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Non-innocent ligands (NILs) like bis(pyridylimino)isoindolide
(BPI) play crucial roles in coordination chemistry, biosciences,
catalysis and material sciences. Investigating the isolated redox
states of NILs is inevitable for understanding their redox-activity
and fine-tuning the properties of corresponding metal com-
plexes. The limited number of fundamental studies on the
coordination behavior and redox chemistry of reduced BPI
species is suggested to hamper further applications of the title
compounds. This work describes for the first time the isolation
of alkali metal complexes of BPI and Me2BPI in three different

oxidation states and their characterization by means of NMR or
EPR spectroscopy, DFT calculations, and SC-XRD studies. The
latter revealed the connection between bond orders in the
ligand scaffold and its oxidation state. The paramagnetic
compound Me2BPI-K2 was isolated as a coordination copolymer
with 18-crown-6, which enabled the characterization of the
dianionic BPI radical. Furthermore, the so-far unknown tria-
nionic state of BPI was reported by the isolation of BPI-K3. This
divulges an unprecedented bis(amidinato)isoindolide coordina-
tion mode.

Introduction

Ligands that prevent the exact determination of the oxidation
state of metal ions are known as redox-active or non-innocent
ligands (NILs).[1] The utilization of NILs alters the redox levels of
metal complexes compared to their redox inactive counterparts,
which are dominated by the redox chemistry of the metal ions.
Therefore, they are suggested to show high potential in
coordination chemistry,[2] catalysis,[3] material sciences[4] and life
sciences, which is also signified by the various porphyrinoid
NILs in biological systems.[5]

Fine-tuning redox properties of metal complexes according
to corresponding applications inevitably requires knowledge of
the isolated redox chemistry of both the metal ion and the
isolated pre-ligand. A famous monodentate representative for
NILs is NO.[6] Studying its redox activity is, for instance, directly
connected to a deeper understanding of fundamental processes

in biochemistry.[7] Also, bidentate NILs based on hetero-1,3-
diene systems like catecholates,[8] thiolenes,[9] or diimines[10]

were investigated thoroughly, which has led to a good number
of applications in small molecule activation,[11] catalysis,[12] or
metal-organic frameworks,[13] as well as to fundamental prog-
ress in artificial photosynthesis.[14] Tridentate redox-active
ligands belong to the class of pincer ligands and show strong
binding affinities to metal ions due to the chelate effect. This
often leads to highly stable molecular complexes with finely
tunable redox properties making them superior in modern
ligand design to low coordinating NILs.[15] Redox-active
bis(imino)pyridines, for example, revealed stable iron complexes
in different oxidation states and enabled even reductive
elimination of C� C bonds from FeII.[16] Other tridentate NILs like
substituted diphenylamines[15] or dihydrazono-pyrroles[17] did
likewise show high potential in organometallic chemistry and
homogeneous catalysis.

Bis(arylimino)isoindolides are also tridentate NILs with
bis(pyridylimino)isoindolide (BPI) being the most famous repre-
sentative of this family (Figure 1).[22] Complexes of s-, p- , d-, and
f-block elements were reported using BPI ligands and especially
the transition metal complexes were discussed in the context of
current chemical issues like redox flow batteries,[18] homoge-
neous catalysis,[21,23] living polymerization[24] and water
splitting.[19,20] In most cases, the NH moiety of the central
isoindoline scaffold is deprotonated making BPI a monoanionic
NNN pincer ligand featuring a fully π-conjugated backbone
(Figure 1). Unraveling the redox properties of preligands like BPI
can be realized by isolating their alkali metal complexes as
those metal ions are suggested to be fully redox innocent
leading to essentially ligand-controlled redox chemistry. This
approach was already realized for NILs like diimines[25] or
iminopyridines.[26] The exploration of these reduced NILs
unraveled completely new classes of coordination compounds
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and paved the way to further applications, for instance, in f-
element[27] or main group chemistry.[28] Alkali metal complexes
of BPI were synthesized before in its redox-neutral state and
one lithium complex[29] was even crystallographically
characterized.[30–34] But despite some hints of the possible
reductions of BPI ligands[18,19] information on the accessibility
and coordination chemistry of the reduced BPI species is, to the
best of our knowledge, so far unprecedented. The lack of
fundamental knowledge of these useful species prompted us to
carry out a detailed study on the isolation and complete
characterization of BPI-derived alkali metal complexes featuring
mono-, di- and trianionic ligand entities, which benchmarks the
isolated reduced redox levels of this ligand scaffold (Figure 1).

