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Abstract

Manganese hydroxido (Mn—OH) complexes supported by a tripodal NV,N’ N~
[nitrilotris(ethane-2,1-diyl)]tris(2P-diphenylphosphinic amido) ([poat]®-) ligand have been
synthesized and characterized by spectroscopic techniques including UV-vis and electron
paramagnetic resonance (EPR) spectroscopies. X-ray diffraction (XRD) methods were used to
confirm the solid-state molecular structures of {Nay[Mn'!poat(OH)]}, and {Na[Mn'!'poat(OH)]}»
as clusters that are linked by the electrostatic interactions between the sodium counterions and the
oxygen atom of the ligated hydroxido unit and the phosphinic (P=0) amide groups of [poat]3~.
Both clusters feature two independent monoanionic fragments in which each contains a trigonal
bipyramidal Mn center that is comprised of three equatorial deprotonated amide nitrogen atoms,
an apical tertiary amine, and an axial hydroxido ligand. XRD analyses of {Na[Mn!!'poat(OH)]}»
also showed an intramolecular hydrogen bonding interaction between the Mn!'"-OH unit and P=0
group of [poat]3~. Crystalline {Na[Mn'"'poat(OH)]}, remains as clusters with Na*---O interactions
in solution and is unreactive towards external substrates. However, conductivity studies indicated
that [Mn!!'poat(OH)]~ generated /n situ is monomeric and reactivity studies found that it is capable
of cleaving C—H bonds, illustrating the importance of solution-phase speciation and its direct
effect on chemical reactivity.
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Synopsis:
Manganese—hydroxide complexes were synthesized to study the influence of H-bonds in the

secondary coordination sphere and their effects on the oxidative cleavage of substrates containing
C-H bonds.

Keywords

Mn-hydroxide; C—H bond cleavage; H-bonds; bioinspired coordination complexes; lipoxygenase;
spectroscopy

1. Introduction

Manganese-dependent enzymes catalyze oxidative reactions critical for life and human
health-related processes [1-3]. For instance, manganese superoxide dismutase functions as a
vital antioxidant enzyme, protecting cellular organisms from oxidative stress by converting
harmful superoxide radicals into O, and hydrogen peroxide [4]. In addition, manganese
oxygenases utilize O, to facilitate enzymatic reactions by incorporating one or two oxygen
atoms into external substrates. One example is lipoxygenase enzyme that catalyzes the
hydroperoxidation of polyunsaturated fatty acids, a crucial step in the biosynthesis of plant
signaling molecules [5-7]. One type of lipoxygenase contains a monomeric Mn center in
which a terminal Mn'"'-OH species is invoked as the kinetically competent intermediate in
activating C-H bonds [7,8]. Studies on Mn lipoxygenases and related synthetic complexes
have been aimed at determining the structure-function relationships that lead to efficient
C-H bond functionalization. One outcome of these investigations is the prominent role of
the secondary coordination sphere whereby non-covalent interactions, such as hydrogen
bonds (H-bonds), assist in regulating reactivity [6,9,10]. Efforts to incorporate these features
into synthetic Mn—OH complexes containing a terminal hydroxido ligand have proven

to be challenging because H-bonds are relatively weak interactions, and thus difficult to
install in a predictable and intramolecular manner. Moreover, there is a limited number

of examples of structurally characterized Mn!''-OH complexes that show reactivity toward
substrates with O-H bonds [11-15], with only [Mn""'{(OH)(PY5)]2* (PY5 = 2,6-bis(bis(2-
pyridyl)methoxymethane)pyridine) reported by Stack showing reactivity toward external
substrates containing C—H bonds similar to those found for Mn lipoxygenase [16]. However,
this complex does not have the ability to regulate the secondary coordination sphere; and
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thus, the roles of secondary coordination sphere effects were not explored. Recent work
from Jackson highlighted the importance of intramolecular H-bond within Mn!!'-OH species
in which the placement of a H-bond acceptor proximal to the hydroxide ligand substantially
improved its reactivity toward substrates containing O—-H bonds [17].

