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ABSTRACT: Anti-van’t Hoff-Le Bel configured p-block element species WGAN,
possess intrinsically high reactivity and are thus challenging to isolate. Ay

Consequently, numerous elements in this configuration, including square-planar RoEEL ?
germanium(IV), remain unexplored. Herein, we follow a concept to reach anti- AC- o

van’t Hoff—Le Bel reactivity by ligand dissociation from a rigid calix[4]pyrrole
germane in its bis(thf) adduct. While the macrocyclic ligand assures square-
planar coordination in the uncomplexed form, the labile thf donors provide
robustness for isolation on a multigram scale. Unique properties of a low-lying
acceptor orbital imparted to germanium(IV) can be verified, e.g., by isolating an
elusive anionic hydrido germanate and exploiting it for challenging bond
activations. Aldehydes, water, alcohol, and a CN triple bond are activated for the
first time by germanium-ligand cooperativity. Unexpected behaviors against
fluoride ion donors disclose critical interferences of a putative redox-coupled
fluoride ion transfer during the experimental determination of Lewis acidity.
Overall, we showcase how ligand lability grants access to the uncharted chemistry of anti-van’t Hoff—Le Bel germanium(IV) and line
up this element as a member in the emerging class of structurally constrained p-block elements.

H INTRODUCTION labile ligands that are deliberated before substrate activation
(Figure 1C). This approach would allow unlocking and

The chemistry of p-block element compounds as a key driver
gauging anti-van’t Hoff—Le Bel reactivity while maintaining

for bond activation reactions and their use as catalysts is a

highly active field of research.! Besides the established robust starting materials and conditions. Herein, the multigram
strategies to enhance the reactivity of p-block elements by scale synthesis, characterization, and reactivity of donor
low oxidation” or valence states,’ manipulation of frontier stabilized calix[4]pyrrolato-germane, [CxGe(thf),] 1 (Cx =
molecular orbital (FMO) energies by structural constraint meso-octaethylcalix[4 ]pyrrolato) is reported (Figure 2A). The
approaches is gaining recent interest.* Accordingly, p-block putative donor-free CxGe features a square-planar global
compounds in non-VSEPR geometries enabled an array of minimum and a germanium-centered LUMO with an even
reactivities previously restricted to transition metals or low- smaller FMO-gap (3.17 €V) compared to the isolated silicon
valent p-block compounds (refs 1—6). While most achieve- derivative CxSi (3.44 eV; see section 4.7 in the Supporting
ments in this area are based on the deformation of group 13 Information (SI)). The observed reactivity outlines how ligand
and 15"“"%"° elements (see Figure 1A for selected examples), dissociation from an unprecedented neutral anti-van’t Hoff—Le
only a few structurally constrained group 14 elements have Bel germanium(IV) leverages reaction modes not observed
been reported.7 However, based on the predicted changes in priorly for this element. Complex 1 is hydrocarbon soluble and
frontier molecular orbital energies, the induced effect should opens multimodal reactivity patterns, including access to the
be most pronour;ced upon the planarization of tetrahedral first anionic hydrido germanate and element-ligand coopera-
group 14 species.” A square planar germanium corrole cation tive (ELC) activation of single and multiple bonds. The Lewis
[TPFC-Ge][B(C¢Fs),] (TPFC = tris(pentafluorophenyl)- acid 1 abstracts fluoride from [SbF4]~, while [PF¢]~ remains

corrole) (Figure 1B) turned out as highly reactive, rendering
solid-state isolation and characterization as unsuccessful.
Despite our recent success in isolating the first square planar
coordinated silicon(IV) species, its broader application also
remains hindered by a straightforward, large-scale synthesis
and its thermal instability, highlighting the remaining
challenges in this field. Hence, we reasoned if anti-van’t
Hoff—Le Bel reactivity could be reached by combining a
structurally constraining, macrocyclic ligand with additional

