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The1H NMR spectra of a series of manganese-oxo aggregates have been examined, and a characteristic signature
was found for each complex. For the dimanganese(III,III) complexes [Mn2O(OAc)2(HB(pz)3)2], [Mn2O(OAc)2-
(tacn)2]2+, [Mn2O(OAc)2(H2O)2(bpy)2]2+, and [Mn2O(OAc)2(bpta)2]2+ (HB(pz)3 ) hydrotris(pyrazol-1-yl)borate;
tacn ) 1,4,7-triazacyclononane; bpy) 2,2′-bipyridine, and bpta) N,N-bis(2-pyridylmethyl)-tert-butylamine),
the 1H NMR spectra reveal a resonance associated with acetate, found downfield between 58 and 80 ppm, and
a generally well resolved set of terminal ligand resonances which can be divided into two classes: those resonances
associated with pyridyl or pyrazolyl ring protons and those of methylene groups. A number of the pyridine ring
resonances have been unambiguously assigned by the examination of methyl-substituted derivatives. Data for
these derivatives also support a coordination geometry-dependent pathway for spin delocalization. Moreover,
interpretation of the1H NMR spectra leads to the conclusion that the solution-state structures of all members of
the series are the same as the reported solid-state structures. A strong linear correlation between the magnetic
coupling constant (J) and the isotropic shift of the acetate resonance was observed within this series of{Mn2O-
(OAc)2}2+ core complexes. Furthermore, comparisons of the acetate proton isotropic shift ratio (∆HMn/∆HFe) to
the ratio of the squared effective magnetic momentsµeff

2(Mn)/ µeff
2(Fe) for complexes with the{M2O(OAc)2}2+

core (where M) Mn3+ or Fe3+) revealed excellent agreement (within 10%) between these two quantities.

Introduction

Polynuclear manganese aggregates are found at the active
sites of a variety of metalloenzymes. Among the enzymes
believed to have dinuclear Mn centers are certain bacterial
thiosulfate oxidases,1 catalases,2 and ribonucleotide reductases.3

Based on spectroscopic evidence as well as the low-resolution
crystal structure of the Mn-containing catalase fromThermus
thermophilus, the manganese centers of these enzymes have
been formulated as a{Mn2(µ-OH)(µ-O2CR)2} or {Mn2(µ-O)(µ-
O2CR)2} core with peripheral histidine imidazole ligands.4 In
part because of the lack of high-resolution structural data for
the manganese centers in these enzymes, a number of investiga-
tors have undertaken the synthesis and structural characterization
of low-molecular-weight complexes in order to accurately model
the physical properties of these metalloproteins.5

While the growing number of synthetic approaches to higher
valent multinuclear manganese-oxo clusters5-12 and the wide

array of ligands which can be used to help control aggregation
have produced a variety of intriguing complexes, the charac-
terization of the vast majority of these complexes has relied
predominantly on X-ray crystallographic solid-state structures,
complimented by EPR, electrochemistry, and magnetic suscep-
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tibility studies. Although manganese(III) is a potentially
favorable paramagnetic transition metal ion for observing ligand
proton resonances,20 1H NMR spectra have been reported for
few manganese(III) complexes.8,13,14,29 Herein, the1H NMR
“fingerprint” of the ligated{Mn2O(OAc)2}2+ core is reported.
The spectra suggest that the complexes maintain their solid-
state structures in solution. Additionally,1H isotropic shifts
provide insight into the operative spin delocalization mecha-
nisms for these complexes and can be correlated with bulk
magnetic properties, further corroborating that the solution-state
and solid-state structures are very similar.

Experimental Methods

Abbreviations. The following abbreviations are used throughout
this paper: OAc, acetate; bpy, 2,2′-bipyridine; 4,4′-dmb, 4,4′-dimethyl-
2,2′-bipyridine; tacn, 1,4,7-triazacyclononane; Me3tacn, 1,4,7-trimethyl-
1,4,7-triazacyclononane; HB(pz)3

-, hydrotris(pyrazol-1-yl)borate; bpma,
N,N-bis(2-pyridylmethyl)methylamine; bpea,N,N-bis(2-pyridylmethyl)-
ethylamine; bpta,N,N-bis(2-pyridylmethyl)-tert-butylamine; X,X′-
Me2bpxa, 4,4′(5,5′)-dimethyl-N,N-bis(2-pyridylmethyl)-X-(X) methyl,
ethyl, or tert-butyl)amine.