Our group has been developing tripodal ligands that promote intramolecular H-bond
networks around metal centers. We have previously shown that the symmetrical urea-
containing ligand [Hsbuea]®~ (Fig. 1A) can stabilize a Mn'"'—-OH complex with two
intramolecular H-bonds formed between the urea NH groups (H-bond donors) and the
O-atom of the hydroxide ligand (H-bond acceptor) [18,19]. We have also found that

ligands containing phosphinic amido groups can serve as H-bond acceptors to Mn—OH
groups and be used in the design of the hybrid tripodal ligand [H,pout]3~ [20]. Notice

that the Mn'""—-OH complex ([Mn'""H,pout(OH)]™, Fig. 1B) now has three intramolecular
H-bonds involving the hydroxido ligand, which provided additional stability to the complex.
Recently, we introduced the symmetrical phosphinic amido tripod, [poat]3-, and found that
it can be used to form a variety of mono- and dinuclear high valent Fe and Mn complexes
[21-25]. In this report, we detail the preparation and characterization of mononuclear Mn—
OH complexes and describe our continued efforts to understand the influence of secondary
coordination spheres on the properties and reactivity of metal complexes. Our results
demonstrate that [poat]3~ can indeed stabilize Mn-OH complexes, and the intramolecular
H-bond interaction between one P=0 group of [poat]®~ and the terminal Mn!!'-OH unit (Fig.
1C) may play arole in its ability to cleave C—H bonds.

Experimental

General Procedures.

All experiments were carried out at room temperature unless otherwise noted. Syntheses of
the metal complexes were carried out under an N, atmosphere in a Vacuum Atmospheres
Co. dry box. Solvents were sparged with argon and purified using a JC Meyer Co. solvent
purification system with columns containing Q-5 and molecular sieves. Dimethylformamide
(DMF, Sigma-Aldrich) and dimethyl sulfoxide (DMSO, Honeywell Burdick & Jackson)
were purchased and used without further purification. Sodium hydride (NaH) was purchased
from Sigma-Aldrich as a 57-63% suspension in mineral oil and was washed on a 15-mL
fine porosity glass frit with pentane (5 x 15 mL) and diethyl ether (Et,0) (5 x 15 mL),

dried under vacuum, and stored under an N, atmosphere. 9,10-dihydroanthracene (DHA)
was purchased from Sigma-Aldrich, crystallized from ethanol, washed with pentane, and
dried under vacuum. All other reagents were purchased from commercial suppliers and used
as received. Hapoat was prepared according to a previously published procedure [21].

Physical Methods.

Electronic absorption spectra were collected in a 1 cm quartz cuvette and were performed
on an Agilent Technologies Cary 60 Scan UV-vis spectrometer or an 8453 Agilent
UV-vis spectrometer equipped with an Unisoku Unispeks cryostat. Solid-state Fourier
transform infrared (FTIR) spectra were collected on a Thermo Scientific Nicolet iS5
spectrophotometer with an iD5 ATR attachment. Elemental analyses were performed on

J Inorg Biochem. Author manuscript; available in PMC 2024 October 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Phu et al.

Page 4

a ThermoFisher FlashSmart CHNS/O Elemental Analyzer. X-band (microwave frequencies
9.28, 9.43, and 9.62 GHz) EPR spectra were collected on a Bruker EMX spectrometer
equipped with an ER041XG microwave bridge, an Oxford Instrument liquid He 249
quartz cryostat, and a dual-mode (ER4116DM) or perpendicular-mode (ER4119HS-W1)
cavity. Conductivity measurements were performed using Pt glass low-conductivity probe
(Sper Scientific Direct). Organic products were detected by gas chromatography mass
spectrometry (GC-MS) in the Mass Spectrometry Facility at the University of California,
Irvine. Cyclic voltammetry experiments were conducted using a CHI600C electrochemical
analyzer with 0.1 M tetrabutylammonium hexafluorophosphate ([BusN]PFg) as the
supporting electrolyte. A 2.0 mm glassy carbon electrode and a platinum wire were used
as the working and counter electrodes, respectively. A ferrocenium/ferrocene ([FeCp,]*/0)
standard was used as an internal reference to monitor the reference (Ag*0) electrode.