untouched. This anomaly indicates an electron-coupled
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Figure 1. (A) Examples of structurally constrained p-block complexes, mainly limited to group 15. (B) In-situ generation of 4-coordinate square
planar germanium(IV) cation [TPFC-Ge]. (C) Concept followed in this work.
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Figure 2. (A) Synthesis of 1. (B) Solid state structure of 1, displacement ellipsoids are drawn at 50% probability level, and hydrogen atoms are
omitted for clarity. Selected bond lengths (pm) and angles (deg): dp(Ge—N) 196.5(34), dp(Ge—0) 205.1(27), N1-Ge—N4 177.9(11), N2—Ge—
N3 176.7(11). (C) Frontier molecular orbitals of 1 calculated at the PW6B9S-D3(BJ)/def2-QZVPP//r’*scan-3c level of theory.

fluoride ion transfer and urges caution for the experimental
evaluation of Lewis superacidity with redox-active Lewis acids.

B RESULTS AND DISCUSSION

Initially we attempted the synthesis of a square planar germane
by reacting the potassium salt of the octaethylcalix[4]pyrrole
[K,-Cx]”" with Gel, in noncoordinating solvents such as dcm
and o-difluorobenzene. In the absence of coordinating solvent,
the byproduct KI reacts further, resulting in the formation of

KCxGel. The separation of residual KI and KCxGel was
tedious, and this route was not followed further. The reaction
of [K,-Cx]”® with Gel, in thf resulted in the formation of
[CxGe(thf),] (1) in an isolated yield of 65% at a multigram
scale (Figure 2A). The identity and purity of 1 are established
in solution and in the solid state by NMR and elemental
analysis. The "H NMR spectrum of complex 1 in benzene-d
or dem-d, shows one singlet for the pyrrolic protons and a
single set of signals for the ethyl protons, in line with a pseudo-
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D,;, symmetric species in solution. Interestingly, all signals are
broadened, which is attributed to the dynamic coordination of
thf and the coupled ring inversion of the calix[4]pyrrole
macrocycle. A solution of 1 in CD,Cl, in the presence of 5
equiv of thf shows only one set of signals for both the Ge-
bound and free thf molecules, corroborating the labile binding
of the thf molecules (Figure S4). Single crystal X-ray
diffraction (SCXRD) studies of complex 1 revealed an
octahedral coordinated germanium atom with a planar
[N,Ge] motif, with the Ge atom further coordinated by two
oxygen atoms of thf in the trans position (Figure 2B).
Compound 1 represents the first example of calix[4]pyrrole
complex of germanium.10 The Ge—N,yrge bond distance
(197.50(2) pm) is elongated as compared to [(TPFC)Ge-
(thf),]" (Ge=Nyyerage = 189.6(2) pm), which can be attributed
to the larger cavity size of 1 (7727 pm?) versus [(TPFC)Ge-
(thf),]* (7161 pm?),"" and the cationic charge in the latter.”
The Ge—O,yerge bond distance in 1 (205.1(2) pm) is slightly
shorter than that in [(TPFC)Ge(thf),]* (206.8(4) pm).”*

Having experimentally accessed the desired compound,
some properties were assessed by density functional theory.
The highest occupied molecular orbital (HOMO) of 1 is
delocalized across the ligand backbone, while the lowest
unoccupied molecular orbital (LUMO) remains located at the
germanium level (Figure 2C). This scenario indicates a Ge-
centered Lewis acidity and is desirable for ambiphilic, element-
ligand cooperative reactivity.'” Moreover, calix[4]pyrrolato
complexes with ligand-centered HOMO are known to act as
efficient two- and four-electron transfer reagents, an aspect that
becomes of importance during fluoride abstraction reactivity
(vide infra).**'? The binding enthalpy for the first THF from 1
to a square pyramidal germane is computed to AH4,) =
—17.9 keal mol™" (AG 4em) = —5.9 keal mol™') (DSD-PBEP86-
D3(BJ)/def2-QZVPP+COSMO-RS(DCM)//r*SCAN-3c¢),
thus in line with the observed dynamics in CH,Cl, solution.
The binding enthalpy of the second thf was computed to be
AH gy = —23.9 keal mol™" (AG(gem) = —13.0 keal). The thf-
free compound features a global minimum in an ideal anti-
van’t Hoff—Le Bel configuration, with a germanium-centered,
p.-type LUMO, and a significantly smaller FMO gap (3.17 eV)
compared to the related tetrapyrrolato germane with a
tetrahedral ground state (6.76 eV, SI section 4.7). Removal
of the labile thf ligands could not be achieved experimentally
by prolonged exposure to high vacuum. Heating complex 1 at
80 °C under a high vacuum leads to decomposition of the
sample. We reasoned that the dynamic binding would enable
mirroring the peculiar nature of the anti-van’t Hoff—Le Bel
species.