Results and Discussion

Bis(pyridylimino)isoindoline (BPI� H) is readily accessible from
commercially available o-phthalonitrile and 2-amino
pyridines.[35] The pre-ligand has already been used in its
deprotonated form (i. e. [BPI]–) as ligand for transition metals,
main group and rare earth elements.[22] To increase the
potential for future applications, the lower oxidation states of
BPI were investigated in order to simplify the fine-tuning of the
redox properties of metal complexes and to open gates to a
new class of coordination compounds.

We started our investigations with cyclic voltammetry (CV)
studies on BPI� H (1-H) and bis(3-methylpyridyl-
imino)isoindoline (Me2BPI� H, 2-H) in THF. 1-H shows a quasi-
reversible reduction process at E01/2= � 2.06 V (vs. Fc/Fc+). This
parallels previous findings from Saha et al. on CV measurements
in MeCN of a closely related derivative of 1-H, where the quasi-
reversibility was possibly attributed to Cpyridine� N single bond
rotation on the CV time scale.[19] In addition, Saha et al. reported
a second irreversible reduction process of their BPI derivative
centered at E01/2= � 2.25 V. This finding contrasts with our

results as we observed the second reduction of 1-H at E01/2=

� 2.37 V to be quasi-reversible. The differences in reduction
potential and reversibility very likely originate from the different
solvent used for the CV measurements. From these findings it
can be concluded that reduced BPI species might decompose
in too polar solvents. Furthermore, a third reduction process
was observed for 1-H at E01/2= � 2.65 V. This indicated deproto-
nation of the compound within the electrochemically active
layers on CV time scale. As the anionic species were suggested
to get reduced at lower potentials, the third observed reduction
was expected to originate from the formation of 13� (see
Supporting Information). For the dimethylated derivative 2-H in
THF, this third reduction process was only barely detectable,
but the first two reduction processes were observed fully
reversible at E01/2= � 2.10 V and E01/2= � 2.40 V (vs. Fc/Fc+,
Figure 2). These results indicated the possible uptake of two
electrons into the conjugated π-system as well as the
occurrence and potential isolation of di- and trianionic state of
BPI.

Alkali metal complexes of BPI in their redox-neutral state
can be synthesized by deprotonating the N� H moiety of the
pre-ligand 1-H.[29–34] As alkali metal complexes of unsubstituted
BPI are highly insoluble in almost all common solvents, the
derivatives of Me2BPI were chosen for crystallographic and
cyclic voltammetry investigations. Me2BPI� Li (2-Li), Me2BPI� Na
(2-Na), and Me2BPI� K (2-K) were synthesized by treating 2-H
with the corresponding metal hydrides in THF. While the Li and
K derivatives were obtained as solvent-free samples by simple
vacuum drying at ambient temperature, 2-Na is obtained as a
THF adduct, which lost its coordinated solvent only by refluxing
in toluene. All three compounds are soluble in polar ethers like
THF or DME, but poorly soluble in apolar solvents such as
hydrocarbons. Residues of coordinating THF improves the
solubility in apolar solvents, which is signified by the very good
solubility of Me2BPI� Na ·THF in toluene. The improved solubility
of the methylated BPI complexes enabled the crystallization of
the Li-, and K coordination compounds from supersaturated

Figure 1. a) Mono-, di- and trianionic redox states of BPI. b) Examples of
reported applications of complexes of the general formula [M(bpi)2] and
[MLn(bpi)].

[18–21]

Figure 2. Cyclic voltammograms of 2-H (blue) and 2-Na (yellow) in THF
under argon atmosphere using 0.01 M [NBu4][Al{OC(CF3)3}4]; scan rate
v=100 mV/s.
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THF solutions. In addition, these compounds were investigated
by SC-XRD (Figure 3).