Reactivity Studies:

In a glovebox under a N, atmosphere, 100 UL of a 20 mM DMSO solution of
[Mn!'poat(OH)]%~ was added to 1.9 mL of DMSO in a 1.0 cm pathlength quartz cuvette.
The cuvette was sealed with a rubber septum, removed from the glovebox, and placed in an
Agilent spectrometer equipped with a thermostat cell holder where it was equilibrated at 20
°C for 5 min. This solution was treated with 50 pL of a 40 mM solution of [Fe!!'Cp,]BF, via
a gas-tight syringe. A kinetic experiment was initiated by injecting between 50 pL to 150 pL
of a 470 mM solution of a substrate into the cuvette, also via a gas-tight syringe. The initial
concentration of Nay[Mn!!poat(OH)] was set at 1.0 mM for all samples. The formation of
the initial [Mn'"'poat(OH)]~ species in solution was monitored by following the increase in
the absorption band at Anax = 710 nm. The progress of the reaction with substrates was
monitored by following the decrease in the absorbance at Ay = 710 nm.

GC-MS Experiments for Organic Products:

Under a N, atmosphere, stirred solutions of Nao[Mn!'poat(OH)] were initially treated with
1 equivalent (equiv) of oxidant for 1 minute and 0.5 equiv of DHA was then added to

the mixture. Within 5 minutes, the solutions changed from green to orange, after which

the organic compounds were isolated by extraction with pentane (4 x 5 mL) for the DHA
reaction and Et,O (4 x 5 mL) for the xanthene reaction. The pentane or Et,0O layers were
combined and passed through a short silica gel column, and the solvent was removed under
reduced pressure to afford a white solid. The products were analyzed as dichloromethane
(CH,ClI,) solution by GC-MS measurements in which hexamethylbenzene was used as the
internal standard.

Synthesis of Na[Mn'poat(OH)].

A solution of Hzpoat (415 mg, 0.555 mmol) in 6 mL of tetrahydrofuran (THF) was treated
with NaH (39.9 mg, 1.66 mmol) and the cloudy white solution was stirred for 1 hour. To the
reaction mixture, Mn''(OAc), (96.5 mg, 0.558 mmol) was added slowly. The mixture was
stirred for 2 hours and was filtered through a fine-porosity glass-fritted funnel to afford a
yellow filtrate and white solid on the glass frit (NaOAc, 91.1 mg, 1.11 mmol). H,O (10 pL,
0.56 mmol) was added to the filtrate and the solution was stirred for 10 min. The reaction
mixture was filtered through a fine porosity glass-fritted funnel, followed by the addition of
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NaH (13.6 mg, 0.567 mmol) to yield a clear yellow solution after gas evolution ceased. THF
was removed under vacuum to give a yellow oil, which was triturated with pentane to yield
a white solid. The white solid was isolated by decanting the excess solvent and dried under
vacuum (431 mg, 0.500 mmol, 90.4% yield). Light yellow crystals suitable for XRD study
were obtained from a concentrated THF solution layered with pentane.

Elemental analysis for Nay[Mn!'poat(OH)], C4,H43MnN4Na,O4P3, calculated: C, 58.54:; H,
5.03; N 6.50%, found: C, 58.87; H, 5.24; N, 6.21%. EPR (X-band L-mode, DMF:THF, 77
K): g =5.7, 3.9, 2.0. FTIR (solid-state, cm1): 3625, 3442, 3253, 3166, 3110, 3033, 2446,
2166, 2100, 2020, 1975, 1871, 1786, 1681, 1634, 1432, 1362, 1311, 1222, 1160, 991, 950,
916, 891, 836.

Eyj2 (DMSO): i) 100 mV s71: =1.07 V (ipalipc = 1.13, AE = 135 mV) versus [Fe'"!'Cp,]*/0
(ipalipc = 1.01, AE = 95 mV); ii) at 50 mV sl-1.07V (ipafipc = 1.06, AE = 105 mV) versus
[Fe!""Cp,]*70 (ipalipe = 0.97, AE = 85 mV).

Synthesis of Na[Mn'"poat(OH)].

Route 1: Nay[Mn'poat(OH)] (75.1 mg, 0.0872 mmol) was dissolved in ~4 mL of CH,Cl,
and treated with solid [FeCp2]BF4 (27.0 mg, 0.099 mmol). The reaction immediately turned
dark green and was stirred for 10 minutes. The reaction was filtered through a pad of celite
to remove a white solid byproduct and volatiles were removed under reduced pressure. The
resultant dark green solid was rinsed with pentane 3-5 times to remove Fe!!Cp, and dried
under vacuo. The resulting solid was redissolved in acetonitrile (CH3CN), filtered, dried,
and triturated with Et,0 to yield a green solid (66.2 mg, 0.0805 mmol, 89.5% yield).