The structural constraint enhanced Lewis acidity was
pursued first by the formation of the elusive hypercoordinated
germanium species. Reacting 1 with PPh,Cl in dem induced
complete conversion to the chlorido germanate,
PPh,[CxGeCl] (2) (Figure 3A). SCXRD analysis of 2 verified
this first example of an anionic GeN,Cl motif (Figure S74).12
The Ge—N distances in 2 (193.7(11)-195.0(11) pm) are
slightly elongated in comparison to 1 (197.5(2) pm), and the
Ge—Cl bond length (217.3(3) pm) in 2 is similar to previously
known neutral Ge—Cl complexes.'* The '"H NMR spectrum of
2 showed a singlet for the pyrrole protons and a 2-fold set of
signals for the ethyl group, which indicate a C,, symmetry at
the NMR time scale. The corresponding fluorido germanate,
N"Bu,[CxGeF] (3), was prepared by the reaction with
N"Bu,(Ph,SiF,) in dichloromethane and fully characterized

A)

[Y1IX]

solvent, rt

CxGe-(thf;
[CxGe-(thf)z]] ———

B)

Figure 3. (A) Reactivity of 1 to form the different germanates 2, 3, 4,
and S. 2: [Y][X] = [PPh,][Cl], dem, 16 h, Yield = 80%; 3: [Y][X]
[N"Bu,][SiPhyF,], dcm, 10 min, Yield = 63%; 4: [Y][X]
[NBu,][N;], dem, 1 d, Yield = 82%; 5: [Y][X] = [H][PPh,], (1)
NaBHEt,, 15-Crown-$, toluene, S min, (2) PPh,Cl, dem, 4 h, Yield =
64%. (B) Solid state structure of S. Displacement ellipsoids are drawn
at the 50% probability level. The countercation and the hydrogen
atoms, except the hydride, are omitted for clarity. Selected bond
lengths [pm] and angles [deg]: Ge—N1 191.2(4), N1-Ge—N3
152.6(2), and N2—Ge—N3 151.7(2).

in solution and solid state (see SI section 1.2.4). The '’F NMR
spectrum of 3 showed a resonance at § = —121.3 ppm, which is
significantly downfield shifted compared to neutral [(TPFC)-
GeF] (6 = —156.0 ppm) or bis(Cat™)flourido-germanate (5 =
—141.8 ppm) (Cat™ = perchlorocatecholato).”"> We explain
this downfield shift by the pronounced deshielding caused by
the low-lying LUMO in the parent square-planar germane.
Single crystals of 3 suitable for SCXRD could be obtained as a
PPh,[CxGeF] salt (Figure S75). The anionic N,GeF structural
motif is unknown; [(TPFC)GeF] is the only example of a
related, neutral motif.”"> The Ge—F (175.2(2) pm) bond
distance in 3 is similar to that of [(TPFC)GeF] 173.9(15)
pm.”* The scope of the anions was further explored by the
synthesis of azido germanate, N"Bu,[CxGeN;] (4). The 'H
NMR showed similar spectral features as 3, however,
broadened signals (Figure S16). Despite several attempts,
single crystals of 4 suitable for SCXRD could not be obtained.