General. All reagents and solvents were purchased from commercial
sources and used as received, unless noted otherwise. Acetonitrile and
diethyl ether were distilled under nitrogen from CaH2 and sodium/
benzophenone, respectively, prior to use. [Mn2O(OAc)2(HB(pz)3)2]
(1),13 [Mn2O(OAc)2(tacn)2](ClO4)2 (2),15 [Mn2O(OAc)2(Me3tacn)2]-

(ClO4)2 (3),15 [Mn2O(OAc)2(H2O)2(bpy)2](BF4)2 (4),10a [Mn2O(OAc)2-
(bpy)2(Cl)2] (5),10b and [Mn2O(OAc)2(bpta)2](ClO4)2 (6)7b were syn-
thesized according to literature procedures. (For ligand structures,
numbering schemes, and abbreviations, see Figure 1.) The identity
and purity of these complexes were confirmed by UV-vis spectroscopy
and elemental analysis (see Supporting Information). Elemental
analysis was performed by Robertson Analytical Laboratories, Madison,
NJ. The deuterated acetate analogues (denoted as-d3) of the Mn2

III,III

dinuclear complexes were synthesized according to literature methods
as cited above. All samples were examined by EPR to ensure the
absence of MnII and dinuclear Mn2III,IV contaminants.

Ligand Synthesis. N,N-Bis(2-pyridylmethyl)-X-amine (bpxa,
where X ) m (methyl), e (ethyl), or t (tert-butyl)). Synthesis of the
bpxa ligand series (see Supporting Information) was modified from
the previously reported synthesis of bpea by Pal et al.7c The bpta ligand
used here was synthesized as reported elsewhere.7b

5(4)-Methyl-2-picolyl Chloride Hydrochloride. Synthesis of the
methyl-substituted picolyl chloride hydrochloride was based on pro-
cedures described by K. D. Karlin (personal communication).30 The
5-methyl- and 4-methyl-substituted picolyl chloride hydrochloride were
prepared by using the same method. A solution of 16.5 g (0.154 mol)
of 2,5(2,4)-lutidine, 90 mL of glacial acetic acid, and 28 mL of 30%
(by w/w) hydrogen peroxide was heated to reflux for 12 h. The crude
product, 2,5(2,4)-lutidine-N-oxide, was dried by rotary evaporation,
redissolved in CHCl3, and dried over anhydrous K2CO3 for several
hours. The CHCl3 mixture was filtered through Celite and subsequently
concentrated by rotary evaporation to an oil. TheN-oxide oil was dried
over NaOH pellets for several hours, filtered, and added to 30 mL of
boiling acetic anhydride. This solution was refluxed for 6 h. The
mixture was cooled to room temperature, diluted with methanol, and
evaporated to dryness. The 2-(acetoxymethyl)-4-methylpyridine was
purified by distillation. The high purity of 2-(acetoxymethyl)-5-
methylpyridine, as shown by1H NMR, made distillation unnecessary.
The 2-(acetoxymethyl)-5(4)-methylpyridine was heated to reflux in 100
mL of 2 N NaOH for 18 h. When cooled, the solution was extracted
with diethyl ether, and the ether extracts were dried by rotary
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Figure 1. Ligand structures, numbering schemes, and abbreviated
names used in this text.
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evaporation. For every 1.6 g of the crude 2-(hydroxymethyl)-5(4)-
methylpyridine, cooled to 0°C, 30 mL of neat thionyl chloride was
added dropwise. The mixture was warmed to 50°C for 6 h and
immediately thereafter evaporated to dryness. Solid 5(4)-methyl-2-
picolyl chloride hydrochloride was obtained in a yield of 54.4%
(12.6%). The isolated 14.92 (3.45) g of 5(4)-methyl-2-picolyl chloride
hydrochloride was of sufficient purity for use in the syntheses of the
5,5′(4,4′)-dimethyl-substituted bpxa ligands. 300-MHz1H NMR in
CDCl3 referenced to residual CHCl3: for 5-methyl-2-picolyl chloride
hydrochloride, 2.58 (s) 5-CH3, 5.16 (s) 2-CH2Cl, 7.96 (d) 3-H, 8.23
(d) 4-H, 8.55 (s) 6-H; for 4-methyl-2-picolyl chloride hydrochloride,
2.69 (s) 4-CH3, 5.16 (s) 2-CH2Cl, 7.67 (d) 5-H, 7.84 (s) 3-H, 8.57 (d)
6-H.