Route 2: Hapoat (200. mg, 0.268 mmol) was dissolved in 3 mL of THF, and solid NaH
(19.6 mg, 0.817 mmol) was added in one portion. The mixture was stirred for 1 hour and
was treated with Mn''(OAc), (46.6 mg, 0.269 mmol). The solution was stirred for 2 hours
to produce a yellow mixture which was filtered to remove white solid (NaOAc, 47.5 mg,
0.579 mmol) through a fine porosity glass-fritted funnel. The yellow filtrate was transferred
to a Schlenk flask and sealed with a rubber septum. The mixture was treated with dry O,
(3.2 mL, 0.133 mmol) via a gas-tight syringe to immediately produce a dark green solution
and the solvent was removed under reduced pressure after 1 hour of stirring. The flask was
returned to the glovebox where the solid was redissolved in minimal CH3CN and stored at
-35 °C to obtain green crystals suitable for XRD (21.6 mg, 0.0258 mmol, 10.0% yield).
Elemental analysis for Na[Mn'!'poat(OH)], C42H43MnN4NaO4P3, calculated: C, 60.15; H,
5.17; N 6.68%, found: C, 59.82; H, 5.25; N, 6.50%. EPR (X-band ||-mode, DMF:THF, 17
K): g = 8.0, A; = 264 MHz. FTIR (solid-state, cm~1): 3310, 3050, 2960, 2853, 2360, 2330,
1957, 1891, 1815, 1587, 1436, 1183, 1112, 958, 783, 745, 716, 700. UV-vis (DMSO, A max
nm, (en) = 444 (294), 710 (880).

3. Results and Discussion

3.1.

Preparation and properties of Nay[Mn''poat(OH)].

The Nay[Mn!!poat(OH)] salt was synthesized according to a method we reported previously
(Scheme 1) [23]. The salt was prepared by treating an anhydrous THF solution of Hzpoat
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with three equiv of NaH for 30-45 min before the addition of 1 equiv of Mn!(OAc),.

After the removal of the NaOAc byproduct via filtration, the yellow filtrate was treated

with 1 equiv of degassed H,O, followed by the addition of 1 equiv of NaH to generate
Nay[Mn!'poat(OH)]. The volatiles were removed under reduced pressure and the resultant
mixture was triturated with pentane to afford Na,[Mn!!poat(OH)] as a yellow solid in 90%
yield. A THF solution of this salt was layered under pentane to afford single crystals suitable
for XRD methods.

The perpendicular-mode EPR spectrum of [Mn!!poat(OH)]?~ displayed a signal consistent
with the assignment of a high-spin (S=5/2) Mn center (Fig. 2A) [20,26,27]. The
complex did not exhibit any transitions in the UV-visible region, supporting a d°
ground-state electronic configuration of Mn!!. The solid-state vibrational properties of the
[Mn!'poat(OH)]%~ complex were studied using FTIR spectroscopy. The complex showed
a v(O-H) vibration at 3625 cm™! (Fig. S1), which is comparable to that of Mn!'-OH
complexes in related systems [20].

Preparation and properties of Na[Mn!"poat(OH)].

The preparative route of Na[Mn'!'poat(OH)] was also crafted from a previous synthesis
that utilized chemical oxidants such as I, and [FeCp,]* (Scheme 1) [20]. Green crystals of
this salt were obtained from a concentrated CH3CN solution of the compound at —35 °C.
The parallel-mode EPR spectrum of Na[Mn'!!poat(OH)] displayed a feature centered at g
= 8.0 with a six-line pattern (°®Mn hyperfine constant (Ais,) = 264 MHz) (Fig. 2B) that

is characteristic of a mononuclear Mn!!"' complex with an S= 2 spin ground state [20,26].
The UV-vis spectrum of Na[Mn'"'poat(OH)] showed two peaks at Amax (enm) = 444 (294)
and 710 (880) nm (Fig. 2C) and are comparable to optical properties of other Mn!!'-OH
complexes in trigonal bipyramidal (tbp) geometry [18-20,28]. The FTIR spectrum of this
complex revealed a peak at 3442 cm™1 that is attributed to the O—H vibration (Fig. S1).