Encouraged by the stability of complexes 2—4, we probed
whether an anionic Ge(IV)-hydride could be realized. The
reaction of 1 with NaBHEt; in toluene in the presence of 15-
crown-S resulted in the formation of sodium hydrido
germanate, Na[CxGeH] (Na-5), which was subsequently
converted to PPhy-salt PPh,-5 by the reaction with PPh,Cl
(Figure 3B). Complex 5 represents, to the best of our
knowledge, the first reported anionic hydrido germanate.'® In
the 'H NMR spectrum of PPh,-5, a resonance at 6 = 7.24 ppm
was observed for the germanium-bound hydride. Literature
reported resonances for neutral Ge(IV) hydrides are found in
the range § = 4—6 ppm.'” The solid-state ATR (attenuated
total reflection) spectrum shows a band at ¥ = 2118 cm™!
corresponding to the Ge—H stretching mode (Figure S24),
which is comparable to modes of neutral germanium hydrides
(¥ = 1733—2120 cm™').'”'® These features are reminiscent of
the corresponding hydridosilicate,”” and showcase the strong
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prym— N"Buy[CxGe-F]
3d, Selective [CxGe] 445 (233)
reaction
[CxGe-(thf),] [CxGe(thf)] 383 (160)
1 [CxGe(thf),] 1 229 (69)
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Figure 4. (A) Reactivity of 1 regarding its ability to abstract a fluoride ion of anionic fluoride adducts of the Lewis acids BF;, PFs, and SbF;. (B)
Solid phase structure of 3, PPh, and the hydrogen atoms are omitted for clarity; thermal ellipsoids are drawn at 50% probability level. Selected
bond lengths [pm] and angles [deg]: Ge—F 175.2(1), Ge—N1 193.1(2), N1-Ge—N3 161.3(8), N2—Ge—N4 161.1(8). (C) Computed FIA for gas

phase FIA, and solvation corrected FIA, (dem).

electron withdrawal and bond strength from the LUMO
energy lowering in the underlying square planar germane.
The most commonly used methods for the experimental
quantification of effective Lewis acidity'” are the Gutmann—
Beckett’” and Childs’' method. Both methods were found
unsuitable for 1, since Et;PO (Gutmann—Beckett) and a,f-
unsaturated carbonyls (Childs) both react with the ligand
backbone by element-ligand cooperativity (vide infra). Hence,
the computed fluoride ion affinity (FIA) was consulted to
benchmark the global Lewis acidity of 1. The FIA for the
coordinatively saturated germanium in 1 is low (229 kJ mol ™",
Figure 4C). Owing to the experimentally observed lability of
THF, we computed the FIA of the mono thf adduct
[CxGe(thf)], yielding 383 kJ mol™" (in gas phase) and 161
kJ mol™ (solvent corrected) (see section 4.2 of SI for details).
These, and even the values of the donor-free species (445 kJ
mol™"), revealed a Lewis acidity substantially below that of
Lewis superacidic SbF; (FIA(SbFs) = 487 kJ mol™'/
FIA,;,(SbF,) = 330 kJ mol™"). Still, we decided to check the
computational FIA values experimentally by competition
experiments with salts of [BF,]” (FIA(BF;) = 338 kJ mol™'/
FIA(BF;) = 238 kJ mol™), [PF,]~ (FIA(PE;) = 370 kJ
mol™!/FIA;,(PF;) = 246 kJ mol™), and [SbF¢]~ in CD,Cl,,
and the reaction was followed by multinuclear NMR
spectroscopy. In line with computations, complex 1 abstracted
a F~ ion from [BF,”] in N"Bu,BF,, cleanly forming fluoride
adduct 3 within 3 days (Figure 4A). Against the more stable
[PFs ], no reaction was observed even after 3 days (Figure
4A), aligning with the calculated FIA of PF (Figure 4C). To
our surprise, 1 reacted with the most stable [SbF,~] within 16
h at room temperature to completion, which is even faster than
for the much better fluoride ion donor [BF,”]. Analysis of
NMR spectra of the reaction between 1 and PPh,[SbF]
showed a product mixture with at least two significant species
forming. One of the products was identified as PPh,-3, and this
was further verified by SCXRD analysis (Figure S75).
Although the exact nature of a second major product could
not be determined, the 'H and *C{'H} NMR spectra of the
reaction mixture show characteristic signals of a dearomatiza-
tion of the pyrrole rings and a double protonated ligand-
backbone (protonation at the a-C of pyrrole ring, SI section
1.2.7.6). The source of protons remains unknown but indicates
radical pathways initiated from oxidized intermediates of 1.
Calix[4]pyrrolato ligands are known for their ability to partake
in redox processes.””'”'> The tetraanionic form of the
calix[4]pyrrolato ligand is readily oxidized with the simulta-
neous formation of a C—C bond between two adjacent pyrrole

