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The treatment of rare-earth-metal aluminata/gallata complexes with the Lewis acids AlMez and ECls (E =
Al Ga) gives access to new group 13 metallacyclic fragments. The reaction of the mixed yttrocene
(CsMes)Y(u-Me)(AlCsHsMe-1-tBu,-3,5) with AlMes produced the bis(heteroaluminato) complex (CsMes)Y
[(3,5-tBuyCsHzAlMe,)(AlMes)]. The reaction of (CsMes)Y(p-Me)(AlCsHsMe-1-tBu,-3,5) with AlCls; gave an
organoaluminium entity with a central chair conformation of alternating aluminium and carbon atoms.
Alternatively, the new Als entity can be interpreted as a monoanionic aluminatabenzene moiety [(1-Me-
3,5-tBuy-CsHsAD(THF)], which is stabilized by the cationic dialuminium fragment [3,5-tBu,-CsHz(AlMe),].
The donor (THF) free Gas homologue was obtained from bis(gallata) “open” lutocene (1-Me-3,5-
tBu,CsHsGa)(p-Me)Lu(l-Me-3,5-tBu,CsHzGa) and GaCls. The reaction of the bis(gallata) lutetium sand-
wich complex with KOtBu gave the potassium coordination polymer [K(1-Me-3,5-tBu,CsHzGa)(THF)],,
which can be converted to the separated ion pair [(1-Me-3,5-tBu,CsHzGa)l[K([2.2.2]crypt)] by addition of
the [2.2.2]cryptand. The isolated compounds were analyzed by H, *C, %Y, and variable temperature *H
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NMR spectroscopy, SC-XRD, IR spectroscopy, and elemental analysis. The bonding of the unsupported
gallatabenzene moiety was further investigated by DFT calculations.

Introduction

The chemistry of 5- and 6-membered heterocycles of the
heavier group 13 and 14 elements — and more specifically the
analysis of their aromatic behaviour - is an ongoing topic in
main group chemistry." For the group 14 elements silicon and
germanium, both the dianionic heterocyclopentadienediides
and the neutral sila- and germabenzenes were first synthesized
several decades ago and feature well-understood structural
motifs (Chart 1).>° In the case of the heavier group 13
elements, the variety of 5- and 6-membered heterocycles is far
more limited.” ™ While alumoles and galloles and their dia-
nionic structures have been investigated for a longer period
(Chart 1),”*° the advances in the chemistry of the monoanio-
nic heterobenzene congeners have remained modest."*** Even
though work in the field of group 13 element heterobenzenes
has been highlighted by the gallatabenzene manganese
complex by Ashe in 1995,' it was further exploited only 20
years later by Yamashita.”>™** The Yamashita group described
a series of transition metal heterobenzene complexes, includ-
ing the first ion-separated lithium aluminata (A)- and gallata-
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benzenes (B). Focus was also put on the extent of aromatic
bonding in such monoanionic metallacycles."*™* In our pre-
vious work, we utilized a di-tBu-substituted pentadienyl ligand
(dtbp, CsH;tBu,-3,5)"> to access rare-earth metal aluminata-
and gallatabenzene complexes, including the (mixed) sand-
wich methyl complexes (CsMes)Y(p-Me)(AlCsHzMe-1-¢Bu,-3,5)
and (1-Me-3,5-tBu,CsH;Ga)(yu-Me)Lu(1-Me-3,5-tBu,CsH;Ga).'*"”

Group 13 Group 13 Group 14
5-membered rings 6-membered rings 6-membered rings
dianionic monoanionic neutral
Et /\Mes Si(iPr)s A
‘I Mes
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Et 9 Et [Li(dme)s]* | Nsi”
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Tokitoh Yamashita Tokitoh
2013 : 2013 2000
Et éMes i SiPy B
' _Mes
@ E Ga . : bt
Et Et : R [Li(dme)3]
gt [Lithn]? Si(iPr)s
Tokitoh Yamashita Tokitoh
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Chart 1 Milestones in the development of group

13 heterocyclopentadienediides’'® and group 13/14 heterobenzenes

(Tbt = 2,4,6-tris[bis(trimethylsilyl)methyllphenyl).>*1213
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While the formation of such heterobenzene-type ligands at
small- to medium-sized rare-earth metals (Lu, Y) was easily
achieved, a conceivable salt-metathesis route utilizing K(2,4-
dtbp) and compounds ECIMe, (E = Al, Ga) to access unsup-
ported metallacycles has been unsuccessful so far. Here, we
describe that an ion-separated potassium gallatabenzene can
be ultimately obtained by betting on the oxophilicity of rare-
earth metals.