The observed bond lengths along the conjugated π-system
of those two complexes match the expected bond lengths of
typical C� N and C� C single and/or double bonds in BPI� H pre-
ligands.[29,36] Furthermore, the C1� N2 single bond is capable of
rotation, thus hampering global conjugation of the pyridine
and isoindoline π-systems. This behavior is only rarely found in
BPI complexes but is expected to occur if the hereby enabled
metal coordination is energetically overcoming the global
conjugation. Distinct from the Li complex of
bis(tetrahydrochinolylimino) isoindolide,[29] the preferred tetra-
hedral coordination of Li+ in 2-Li·THF is realized by bidentate
coordination of two Me2BPI ligands with the second pyridine
ring rotating out of the BPI plane.

Cyclic voltammetry studies on 2-Li, and 2-K in THF did not
yield satisfactory results, which may be due to disruptive
interactions like deposition of the compounds on the electrodes
surface.[19] 2-Na instead did show two reduction processes at
E01/2= � 2.37 V and E01/2= � 2.65 V (vs. Fc/Fc+). Therefore, the
reduction processes already observed for the pre-ligand are still
detectable for the alkali metal compound although cathodically
shifted due to the higher electron density in the monoanionic
BPI scaffold (Figure 2). Since the CV data of the pre-ligand 2-H
as well as the alkali metal complex 2-Na hinted on the possible
reduction of BPI, the preligand 1-H was treated with three
equivalents of potassium in THF to synthesize 1-K3. Initially, the
bright yellow solution of 1-H turned into a yellow suspension,
indicating the formation of insoluble 1-K through metalation

(vide supra). After several minutes, the suspension started
adopting a darker color and turning finally red after stirring for
one night. Stirring of the mixture for several days led to full
dissolution of the former suspension. Filtration and solvent
evaporation gave a black solid material, which shows good
solubility in polar ethers like THF, 1,4-dioxane or DME.

NMR spectroscopic investigations in THF-d8 gave only very
broad signals with low intensities, which was understood as an
indication of huge amounts of paramagnetic material in the
substance, i. e. incomplete reduction of the BPI ligand. Never-
theless, when the reaction was carried out in the presence of
18-crown-6 (18c6) to further facilitate the reduction with
elemental potassium, the reaction mixture changed colors from
yellow to dark green and, finally, again to dark red within few
hours. When only two equivalents of potassium were used, the
green color, which is only observed if 18c6 was utilized,
remained. Conducting this reaction with 2-H furnished dark
green crystals from THF solution at � 30 °C, which were
confirmed by SC-XRD to be 2-K2 · 18c6. This compound crystal-
lizes in the monoclinic space group P21/c as a coordination
copolymer with a “shishkebab”-like array of Me2BPI and 18c6
moieties between the potassium ions (Figure 4). This alternation
is expected to originate from a preferably balanced charge
distribution along the linear polymer chain because of the
different charges of both monomers, namely � 2 for BPI and 0
for crown ether. Macroscopically, the different tubular polymer
chains are arrayed exclusively parallel and not crossed. Distinct
from 2-K, the bonds in 2-K2 along the conjugated π-system
experienced strong length alteration by reduction. For instance,
the former imino C=N double bond (C2� N2) is elongated from
129.4 pm in 2-K to 135.2 pm in 2-K2. This clearly indicates that
the additional electron is populating antibonding π* orbitals of
the ligand system.

Isolated 2-K2 · 18c6 is a dark green to black solid, which is
well soluble in THF or DME and shows very high sensitivity to
air and moisture. EPR spectroscopic investigations showed a
resonance with a g value of 2.0066. Different hyperfine
couplings were observed for all nitrogen and hydrogen atoms,
but full resolution of all hyperfine couplings was hampered by
line broadening. After approximate determination of the hyper-
fine coupling constants by quantum chemical calculations at
the BP86-D3/EPR-III//BP86-D3/def2-TZVP level, the EPR spec-
trum was successfully simulated (Figure 5a, for details, see
Supporting Information). The computed (BP86-D3/EPR-III//BP86-
D3/def2-TZVP level) spin density in [Me2BPI]

2� indicates that the
unpaired electron is mainly localized at both exocyclic C=N
bonds (computed spin density of 0.14e and 0.10e for C and N
atoms, respectively, Figure 5b). This is consistent with the
above-mentioned elongation of the C=N bonds from 2-K to 2-
K2, which is reflected in the Wiberg Bond Index (WBI) computed
for the bare [Me2BPI]

2� dianion (1.32, C=N bond length of
1.35 Å), which is close to a single bond.