3.3. Solid-state molecular structures of {Nay[Mn''poat(OH)]}, and {Na[Mn'"poat(OH)]}».

The molecular structures of both salts were determined by XRD methods. In the crystalline
phase, the anionic fragments of the Mn—OH species are part of clusters with that are
formulated as {Nay[Mn!'poat(OH)]}, and {Na[Mn!"'poat(OH)]}» (Fig. 3A and C; and
Tables 1 and S1). The Mn centers in both clusters are coordinated by the [poat]®- ligand

in a tetradentate fashion with three deprotonated phosphinic amido N-atoms (N2, N3, N4)
and an apical N-atom (N1). A truncated view of Nay[Mn!'poat(OH)] (Fig. 3B) shows that
the remaining coordination site on the Mn center is occupied by a hydroxido ligand to
render a Mn!'-OH anion with a nearly ideal tbp geometry, as gauged by a trigonal structural
parameter (zs) value of 1.008 (where 5= 1 for tbp and 0 for square pyramidal geometry).
The Mn1-01 and Mn1-N1 distances of 2.091(1) and 2.453(2) A are comparable to those
reported for similar Mn!'—OH complexes [18,20,29]; for instance, Mn1-01 and Mn1-N1
distances of 2.051(1) and 2.315(1) A were found in [Mn!'Hopout(OH)]%~ (Table S2) [20].
The molecular structure of {Na[Mn!'poat(OH)]}» (Fig. 3A) also revealed electrostatic
interactions between the Na* ions and the O atoms of [poat]3~ and hydroxido ligand that
appears to promote aggregation. This type of interaction is similar to what we observed

in the molecular structures of the corresponding Fe!!, Fel!l, and Fe!''-OH complexes of
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[poat]®~ that also crystallized as aggregates [22,23], emphasizing the ability of the P=0 unit
within a phosphinic amido group to bind metal ions. The molecular structure further showed
that Na*---O=P interactions appeared to prevent the formation of intramolecular H-bonds
between the [poat]®- ligand and the Mn''—OH unit.

The {Na[Mn'"'poat(OH)]} cluster also contains two monoanionic fragments that are
linked through two Na* ions coordinated to the O atoms of the hydroxido and

P=0 units of the [Mn'/'poat(OH)]~ complexes (Fig. 3C and D; and Table S1).

Similar to {Na[Mn''poat(OH)]},, each monoanionic fragment in {Na[Mn!'poat(OH)]}»
contains a Mn center with tbp coordination geometry with a z5value of 0.915.

The Mn1-01 bond distance of 1.829(2) A is comparable to those found in other

Mn'!"'-OH complexes[14,16,18,20,30] and is significantly shorter than that found in
{Nay[Mn''poat(OH)]} (Tables 1 and S2), in agreement with a change in the oxidation state.
Moreover, the Mn1-N1 and Mn1-Ngq bond distances in the Mn'"'-OH complex also exhibit
the expected contraction compared to those in the Mn!'-OH analog (Table 1). Furthermore,
the distance between the O1 and O2 of the P=0 in [poat]3- is 2.803(3) A, placing them
within the range of a H-bond.

3.4. Redox properties and preliminary reactivity studies of Mn''-OH complex with C-H

bonds.

The redox properties of the Mn!'-OH complex were investigated by cyclic voltammetry

in DMSO solution containing [BusN]PFg as the electrolyte. The cyclic voltammogram of
[Mn!'poat(OH)]%~ (Fig. 4A) showed a reversible one-electron event at an £/ = -1.07 V
versus [FeCp,]*/0 that is assigned to the Mn!!"!'_OH redox couple. As discussed above,
Mn!!'-OH species are known to perform allylic C-H bond oxidation in lipoxygenase [6,7].
Therefore, we sought to test the activity of [Mn!!'poat(OH)]~ towards organic substrates
containing weak C-H bonds such as DHA (C-H bond dissociation energy (BDE) = 78

kcal mol~1 and pK; = 30). Treating a solution of [Mn!!'poat(OH)]~ (prepared by treating
[Mn!'poat(OH)]%~ with [Fe!''Cp,]* in DMSO) resulted in rapid decay of its characteristic
band at Ayax = 710 nm concomitantly with the new growth of new absorption peaks at
Amax = 343, 360, and 380 nm that indicated formation of anthracene (Fig. 4B). Analysis

of the reaction mixture by GC-MS found anthracene (70% conversion) as the only product
(Fig. S2A). Under the same experimental conditions, [Mn'!'poat(OH)]~ was found to oxidize
xanthene (C—-H BDE = 75 kcal mol~1 and pK; = 30) to generate 9,9’-bixanthene (86%
conversion, Fig. S2B). However, treatment of [Mn!!poat(OH)]~ with fluorene (BDE = 80
kcal mol~1 and pKj = 23) did not lead to C—H bond cleavage; rather, deprotonation of
fluorene was observed as determined by the appearance of optical features at Apmax =

454, 485, and 520 nm that are consistent with the formation of the fluorene anion (Fig.