rings, referred to as A-form. This form is known to react
further, frequently leading to ligand decomposition.®>'*"*
Hence, we suspected the reactivity of 1 with [SbF¢]™ to
include a redox event, which combines the abstraction of the
fluoride ion from [SbF¢]~ with the oxidation of a calix[4]-
pyrrolato ligand by the concomitantly formed SbF; (which is
known to be a potent oxidant).”**** Notably, it is unlikely that
either step can happen independently. The FIA; values of
[CxGe(thf)] and even of the parent donor-free germane are
too low for fluoride abstraction from [SbF]~ (Figure 4C). On
the other hand, a reduction of [SbF¢]™ by 1 should not be
thermodynamically feasible, since compound 1 is not a potent
reductant, showing irreversible two-electron oxidation at 0.35
V vs ferrocene/ferrocenium (Figure S81), while SbF,~ not an
oxidant.”* Instead, we propose that the reaction proceeds by a
fluoride-coupled electron transfer, reminiscent of proton-
coupled electron transfer, that leads to substantial barrier
lowering and thermodynamic modulation.””

Fluoride ion abstraction continuously increases the
oxidation potential of F---SbF;, which concomitantly oxidizes
the calix[4]pyrrolato ligand. The Sb(III)F,>" byproducts serve
as fluoride ion sources that lead to the partial formation of 3.
Notably, releasing a strong oxidant (SbF;) appears to be
crucial to driving the reaction, as a similar reaction does not
proceed with [PF]~, which would form the much weaker
oxidant PF;. Although this proposal withstands a detailed
analysis due to the disruptive nature of the reaction and the
variety of formed products, its mere observation outlines an
important aspect: a successful fluoride abstraction from
[SbF,~] does not confirm Lewis superacidity per se (FIA >
SbF;), since the involvement of the redox process can have a
significant effect on the outcome, if the Lewis acid in question
is redox-active. Hence, we recommend including the reaction
with redox-innocent [PF;"] and [BF,”] in the experimental
verification of Lewis superacidity.

In complex 1, germanium-centered LUMO and ligand-
located HOMO are suitable for cooperative bond activation.
We started to investigate such reactivity with simple carbonyls.
An NMR scale reaction of compound 1 with p-nitro-
benzaldehyde resulted in an element-ligand cooperative
addition of the C—O bond (Figure Sa and Figure S63). The
reactivity of 1 with isopropyl alcohol was also tested, yielding
complex 6, [F'CxGe-O'Pr] (*Cx = monoprotonation at a-C),
through O—H bond addition over Ge and a-carbon of the
pyrrole ring (Figure 5a). Complex 6 was fully characterized in
solution and the solid state (see SI). Up to this point, the
structurally constrained Ge(IV) species behaves similarly to
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Ar = p-NO,~(CgHy)

No reaction with

pure CO,
&
. Stable under O,
SeIGCt_IVe atmosphere
reaction
with H,0

Figure S. (A) Reactivity of 1 toward different substrates. (B) Solid
phase structure of 7. Displacement ellipsoids are drawn at 50%
probability level. Hydrogen atoms, except H1 and H2, are omitted for
clarity. Selected bond lengths [pm] and angles [deg]: Ge—O
176.6(1), Ge—N1 191.9(2), Ge—N4 202.4(1), N4—C1 130.4(3),
C1-C2 1459(2), C2—C3 134.4(3),C3—C4 149.5(2), N4—C4
146.0(2), N1—Ge—N3 144.5(6), N2—Ge—N4 166.2(6).