The findings decribed above strongly suggest that the
addition of a second electron should be feasible, leading to the
formation of a new diamagnetic compound. Knowing that 2-
K2 · 18c6 is the green intermediate detected during the reaction
of 2-H with excess potassium (if 18c6 is present), the second

Figure 3. Top: Reaction scheme of the synthesis of Me2BPI� M from
Me2BPI� H. a) 15.0 eq. LiH, THF, r.t., overnight, 74%; b) 1.10 eq. NaH, THF, r.t.,
1 h, 84%, c) 1.05 eq. KH, THF, r.t., 1 h, 77%. Bottom: Molecular structures of
2-Li·THF and 2-K · 2 THF. Thermal ellipsoids are drawn at the 30% probability
level. Hydrogen atoms omitted for clarity. Selected distances, bond lengths
and angles in Å and °, respectively. 2-Li·THF: N1� C1 1.330(7), C1� N2 1.388(7),
N2� C2 1.298(6), C2� C3 1.495(7), C3� C3’ 1.383(7), N1� Li1 2.035(9), N3� Li1
2.014(10), N1’� Li2 2.048(11); N1� C1� N2 122.6(5), C1� N2� C2 125.5(5). 2-K · 2
THF: N1� C1 1.335(3), C1� N2 1.395(3), N2� C2 1.294(3), C2� C3 1.487(3),
C3� C3’ 1.381(3), N1� K1 2.878(2), N3� K1 2.833(2), N1’� K1 3.138(2); N1� C1� N2
119.9(2), C1� N2� C2 121.4(2).
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color change to red was interpreted as the result of the second
electron transfer to form 2-K3. Unfortunately, all our attempts to
isolate or characterize this species were unsuccessful. Despite

that, the isolation of a coordination compound with trianionic
BPI was achieved by using the unsubstituted ligand system (i. e.
lacking methyl groups in the pyridine rings). Thus, treating the
parent 1-H with an excess of potassium metal in dimeth-
oxyethane gave dark red crystals of 1-K3 after filtration and
storage of the filtrate at � 25 °C. This crystalline material
immediately started melting after removal from the freezer, but
could still be investigated by SC-XRD. 1-K3 crystallizes in the
triclinic space group P�1 as a dimer with a chain of six potassium
ions as connector and eight DME molecules saturating their
coordination spheres above and below the molecular plane of
both BPI molecules (Figure 6).

The observed “melting process” may be ascribed to the
cleavage of the DME coordination to the potassium ions and
the dissolution of 1-K3 by the released DME. As previously
proposed, the former double bonds of 1-H along the
conjugated backbone become much longer in 1-K3, while the
former single bonds are strongly shortened. This is once again
reflected in the computed WBIs of the key C=N bonds which
are significantly lower in [BPI]3� (1.14, C=N bond length of
1.40 Å) than in [BPI]� (1.52, C=N bond length of 1.31 Å). Table 1
gathers the bond length variations of the key bonds upon
reduction of the BPI systems.

Interestingly, the BPI ligand in 1-K3 adopts the open form of
the imino C2� N2 bond rotamer in which the NNN pincer
character of the ligand is lost and the former imino C� N bond
shows anti conformation. This was previously reported by
Zhang et al. for a redox-neutral BPI f-element complex, but only
in the solid state while the pincer-type rotamer was observed in
solution.[37] Our quantum chemical calculations at the BP86-D3/
def2-TZVP level indicate that the barrier associated with the
rotation around the imino C=N bond is rather low and becomes
almost negligible upon reduction of the BPI ligand (ΔE¼6 =