N,N-Bis(5(4)-methyl-2-pyridylmethyl)-X-amine (5,5′(4,4′)-Me2bpxa,
where X ) m (methyl), e (ethyl), or t (tert-butyl)). Preparations of
all methyl-substituted ligands series were analogous to those of their
unsubstituted counterparts (see Supporting Information).7b,c 300-MHz
1H NMR in CDCl3 referenced to residual CHCl3: for 5,5′-Me2bpta,
1.26 (s)tert-butyl CH3, 2.25 (s) 5,5′-CH3, 4.65 (s) methylene, 7.38 (d)
3,3′-pyridyl H’s, 7.54 (d) 4,4′-pyridyl H’s, 8.41 (s) 6,6′-pyridyl H’s;
for 4,4′-Me2bpta: 1.17 (s)tert-butyl CH3, 2.22 (s) 4,4′-CH3, 3.89 (s)
methylene, 6.79 (d) 5,5′-pyridyl H’s, 7.24 (s) 3,3′-pyridyl H’s, 8.22
(d) 6,6′-pyridyl H’s. Yields in accord with1H NMR and GC/MS
data: 5,5′-Me2bpta, 34%; 4,4′-Me2bpta, 12%.

Synthesis of Methyl-Substituted Analogues. [Mn2O(OAc)2(4,4′-
Me2bpta)2](ClO4)2 (7), [Mn2O(OAc)2(5,5′-Me2bpta)2](ClO4)2 (8), and
[Mn 2O(OAc)2Cl2(4,4′-dmb)2] (9). The preparations of the methyl-
substituted analogues of [Mn2O(OAc)2(bpta)2](ClO4)2 (6)7b and
[Mn2O(OAc)2(bpy)2Cl2] (5)10b were based on literature methods (see
Supporting Information).

The yield of 7 was 414 mg (43.4%). For the synthesis of8, the
reaction scale was increased 3-fold to yield 1.32 g (40.9%). Complex
9 is more soluble in MeCN than the parent compound, forming small
red-brown crystals after several days of concentration under ambient
conditions. The crystals were collected by filtration, washed with
MeCN and Et2O, and dried in air. The yield of9 was 37%.

Physical Measurements.1H NMR spectra were recorded at ambient
temperature (probe temperature 294-295 K) on a Varian Unity 300
spectrometer. Samples that were nearly saturated in manganese
complex (3-5 mM) required 256-1000 acquisitions to obtain satisfac-
tory signal-to-noise ratios. Data collection parameters for the standard
proton pulse sequence include a spectral width of 100 kHz, with 64 000
time domain points. All1H NMR spectra were baseline corrected using
a simple first-order correction function. Values for chemical shifts
(ppm) are theobserVedshifts referenced to residual solvent resonances.
Residual protic solvent peaks were referenced as CHD2CN, 1.95 ppm;
CHD2OD, 3.50 ppm; CHCl3, 7.26 ppm; and CHDCl2, 5.32 ppm.

EPR spectra were obtained at X-band with a Bruker ECS 106
spectrometer near 77 K using an immersion finger dewar filled with
liquid nitrogen. Visible spectra were obtained in a convenient solvent
using either a Perkin-Elmer 1-E or a Varian Lambda-3B spectropho-
tometer.

Results and Discussion

The proton spectra of [Mn2O(OAc)2(tacn)2]2+ (2), [Mn2O-
(OAc)2(bpy)2]2+ (4), and [Mn2O(OAc)2(bpta)2]2+ (6), shown in
Figure 2, reveal a definitive fingerprint for the ligated{Mn2O-
(OAc)2}2+ core, consisting of a characteristic acetate resonance
and a distinctive pattern of terminal ligand resonances. The
resonances associated with the bridging acetate groups, defini-
tively assigned by synthesis of the deuterated acetate analogues,
are found downfield between 58 and 80 ppm. Further, the
ligand proton resonances can be divided into two classes, with
the methylene resonances spanning a range of+91 > δ > -90
ppm, while the pyridyl ring protons fall in the range+53 > δ
> -90 ppm (see Figure 2). The integrated intensities for the
resonances of the acetate methyl groups and the ring protons
are in good agreement with the predicted ratios from empirical
formulas (see Supporting Information).

