O atoms of the amide groups to 

coordinate to the iron centers, instead of forming such hydrogen bonds. This suggests that the 

amide groups may not be positioned optimally for hydrogen-bonding with the NO ligands. Further 
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work is necessary to explore alternative ligand designs for stabilizing a Fe-NO structure with 

strong hydrogen bonds.

5. Conclusion
In this work, we present a study on the role of second coordination sphere (SCS) groups on the 

reduction of nitric oxide (NO) to N2O by diiron FNOR model complexes. We chose an amide-

appended ligand scaffold to investigate its ability to hydrogen bond to the Fe-NO groups. We also 

varied the number of acetate bridges between the iron centers to probe how this affects the Fe–Fe 

distance of the complexes, finding that increasing the number of bridges decreases the distance 

between the iron centers. This feature could influence the kinetics of N–N bond formation to 

produce N2O. Upon one-electron reduction, these complexes were found to produce Dinitrosyl 

Iron Complexes (DNICs), instead of producing N2O. These results provide new insights into the 

general reactivity of non-heme diiron complexes with NO, and how NO activation is influenced 

by the SCS. Future work in this area includes the application of different hydrogen bond donors in 

the H[BPMP] ligand backbone, to allow for H-bond formation without affecting the coordination 

environment of the iron centers.
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