Figure 4. a) Synthesis of 2-K2 · 18c6. 2.10 eq. K, 2.10 eq. 18-crown-6, THF, r.t., 7 d, 45%. b) Polymeric structure of 2-K2 · 18c6 in solid state determined by SC-
XRD. c) One repetitive unit of the solid-state structure of 2-K2 · 18c6 determined by SC-XRD. Thermal ellipsoids are drawn at the 30% probability level.
Hydrogen atoms and non-coordinated THF omitted for clarity. Selected distances, bond lengths and angles are given in Å and °, respectively: N1� C1
1.3630(15), C1� N2 1.3565(15), N2� C2 1.3515(15), C2� C3 1.4541(16), C3� C3’ 1.4132(17), N1� K1 2.7881(10), N3� K1 2.7491(10), N1’� K1 2.8712(11), N3� K2
2.6941(10), N1’� K2 2.8867(11); N1� C1� N2 124.12(10), C1� N2� C2 124.45(10), K1� N1� K2 84.44(3).

Figure 5. a) CW-EPR spectrum of 2-K2 · 18c6 in DME (10� 5 M, modulation
amplitude: 0.02 G, 9.415471 GHz, ambient temperature, 30 scans,
g=2.0066). The line width was determined to lw=0.01252 mT. For depend-
ency of simulated spectrum shape to line width, see ESI; b) spin density plot
(left) of [Me2BPI]

2� in the gas phase computed at the BP86-D3/EPR-III//BP86-
D3/def2-TZVP level and hyperfine couplings constants in MHz (right)
determined by simulation of the experimentally observed spectrum.
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5.2 kcal/mol, 2.2 kcal/mol and 0.8 kcal/mol, for [BPI]� , [BPI]2�

and [BPI]3� , respectively). In addition, whereas the open-forms
[BPI-iso]2� and [BPI-iso]3� are clearly more stable than their
closed-form counterparts (ΔE=5.7 and 9.5 kcal/mol, respec-
tively), the species involving the [BPI]� ligand are nearly
degenerate (Figure 7).

This is very likely the result of minimizing the electronic
repulsion of the negative charges in the reduced systems,
which are mainly located at the nitrogen atoms (Figure 7).
Therefore, the open-form rotamer observed in the crystal
structure involving the redox-neutral BPI reported by Zhang
et al. was probably driven by more favorable metal coordina-
tion. Nevertheless, it should be noted that the 1H NMR spectrum
of isolated 1-K3 in THF-d8 did only show very broad signals
between 8.00 and 5.00 ppm, which are in general shifted to
higher field compared to less reduced BPI species. Although a
full assignment of the observed NMR signals could not be

achieved, the signals in the 1H NMR spectra sharpened when
the measuring temperature was gradually cooled down until
193 K. These findings are consistent with a dynamic C� N bond
rotation on the NMR time scale as it was reported previously for
related doubly reduced diamagnetic species of NILs.[26] Con-
clusively, reduced BPI is a more promising candidate for
applying the open coordination mode than redox-neutral BPI.
In combination with the increased negative charge, the
coordination mode of [BPI]3– can be described as
bis(amidinato)isoindolide.

Conclusions

This work established the isolation and characterization of
bis(pyridylimino)isoindolide (BPI) alkali metal complexes in all
three redox states. Redox-neutral Li, Na and K complexes of
Me2BPI (2) were synthesized and cyclic voltammetry studies
indicated two feasible reductions of the ligand entity. The
utilization of 18-crown-6 in the reduction of Me2BPI� H (2-H)

Figure 6. a) Synthesis of 1-K3 from 1-H. 4.50 eq. K, DME, r.t., 3 d, 84%. b) SC-
XRD of 1-K3 · 4 DME in top view without showing coordinating solvent (left)
and in side view (right). Hydrogen atoms and one additional uncoordinated
DME molecule were omitted for clarity. Thermal ellipsoids are drawn at the
30% probability level. Selected bond lengths and angles are given in Å and
°, rescpectively: N1� C1 1.389(4), C1� N2 1.336(4), N2� C2 1.407(4), C2� C3
1.405(4), C3� C3’ 1.450(4), N1� K1 2.846(3), N1� K2 2.846(3), N2� K2 2.810(3);
N1� C1� N2 115.1(3), C1� N2� C2 121.2(3).