In the 1H NMR spectrum of [Mn2O(OAc)2(tacn)2]2+ (2,
Figure 2A), the protons from the bridging acetate (peak b) are
observed at 79.0 ppm, similar to the reported 78.0 ppm for the
[Mn2O(OAc)2(Me3tacn)2](ClO4)2 (3),29 and six resonances as-
sociated with the tacn ligand are detected (peaks a, c-g).
Assuming idealizedC2V symmetry for complex2, three in-
equivalent methylene groups of the tacn ligand are expected,
with each methylene group having two types of protons. One
proton is in an axial position (Hax), such that it is canted toward
the MnIII ion. The other proton is in an equatorial position (Heq),
thus directed away from the metal (see Supporting Information).
An analysis of the resonance peak widths (ν1/2) for 2 reveals
two sets of peaks, one withν1/2 of ∼900 Hz (peaks a, d, and g)
and one withν1/2 of ∼1400 Hz (peaks c, e, and f). We suggest
that those resonances with a largerν1/2 correspond to the axial
protons, while the sharper resonances correspond to the equato-
rial ones.8a The assigned pattern of axial and equatorial
methylene resonances in these complexes is reminiscent of those
observed in the related Fe(II) and Co(II) hydroxy-bridged
Me3tacn dimeric analogues,18 as well as a number of M(III)
monomeric complexes (where M(III)) V, Cr, Mn, Fe, and Co)
formed with the hexadentate ligand 1,4,7-tris(o-aminobenzyl)-
1,4,7-triazacyclononane.19

The1H spectrum of [Mn2O(OAc)2(bpy)2(H2O)2]2+ (4, Figure
2B) shows the prototypical resonance pattern for a{Mn2O-
(OAc)2}2+ core with terminally coordinated pyridyl moieties.
Under idealizedC2 symmetry, one predicts one resonance
attributable to the equivalent CH3 groups of the bridging acetate
ligands and eight resonances arising from the inequivalent
terminal pyridyl protons. Of the nine predicted resonances, eight
are observed, with the acetate resonance at 59.2 ppm and seven
additional peaks attributable to ring protons spanning the range
51.1> δ > -31.1 ppm. Resonances f and g (Figure 2B) are
assigned as the 4,4′ protons of bpy, since they are not observed
in [Mn2O(OAc)2(4,4′-dmb)2Cl2] (9) (see Supporting Informa-
tion).

Figure 2. 300-MHz 1H NMR spectra of complexes with the{Mn2-
(µ-O)(µ-OAc)2}2+ core type in acetonitrile-d3. (A) [Mn2O(OAc)2(tacn)2]-
(ClO4)2 (2); (B) [Mn2O(OAc)2(H2O)2(bpy)2](BF4)2 (4); (C) [Mn2O-
(OAc)2(bpta)2](ClO4)2 (6). Symbol: {, [Mn2O2(bpy)4]3+ contaminant
(see Experimental Section for details).
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In the 1H NMR spectrum of [Mn2O(OAc)2(bpta)2]2+ (6,
Figure 2C), the acetate resonance appears at 73.9 ppm (peak
b), while 12 additional resonances are observed spanning the
range 87> δ > -90 ppm. If an idealizedC2 symmetry,
consistent with the reported crystal structure,7b is invoked for
this complex, 14 resonances should be observed. The bpta
ligand should contribute 13 resonances: four from each of the
inequivalent pyridyl rings, four from each inequivalent proton
of the two methylenes, and one from the nine equivalent protons
from each of thetert-butyl groups. The six equivalent protons
from the bridging acetate groups appear as a single resonance.
Once solvent peaks are excluded, Figure 3A appears to show
all 14 of the anticipated peaks. Table 1 provides the assignments
for the 1H spectrum of6 based on resonance patterns obtained
from the methyl-substituted analogues (Supporting Information).
Combiningν1/2 analysis with comparisons to the spectrum of
the tacn analogue (vide supra), the broad peaks are assigned as
the methylene protons (peaks a, c, d, and e) and the 6,6′ protons
of the pyridine rings (peaks h and n). Thetert-butyl group
protons of6 are observed as a very broad peak (peak i) centered
at 9.1 ppm that integrates to 18 protons (this broad peak is more
clearly observed in the methyl-substituted complexes7 and8
included in Figure 2B and 2A). Based on the recently obtained
crystal structure of6,7b the broadening of thetert-butyl group
proton resonances can be attributed to hindered rotation around
the N-C(CH3)3 bond of the ligand, which comes into close
proximity to the bridging acetate groups of the core, producing
short H‚‚‚H distances in the van der Waals contact range.