S3). On the other hand, no reactivity was observed when DMSO solutions of re-dissolved
{Na[Mn!""poat(OH)]}, crystals were treated with DHA, even in the presence of 15-crown-5
or 2,2,2-cryptand. It is possible that using crystalline samples would produce solutions of
intact {Na[Mn'"poat(OH)]}, clusters that could be inactive toward cleaving C—H bonds
from external substrates. To evaluate this premise, we used conductivity studies to probe the
speciation of crystalline and /n situ generated Mn!"'—-OH complex in solution and analyzed
our data using the Onsager relationship (see Sl and eqs S1-S2) [31]. The persistence

J Inorg Biochem. Author manuscript; available in PMC 2024 October 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Phu et al.

Page 8

of the {Na[Mn'"'poat(OH)]}, cluster in solutions of redissolved crystals is supported by
conductivity data that is nearly constant as a function of increasing concentration (Fig.
S4 and Table S3), a behavior that is consistent with known non-electrolyte. In contrast,
an increase in conductivity was observed for the solution in which the [Mn''poat(OH)]~
complex was generated /n s/tu, and an Onsager plot produced a line with a slope similar
to that of a related 1:1 electrolyte (Fig. S5 and Table S4), suggesting the presence of a
monomeric anion in solution (that is, a discrete [Mn!!'poat(OH)]~ species).

Cleavage of C-H bonds by synthetic Mn!!"-OH models is rare, with only one example

of a [Mn!''(PY5)(OH)]%* complex reported by Stack capable of oxidizing DHA [16]. The
[Mn!poat(OH)]~ complex in this study represents a biomimetic model of lipoxygenase that
is not only capable of C—H bond oxidation, but also incorporates intramolecular H-bonding
interactions that have shown to be important for enzymatic functions. The presence of H-
bond acceptors in the secondary coordination sphere of [Mn!!'poat(OH)]~ may be important
for its reactivity when compared to a tbp Mn'"'-OH complex, [Mn!""Hzbuea(OH)]~, that
contains three H-bond donors in the secondary coordination sphere and is inactive toward
DHA [19]. In contrast, the mononuclear Mn!!'-oxo complex supported by the same scaffold,
[Mn'""H3buea(0)]?~ [19,32,33], can perform C—H bond oxidation of the same substrate. The
difference in reactivity between [Mn'""Hsbuea(OH)]~ and [Mn'!'poat(OH)]~ may also be a
function of the differing basicity of the Mn!"'-OH units, which is known to be influenced

by the intramolecular H-bonding network [17,27,34-36]. Therefore, exploration of the
mechanistic pathway in hydrocarbon oxidation and understanding the role of H-bonding

in [Mn'"'poat(OH)] reactivity is necessary.

4. Conclusions

We have described the synthesis and characterization of Na,[Mn!'poat(OH)] and
Na[Mn'"'poat(OH)] complexes containing terminal Mn-OH units. The electrostatic
interactions of the Na* counterion with the oxygen atom of the Mn-hydroxido unit and the
P=0 groups promoted the formation of {Na[Mn!'poat(OH)]}, and {Na[Mn'"'poat(OH)]}»
aggregates in the solid state. The [poat]3- ligand supported the formation of high-

spin Mn species, as determined by EPR spectroscopy. Reactivity studies showed that
[Mn!'poat(OH)]~, generated /n situ from the oxidation of [Mn!'poat(OH)]%", can cleave
C-H bonds in DHA and xanthene; however, when the complex was part of a cluster, no
reactivity was observed.