Table 1. Comparison of bond lengths determined by SC-XRD in 2-K · 2 THF, 2-K2 · 18c6 and 1-K3 · 4 DME as representatives for BPI compounds in three
different redox states of the ligand system.

Figure 7. Computed key species and corresponding molecular electrostatic
potentials for the reduction of BPI� . The spin density in BPI2� is also shown.
Energy values are given in kcal/mol. All data have been computed at the
BP86-D3/def2-TZVP level.
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with elemental potassium furnished 2-K2 · 18c6 as a para-
magnetic coordination copolymer, which enabled its structural
and EPR spectroscopic characterization. Reduction of the pre-
ligand BPI� H (1-H) with an excess of potassium in DME enabled
the isolation of 1-K3 adopting the open form of the imino
C2� N2 bond rotamer in which the NNN pincer character of the
ligand is lost and the former imino C� N bond shows anti
conformation. The structural features found in the solid state
were corroborated by the dynamic behavior in NMR measure-
ments and computed rotation barriers. SC-XRD studies of all
obtained compounds correlated bond distances in the con-
jugated π-system and its degree of reduction. As alkali metal
ions are suggested to be redox innocent, the herein-described
redox chemistry is fully ligand controlled. Followingly, this work
benchmarks the reduced oxidation states of the BPI ligand
system. We are convinced that these findings will initiate a
broader coordination chemistry of reduced BPI species as it was
already the case for other NILs like diimines or iminopyridines.

Experimental Section
Despite the synthesis of BPI� H (1-H) and Me2BPI� H (2-H) all
manipulations were carried out under argon atmosphere within
MBraun gloveboxes (MB200 G and Unilab) or using conventional
Schlenk techniques. Used argon was purchased from Air liquide
with a purity grade of 99.999 % and used without further drying. All
manipulations concerning the compounds 2-K2 · 18c6 and 1-K3 were
carried out exclusively within gloveboxes. Solid chemicals were
transferred with spatulas and weighed in with an accuracy of �1%.
If the purity of compounds was below 98 wt% the used amount
was corrected by the impurity factor. Liquid chemicals were
transferred by single-use Injekt® syringes by B. Braun. Filtrations
were conducted by using reversible frits on the Schlenk line or by
using syringe filters within the glovebox. All used chemicals were
purchased from commercials and if not stated otherwise used
without further purifications. Solvents were dried over Na/benzo-
phenone or K/benzophenone, degassed by refluxing and purified
by distillation. Used alkali metals were used as powder, which was
obtained by cooling melted alkali metals while stirring. Ferrocene
and decamethylferrocene as CV standards were sublimed before
use. [nBu4N][Al{OC(CF3)3}4] was synthesized according to the
literature procedure.[38] 1-H and 2-H were synthesized according to
the literature procedure.[35]

NMR spectroscopy. NMR spectra were measured on an Avance Neo
400 or an Avance 300 spectrometer. 1H and 13C chemical shifts are
referenced to the used solvent referred to TMS.[39]

cw-EPR spectroscopy. Continuous wave EPR spectroscopy (cw-EPR)
was performed at X-band on a Bruker EMXplus spectrometer. The
field was calibrated by using 2,2-diphenyl-1-picrylhydrazine (DDPH)
with a g value of 2.0036.[40]

CV. Cyclic voltammetry measurements were performed with an
Autolab potentiostat by Metrohm (AUT40259) and an electro-
chemical cell within a glovebox. A freshly polished Pt disk working
electrode by Metrohm, a Pt wire as counter electrode, and a Ag
wire as (pseudo) reference electrode was used. As electrolyte
[nBu4N][Al{OC(CF3)3}4] (0.01 M in THF) was used. Potentials were
calibrated against the Fc/Fc+ couple by internal standardization
with ferrocene or decamethylferrocene. For decamethylferrocene in
THF a redox potential of � 427 mV vs. the Fc/Fc+ couple was
considered.[41]

FT-IR. IR spectra were measured using the ATR technique
(attenuated total reflection) on a Bruker Vertex 70 spectrometer in
the range from 4000 cm� 1 to 400 cm� 1. The intensity of the
absorption band is indicated as vw (very weak), w (weak), m
(medium), s (strong), vs (very strong), and br (broad).