The observed spectral patterns of the{Mn2O(OAc)2}2+

dinuclear species arise from the disposition of ligands cis and
trans with respect to the oxo bridge. For the high-spin MnIII

(d4) case, if it is assumed that the dz2 orbital of the Mn atom is
oriented along the short Mn-oxide bond, then this orbital is
presumed to become destabilized relative to the dx2-y2 orbital
and is, consequently, unoccupied. Thus, the pyridyl ring situated
trans to the bridging oxide would be expected to be influenced

predominately by aπ-spin delocalization pathway from mo-
lecular dπ orbitals. In contrast, the pyridyl ring oriented cis to
the bridging oxide ligand should be influenced by bothσ- and
π-spin delocalization pathways arising from the occupied metal
dx2-y2 and dπ orbitals, respectively. The alternating shift pattern
observed for6 around the ligand’s pyridyl ring as well as the
change in the sign of the isotropic shift between the H and Me
resonances (Table 1) is clearly indicative of a dominatingπ-spin
delocalization mechanism.20,21 The attenuating influence of the
σ-delocalization pathway is exemplified by the dramatic dif-
ference in the shifts of the 6′ and 6 protons (114 ppm) in [Mn2O-
(OAc)2(bpta)2]2+ (6). The 6′ proton of the pyridyl ligand trans
to the oxide is contact shifted upfield by aπ-spin delocalization
pathway, while the 6 proton cis to the oxide is contact shifted
downfield relative to the 6′ proton due to the influence of a
σ-spin delocalization mechanism. In contrast, the difference
between the resonance positions of the 4,4′ protons is 19.4 ppm,
demonstrating the decreasing predominance of theσ-spin
delocalization as it is propagated through the carbon bonds of
the pyridyl moiety.

Although attempts to make definitive assignments of the core
geometry using two-dimensional techniques proved unsuccess-
ful,22 the spectra demonstrate how the simple fingerprint of a
core can be used to interpret more complex spectra. In this
instance, the spectrum of [Mn2O(OAc)2(tacn)2]2+ shows the
expected resonance pattern for the methylene moieties of the
tacn ligand disposed around the core. Similarly, the spectrum
of [Mn2O(OAc)2(bpy)2(H2O)2]2+ indicates the observed pattern
for terminal pyridyl moieties. The spectrum for [Mn2O(OAc)2-
(bpta)2]2+, a complex whose ligand contains both methylene
and pyridyl moieties, represents a composite of the above
spectra, with many features mapping directly from the spectrum
of 2 and4, respectively.

Magnetic Correlations. To a first approximation for iso-
structural iron and manganese complexes, the ratio of the
isotropic shifts (∆HMn/∆HFe) will vary as the ratio of the
molecular susceptibilities,øMn/øFe, or, equivalently, the ratio of
the squared effective magnetic momentsµeff

2(Mn)/ µeff
2(Fe)

when the dipolar contributions to the chemical shift are
negligible.23 Previously, such an analysis has been applied
successfully to the comparison of the chemical shift of the
acetate resonance of [Mn2O(OAc)2(HB(pz)3)2] (1) with its Fe

Figure 3. 300-MHz 1H NMR spectra of complexes with the{Mn2-
(µ-O)(µ-OAc)2}2+ core type in acetonitrile-d3. (A) [Mn2O(OAc)2(5,5′-
Me2bpta)2](ClO4)2 (8); (B) [Mn2O(OAc)2(4,4′-Me2bpta)2](ClO4)2 (7);
(C) [Mn2O(OAc)2(bpta)2](ClO4)2 (6). Symbol: ∼, truncated for scale.