the square planar calix[4]pyrrolato aluminate anion.”® To
investigate a potential reactivity with dioxygen, as observed for
the aluminate,”” we tested the behavior of 1 toward air. To our
surprise, exposing a solution of 1 in thf to air led to a selective
reaction, but this time with water. The 'H NMR spectrum of
the reaction mixture showed characteristic signals for one
dearomatized pyrrole ring (6 = 8.09 and 7.26 ppm). The
reaction product was isolated as the compound [FCxGe—OH]
(7) (Figure Sa). SCXRD analysis of 7 confirmed the selective
element-ligand cooperative addition of H,O (Figure Sb).
Accordingly, unlike calix[4]pyrrole aluminates or gallates,
complex 1 neither reacts with dry O, nor with dry CO,.”*’
Following the concept of labile donors like thf to access anti-
van’t Hoff—Le Bel reactivity, we tried to vary the axial ligands
toward stronger and weaker ends. By dissolving 1 in pyridine,
the bis-pyridine adduct [CxGe-py,] 1-py, was easily accessible
(SI section 1.2.8). The binding enthalpy for the first pyridine
from 1 to a square pyramidal germane is computed to AH 4.,
= —19.1 kcal mol™ (AG(4em) = —6.9 keal mol™"), thus more
firmly bound compared to THF. The binding enthalpy of the
second pyridine was computed to AH gop) = —32.8 keal mol™
(AG(4em) = —20.5 keal mol™"). Accordingly, the '"H NMR
spectrum of 1-py, with excess pyridine shows two sets of
signals corresponding to free and Ge-bound pyridine (Figure
$69), which contrasts with that of 1 in the presence of excess
thf, showing only one broad signal due to exchange (Figure

S4). Nonetheless, the NOESY NMR spectrum of 1-py, with
excess pyridine still shows exchange signals between the free
and Ge-bound pyridine (Figure S71). Due to the stronger
binding of the pyridine in 1-py, its reactivity is lowered. Even
under harsh conditions, 1-py, does not react, e.g, with
activated benzaldehydes (SI section 1.2.9).

To gauge the reactivity of the square planar compound
stabilized with donors weaker than thf, the acetonitrile adduct
was considered. Subjecting compound 1 toward excess
CH;CN led to forming of a new compound 8 with
substantially lowered symmetry, isolable in 67% yield (Figure
6A). SCXRD analysis revealed an open chain pyrrolato
germanium in distorted trigonal-bipyramidal geometry with
one incorporated unit of acetonitrile (Figure 6B). One pyrrole
ring is rearranged by forming a new Ge—C bond with 190.6(2)
pm, in the typical range of Ge—C single bonds between 190
and 205 pm, and a proton shifted to pyrrole nitrogen.”® The
structure of 8 is also confirmed in solution by the combination
of multinuclear NMR (SI section 1.2.7.3). While the
configuration of the formed olefin in 8 cannot unequivocally
be determined in solid-state structure due to disorder, the Z-
isomer was observed as the major product by a NOESY
correlation between the CHj group and pyrrolic proton
(Figure S44). Thus, while aiming for an even weaker donor
adduct, a new reactivity mode of the calix[4]pyrrole-p-block
class toward nitriles was induced.

Interestingly, a short-lived intermediate could be observed
upon reacting 1 with a small amount of acetonitrile and rapid
NMR spectroscopy, which can be assigned as the primary
element-ligand cooperative addition product (Figure 6C and
Figures S45—549).