SC-XRD. Diffraction data were measured using a Stoe IPDS II
diffractometer and graphite-monochromated MoKα (0.71073 Å)
radiation or Stoe STADIVARI diffractometer and GaKα (1.34134 Å)
radiation. Absorption corrections were carried out using the STOE
LANA software package.[42] Structure solution were carried out using
OLEX2 1.5[43] by dual-space direct methods with SHELXT,[44] by full-
matrix least-squares refinement using SHELXL-2014/7.[45] All non-
hydrogen atoms were refined anisotropically. The contribution of
the hydrogen atoms, in their calculated positions, was included in
the refinement using a riding model.

Deposition Numbers 2265570 (for 2-Li·THF), 2265571 (for 2-K · 2
THF), 2265567 (for 2-K2 · 18c6) and 2265568 (for 1-K3) contain the
supplementary crystallographic data for this paper. These data are
provided free of charge by the joint Cambridge Crystallographic
Data Centre and Fachinformationszentrum Karlsruhe Access Struc-
tures service. For further details, see section 7 of the Supporting
Information.

DFT calculations. See details in the Supporting Information.

Synthesis of compounds. Detailed NMR signal assignments as well
as FT-IR and elemental analysis characterization are given in the
Supporting Information.

2-Li: 200 mg 2-H (611 μmol, 1.00 eq.) and 72.8 mg LiH (9.16 mmol,
15.0 eq.) were suspended in 10.0 mL THF and stirred at ambient
temperature overnight. The suspension was filtered by syringe filter
and the solvent was removed under reduced pressure. The
remaining solid was dried at 10–3 mbar at ambient temperature for
6 hours. 2-Li was obtained as yellow solid (145 mg, 435 μmol, 71%).
m.p. ~260–270 °C (dec.) 1H NMR (298 K, 300 MHz, THF-d8): δ=8.26–
8.15 (m, 2H, CH), 7.85 (dd, J=5.3, 3.2 Hz, 2H, CH), 7.46 (dd, J=7.4,
2.0 Hz, 2H, CH), 7.40 (dd, J=5.4, 3.0 Hz, 2H, CH), 6.75 (dd, J=7.2,
5.1 Hz, 2H, CH), 2.48 ppm (s, 6H, CH3).

13C NMR (298 K, 101 MHz,
THF-d8): δ=168.5 (Cquart.), 161.6 (Cquart.), 146.0 (CH), 143.4 (Cquart.),
138.6 (CH), 132.1 (Cquart.), 129.8 (CH), 121.9 (CH), 117.6 (CH),
19.5 ppm (CH3).

7Li NMR (156 MHz, THF-d8): δ=1.86 ppm.

2-Na: 200 mg 2-H (611 μmol, 1.00 eq.) and 16.1 mg NaH (672 μmol,
1.10 eq.) were suspended in 8.00 mL THF and stirred at ambient
temperature for one hour. The obtained suspension was filtered by
syringe filter and the solvent was removed under reduced pressure.
The obtained solid was dried at ~10–3 mbar at ambient temperature
for ~4 h to give 2-Na·THF. The solid was then dissolved in 3.00 mL
toluene and heated to reflux for ~30 min while enabling the
evaporation of THF which resulted in precipitation of 2-Na. The
solvent was removed under reduced pressure and the remaining
solid was dried at ~10–3 mbar at ambient temperature for ~2 hours.
2-Na was obtained as yellow solid (180 mg, 515 μmol, 84%). m.p.
~260–270 °C (dec.) 1H NMR (298 K, 400 MHz, THF-d8): δ=8.05 (dd,
J=5.2, 1.9 Hz, 2H, CH), 7.79 (dt, J=5.4, 2.5 Hz, 2H, CH), 7.42–7.39
(m, 2H, CH), 7.37 (dd, J=5.4, 2.9 Hz, 2H, CH), 6.69 (dd, J=7.2, 5.1 Hz,
2H, CH), 2.34 ppm (s, 6H, CH3).