Table 1. Proton NMR Dataa for [Mn2O(OAc)2(bpta)2]2+ (6) and
Related Complexes

6 (bpta) 7 (4,4′-Me2bpta) 8 (5,5′-Me2bpta) assignment

86.5 (580) 85.1 (500) 89.0 (500) Cmeth-Hax

73.9 (210) 71.4 (180) 72.0 (200) O2CCH3

71.7 (400) 72.0 (420) Cmeth-Heq

63.2 (290) 63.4 (270) 59.9 (270) Cmeth-Heq

41.2 (20) 4,4′-CH3

41.0 (830) 37.2 (730) 39.3 (700) Cmeth-Hax

26.7 (90) 24.7 (80) 24.5 (80) 3,3′-H
25.3 (80) 23.4 (70) 5,5′-H
22.7 (900) 25.6 (800) 25.5 (770) 6-H

20.7 (20) 4,4′-CH3

9.1 6.5 (2020) N-C(CH3)3

6.4 (110) 6.1 (90) 5,5′-H
3.4 (110) 4.7 (90) 1.0 3,3′-H

-2.2 (40) 5,5′-CH3

-11.5 (40) 5,5′-CH3

-14.7 (50) -14.1 (40) 4,4′-H
-34.1 (50) -33.3 (40) 4,4′-H
-89.6 (1140) -85.1 (850) -87.0 (940) 6′-H

a Data are chemical shifts in ppm referenced to residual CD2HCN
(1.95 ppm) and, in parentheses, the full width at half-height (ν1/2) in
hertz. See Experimental Section for additional details.
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analogue.13 Herein, it is possible to evaluate the generality of
this correlation. Collected in Table 2 are magnetic data for
several complexes with{Mn2O(OAc)2}2+ cores and their Fe
analogues.24-27 In the cases of [Mn2O(OAc)2(HB(pz)3)2],13

[Mn2O(OAc)2Cl2(bpy)2],10b [Mn2O(OAc)2(tacn)2]2+,15 and
[Mn2O(OAc)2(Me3tacn)2]2+,15 there is reasonably good agree-
ment between the ratio of the isotropic shifts of the acetate
resonances of the manganese and iron complexes and the square
of the effective moments, with differences ranging from 5 to
10%. The major exception appears to be the [Mn2O(OAc)2-
(bpy)2(H2O)2]2+.10a Using the literature values,10b,24athe dif-
ference in the bpy comparison ranges from 15 to 25%. Indeed,
we suggest that the imprecision of the determinedµeff

2(Fe) value
is the source of the variability in the comparison.24a Neverthe-
less, comparisons of the acetate proton resonance isotropic shift
ratio (∆HMn/∆HFe) to the ratio of the squared effective magnetic
moments (µeff

2(Mn)/ µeff
2(Fe)) reveal an excellent agreement

(within 10%) between these two quantitites.
Additionally, there does appear to be a strong linear correla-

tion between the isotropic shift of the acetate protons and the
magnetic coupling contant (J, cm-1) among the various bi-
nuclear Mn2III,III complexes (Figure 4) but not other parameters,
such as Mn-O-Mn bond angle. Recently, Satcher and Balch
reported a similar correlation for a series of (µ-alkoxo)(µ-X)-
dicopper(II) complexes (where X) OAc, NO2, N3) over a range

of 2J from +26 to -1100 cm-1.28 The isotropic shift of the
acetate resonance should serve as a relatively sound guide for
estimating the extent of magnetic coupling for new Mn2

III,III

binuclear compounds.7b Further, the correlation between solid-
state magnetic measurements and the solution-state1H NMR
measurements strongly suggests that the solid-state structure is
maintained in solution.
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Table 2. Comparisons of the Square of the Ratio of the Effective
Magnetic Moments,µeff

2(Mn)/µeff
2(Fe), to the Ratio of the Isotropic

Shifts (∆HMn/∆HFe) for Complexes with{Mn2O(OAc)2}2+ and
{Fe2O(OAc)2}2+ Cores

{Mn2O-
(OAc)2}2+

{Fe2O-
(OAc)2}2+

ligand µeff
2 ∆Hiso µeff

2 ∆Hiso

µeff
2(Mn)/

µeff
2(Fe)

∆HMn/
∆HFe

difference
(%)

HB(pz)3 4.92a 63.5a 1.71f 8.4f 8.27 7.56 8.5
Me3tacn 5.28b 80.4c 1.73g 8.9h 6.96 7.31 -5.0
tacn 5.12b 76.9c 1.84i 9.4h 7.74 8.18 -5.7
bpy/H2O 3.86d 57.1c 1.6j 8.4j 5.82 6.79 -16.7
bpy/Cl 4.48e 58.5c 1.75k 8.6c 6.55 6.80 -3.8

a Reference 13.b Reference 15.c This work. d Reference 10a.e Ref-
erence 10b.f Reference 31a.g Reference 31b.h Reference 32.i Refer-
ence 31c.j Reference 24a.k Reference 24b.

Figure 4. Correlation of the room-temperature chemical shifts of the
bridging acetate resonances for a variety of{Mn2O(OAc)2}2+ cores
with the magnetic exchange values (J, cm-1). Symbols: b, 4 (bpy/
H2O); O, 5 (bpy/Cl); 9, 1 (HB(pz)3); 2, 2 (tacn);4, 3 (Me3tacn). The
line is a linear regression fit to the points with anR2 of 0.975.
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