We aimed to gain mechanistic insights into the reaction
pathway by DFT calculations (Figure 6D). Starting from the
bis-MeCN adduct [CxGe-(MeCN),], the first step involves
the dissociation of one MeCN molecule and the formation of
pentacoordinate [CxGe-(MeCN)]. The enhanced Lewis
acidity of the pentacoordinate Ge center activates the C—N
triple bond toward nucleophilic attack of the @-C atoms (C10)
to form the corresponding INT1, observed spectroscopically
(Figure 6C). With the possible driving force of reducing strain
of the system, the C3—C10 single bond is elongated until C—C
bond cleavage and the formation of the less strained INT2
with a distorted square pyramidal coordination geometry
follows. This is followed by a series of steps, including C(sp*)—
H (ethyl group) and C(sp*)—H (pyrrolic CH bond) activation
and the formation of two new NH bonds. Due to the multitude
of different pathways coupled with the conformational
flexibility of the eight ethyl groups, we could not fully elucidate
these remaining steps (see section S4.3 in the SI for further
discussion). However, it is shown that the overall reaction
cascade from INT2 to final product 8 is strictly downbhill,
overall supporting the reported reactivity. This sequence
involves, to the best of our knowledge, the first spontaneous
reaction of a CN triple bond by means of a structural
constraint approach. Interestingly, the reaction cascade is
initiated only by deliberating one of the two weakly bound
acetonitriles and in line with our hypothesis to achieve
reactivities within the anti-Van’t Hof—Le Bel manifold by
ligand lability. Compound 8 is also interesting in context of
helical chirality in tetrapyrrole systems for optical polar-
ization.”
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Figure 6. (A) Synthesis of 8 via 1,2-addition product as an intermediate. (B) Solid phase structure of 8. Displacement ellipsoids are drawn at 50%
probability level. Hydrogen atoms are omitted for clarity. Selected bond lengths [pm] and angles [deg]: Ge—N1 198.1(2), Ge—C6 190.6(2), N2—
C8 132.7(4), N2—Ge—N4 120.6(1), N2—Ge—C8 105.3(1), N4—Ge—C6 132.1(9), and N1—Ge—N3 170.1(9). (C) Cut-out of 'H NMR (600
MHz, 298 K, CD,Cl,) spectrum of the intermediate 1,2-addition product with assignment of the signals. (D) Reaction profile of the formation of 8
calculated at the DSD-PBEP86-D3(BJ)/def2-QZVPP+SMD(DCM)//r*SCAN-3c level with possible intermediates and transition states.

B CONCLUSIONS

The present work demonstrates how the reactivity of anti-
Van't Hof—Le Bel germanium(IV) can be explored by ligand
lability from an appropriate hydrocarbon soluble precursor
obtained at a multigram scale. While the calix[4]pyrrolato
macrocycle guarantees square-planarity in the donor-free
germane, two weakly bound thf groups provide robustness.
The precomplex exemplifies the unique behavior of non-

VSEPR germanium toward different ends:

17751

(1) New germanium adducts, including the first anionic
hydrido germanate, are obtained by profiting from the
LUMO energy lowering through planarization.

(2) A counterintuitive trend in experimental, global Lewis
acidity is observed, which can be attributed to the redox-
active nature of the calix[4]pyrrolato ligand framework.
This observation should not be restricted to this specific
substance class but urges caution to each experimental
verification of Lewis superacidity if concomitant redox
chemistry can be expected.

(3) By modulation of donor strength, the reactivity can be

tuned, and diverse element-ligand cooperative bond
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activation modes are leveraged by the beneficial
interplay with the anti-van’t Hoff—Le Bel induced
Lewis acidity enhancement. With acetonitrile as the
weakest donor, an unprecedented activation of a CN
triple bond is disclosed, which allows attractive trans-
formation of the calix[4]pyrrolato framework into a
germanium (IV)-constricted helical structure.”

Overall, this study pushes the potential of structural
constraint approaches to enhance the reactivity of p-block
elements in their most stable oxidation states. Exploiting
element-ligand cooperative substrate activation modes for
catalysis and isolating alternative weak adducts are currently
under investigation.
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