13C NMR (298 K,101 MHz, THF-d8): δ=

169.3 (Cquart.), 164.0 (Cquart.), 145.9 (CH), 143.8 (Cquart.), 138.1 (CH),
130.0 (Cquart.), 129.3 (CH), 121.4 (CH), 116.9 (CH), 19.2 ppm (CH3).

2-K: 500 mg 2-H (1.53 mmol, 1.00 eq.) and 64.3 mg KH (1.60 mmol,
1.05 eq.) were suspended in 8.00 mL THF and stirred at ambient
temperature for one hour. The solvent was removed under reduced
pressure and the residue was treated with 20.0 mL toluene. The
obtained suspension was refluxed for several minutes which
afforded full dissolution of all solid material. Storage of the solution
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at 6 °C overnight afforded precipitation of the product. The mixture
was filtered and the obtained solid was dried under reduced
pressure giving 2-K as bright green solid (429 mg, 1.17 mmol,
77%). m.p. ~260–270 °C (dec.) 1H NMR (298 K,400 MHz, THF-d8): δ=

7.95 (d, J=5.0 Hz, 2H, CH), 7.67 (s br., 2H, CH), 7.31 (dd, J=10.7,
6.6 Hz, 4H, CH), 6.61 (dd, J=7.3, 5.0 Hz, 2H, CH), 2.16 ppm (s, 6H,
CH3).

13C NMR (298 K,101 MHz, THF-d8): δ=168.78 (Cquart.), 165.46
(Cquart.), 145.63 (CH), 143.60 (Cquart.), 137.60 (CH), 129.8 (Cquart.), 129.05
(CH), 121.32 (CH), 116.79 (CH), 18.85 ppm (CH3).

2-K2·18c6: 300 mg 2-H (916 μmol, 1.00 eq.), 75.2 mg potassium
metal (1,92 mmol, 2.10 eq.) and 509 mg 18-crown-6 (1.92 mmol,
2.10 eq.) were suspended with 20.0 mL THF. The mixture was stirred
at ambient temperature for 7 days and subsequently filtered by
syringe filter. The dark green filtrate was kept at � 30 °C for 3 weeks
which afforded crystallization of 2-K2 · 18c6. The solvent was
removed by decantation and the obtained crystals were washed
with 3.00 mL n-pentane to give 184 mg of 2-K2 · 18c6. Storage of
the mother liquor at � 30 °C for 3 months afforded another 90.0 mg
of the product as crystalline material. Conclusively, 2- K2 · 18c6 was
obtained as black solid (274 mg, 410 μmol, 45%). m.p. ~200–210 °C
(dec.) g value: 2.0066.

BPI-K3: 300 mg BPI� H (1.02 mmol, 1.00 eq.) and 176 mg potassium
metal (4.51 mmol, 4.50 eq.) were suspended in 25.0 mL dimeth-
oxyethane and stirred at ambient temperature for three days. The
mixture was filtered and the filtrate was stored at � 25 °C overnight
which afforded BPI-K3 · 4DME as dark red crystals. The solution was
decanted while still cold and the crystals were washed with � 25 °C
cold n-pentane. The washed crystals were dried at 10� 3 mbar for
4 hours at ambient temperature. The product was obtained as black
crystalline solid (348 mg, 0.837 mmol, 84%). m.p. not determined.
1H NMR (193 K, 400 MHz, THF-d8): δ=7.72–7.41 (m, 2H), 6.85 (m,
2H), 6.69–6.46 (m, 2H), 6.42–6.23 (m, 2H), 6.18–5.82 (m, 2H), 5.63–
5.32 ppm (m, 2H).13C NMR (193 K, 101 MHz, THF-d8, 193 K): δ=

166.46, 164.82, 149.80, 135.67, 134.26, 123.52, 121.12, 110.13,
101.98 ppm.
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This work reports on the synthesis
and characterization of alkali metal
complexes of BPI and Me2BPI in
reduced oxidation states. CV, EPR and
XRD studies revealed detailed infor-

mation about the unknown lower
oxidation states of BPI, which is well-
established in coordination chemistry
but so far only in its redox-neutral
state.
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