[Mn!poat(OH)]~ represents a biomimetic model of Mn lipoxygenase that is not only
capable of cleaving C—H bonds but also incorporates H-bonds to the Mn—OH unit that

are reminiscent of non-covalent interactions found within the active sites of metalloproteins.
Our findings offer insights into the structural factors of H-bonds that possibly help regulate
function. In particular, the presence of H-bond acceptors within the secondary coordination
sphere may assist in promoting the cleavage of C—H bonds. We have previously shown

that [Mn'!"Hsbuea(OH)]~ does not react with external substrates containing C—H bonds: in
this complex, the hydroxido ligand serves as a H-bond acceptor for the urea NH groups,
which appears to provide sufficient stabilization to cause the complex to be inactive. For
[Mn'"'poat(OH)]-, the hydroxido ligand is the H-bond donor to the [poat]3~ ligand which
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would alter its properties, such as making the Mn—OH unit more basic. We have already
demonstrated the importance of the basicity of Mn—-O and Mn—-OH complexes in cleaving
C-H bonds and point to our studies on the Mn!!'—oxido complex, [Mn!"Hzbuea(0)]~, which
readily reacts with external substrates such as DHA and xanthene. The basicity of the Mn—
oxido unit in this type of complex is controllable with intramolecular H-bonds that we have
shown was correlated with rate [27]. Having the hydroxido ligand as the H-bond acceptor

in [Mn""'poat(OH)]~ would produce a more “oxido” like ligand and increase its reactivity by
rendering a more basic complex.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Mn'"'-OH complexes supported by [Hsbuea]3~ (A), [Hopout]3~ (B), and [poat]®~ (C).
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Fig. 2.

(A) L-mode EPR spectrum of Nay[Mn!'poat(OH)] and (B) |-mode EPR spectrum of
Na[Mn'"'poat(OH)] with simulation in red collected at 17K in a 1:1 mixture of DMF: THF.
(C) UV-vis spectrum of Na[Mn!!'poat(OH)] in DMSO at 20 °C.
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Fig. 3.
Thermal ellipsoid diagrams depicting the molecular structures of {Nay[Mn!'poat(OH)]}»

(A), Nag[Mn''poat(OH)] (B), {Na[Mn'""poat(OH)]}, (C), and Na[Mn'"'poat(OH)] (D). The
ellipsoids are drawn at 50% probability level, and only the hydroxido H atoms are shown for
clarity.
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Cyclic voltammogram of [Mn!'poat(OH)]?~ collected at a scan rate of 100 mV s~1 in DMSO
(A). UV-vis spectrum of [Mn!'poat(OH)]?~ (dashed) and upon oxidation with [FeCp,]*
to generate [Mn!!'poat(OH)]~ (black) and the spectral changes after addition of DHA to
generate anthracene (blue) in DMSO at 20 °C (B).

J Inorg Biochem. Author manuscript; available in PMC 2024 October 24.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Phu et al.
1. 3 NaH Na, Ph
Ph o 2. Mn(OAc), r \/°  H--0 ph
Ph-p’ O\ Ph 3. H,0 Ph-p 0' N\,
\ \P/ . Ao o \ PNPh
Ph O NH L Ph 4.NaH h O N_|
P. HN _— ‘p’ Mn"-N
PH \NH\ - 4Hy, -2 NaOAC P |
(N THF, Ny, r.t. N
Hapoat Na,[Mn"poat(OH)]

Scheme 1.
Preparation of Nay[Mn!'poat(OH)] and Na[Mn!!'poat(OH)].
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Table 1

Selected bond lengths/distances (A) and angles (°) for the [Mn!/!"'(OH)]2-"1~ complexes.?

Nay[Mn''poat(OH)]  Na[Mn""'poat(OH)]

Bond Lengths (A)

Mn1-N1 2.453(2) 2.050(2)
Mn1-N2 2.176(2) 2.072(2)
Mn1-N3 2.179(2) 2.047(2)
Mn1-N4 2.156(2) 2.063(2)
Mn1-01 2.091(1) 1.829(2)
0102 2.803(3)
av Mnl-Ng; ~ 2.170(2) 2.061(2)
Angles (°)
01-Mn1-N1  178.07(5) 177.35(8)
N2-Mn1-N1  75.23(5) 80.97(8)
N3-Mn1-N1  77.34(5) 81.79(7)
N4-Mn1-N1  74.87(5) 82.07(8)
N4-Mn1-N2  117.58(6) 113.42(8)
N2-Mn1-N3  114.94(6) 117.87(8)
N4-Mn1-N3  109.96(6) 122.43(8)

Calculated Values
b 1.008 0.915

T5

a .
Bond lengths, distances, and angles are reported as an average.
b_ . .
Trigonality structural parameter, 75 = (8- a)/60°.

Bis the largest bond angle observed, and a is the second largest bond angle observed.
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