Results and discussion

Reactivity of (CsMe;)Y(p-Me)(AICsHzMe-1-tBu,-3,5) (1) towards
AlMe; and AICl;

Previous derivatization reactions of the half-open sandwich
complexes (1-Me-3,5-tBu,-CsH3E)(p-Me)Y(2,4-dtbp) (E = Al, Ga)
revealed that the coordination capability of the 2,4-dtbp ligand
is significantly enhanced via cyclometallation.'® For example,
the open pentadienyl ligand is easily displaced by penta-
methylcyclopentadienyl to afford the mixed yttrocene (CsMe;)Y
(1-Me)(AlICsH;Me-1-tBu,-3,5) (1)."” It was also revealed that the
coordination strength of the aluminata/gallatabenzene ligands
is additionally promoted by a strong interaction of the ring
group 13 element with the methyl group bridging to the rare-
earth-metal centre.'®'” The bridging methyl group could
neither be cleaved by donor molecules nor be abstracted via
the use of trityl borate [CPh;][B(CeF5)4]."®"” We assumed that a
reactivity study involving competitive Lewis acids might give
further insights into the stability of the [Y(p-Me)(AlCsH;Me-1-
tBu,-3,5)] fragment. Therefore, the CsMes-supported alumina-
tabenzene complex 1 was treated with the strong Lewis acids
AlMe; and AICl;. The AlMe; reaction resulted in heteroalumi-
nate formation across the dianionic aluminatabenzene ligand
and the formation of the trimetallic complex (CsMe;)Y[(3,5-
tBu,CsH;AIMe,)(AlMe;)] (2, Scheme 1). Although complex 2
can be readily reproduced and isolated as single crystals, it

AlMe;
toluene
B vacuum
JBu —AlMe:
Me_ H 9 3
Al H
/
MeH™ |
e— % tBu
Q —
%i 0.5AICl3
1 toluene/thf

—[(CsMes5)YCly sMeg 5]

3 (42%)

Scheme 1 Synthesis of half-sandwich heteroaluminate 2 and tetra-
cyclic Als compound 3.
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decomposes under vacuum to precursor 1 and AlMe;, imped-
ing its isolation as a solid bulk material.

As revealed by a single-crystal X-ray diffraction (SC-XRD)
analysis, the pentadienyl backbone of compound 2 displays
conjugated localized double bonds (C2=C3 and C4=C5).
Overall, the molecular structure of 2 is reminiscent of the half-
sandwich bis(aluminate) (CsMe;)Y(AlMe,),," referring to the
quite symmetric coordination of the AIR, fragments to the
yttrium centre (Fig. 1/top). The Y---Al distances (2.7999(6) and
2.8233(5) A) in 2 are shorter than those in (CsMe;)Y(AlMe,),
(2.9257(7) and 3.1112(7) A), while the Y-C distances
(2.5144(17) and 2.8095(17) A) are in the range of those detected
for (CsMes)Y(AIMe,), (2.549(3)-2.655(3) A).*?

In contrast, the tetracyclic Al; species [(1-Me-3,5-tBu,-
CsH;Al)(THF)][3,5-tBu,-CsH;(AlMe),] (3), resulting from the
AlCl; reaction, was isolated as thermally stable crystals. The
formation of 3 seems mainly driven by the co-formation of two
equiv. of the mostly chlorinated half-sandwich species
([CsMes5)YCly sMey 5], which could be separated via extraction
of 3 with n-pentane and verified from the residue as the meta-
thesis products (CsMes;),YCI(THF) and [(CsMes)YCl; sMe, 5] via
proton NMR spectroscopy and SC-XRD.*® Compound 3 fea-
tures a multi-metallacyclic structure (Fig. 1). One cycle com-
prises the atoms Al3-C1-C2-C3-C4-C5 forming a 6-membered
monoanionic fragment. Compared to precursor 1, this 6-mem-

Cc28 c3
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1
M QAH//‘Q’ =%
o> © g~ H17
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\"\cz L:g &3 Bk CT&\% c29
S € v .
c3 CF H15
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Fig. 1 Crystal structures of 2 (top) and 3 (bottom), with ellipsoids set at

50%. For 2, all hydrogen atoms and for 3, methyl hydrogen atoms have
been omitted for clarity. For selected interatomic distances, see the SI.
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bered ring displays minor deviations of the C-C distances
(1.407(4)-1.428(4) A) and shorter Al-C,;,, distances (1.961(3)
and 1.980(3) A) (1: C-C 1.376(3)-1.446(3); Al-Cying 2.016(3) and
2.019(3) A). The second and third cycles incorporate a second
pentadienyl backbone, expanding the formal 6-membered
cycle by another AlMe fragment, in a lid-like structure. This
structural motif can be interpreted as a pentadienyl stabilized-
“bisalumocyclobutane” cation. The second cycle, which
involves the atoms p-Al1-C19-C18-C17-C16-C15-p-Al2, dis-
plays more localized, but conjugated double bonds with C-C
interatomic distances ranging from 1.389(4) A to 1.427(4) A.
The high-valent bonding situation of carbon atom C15 led to
the conclusion that compound 3 is a zwitterionic compound
composed of a monoanionic aluminatabenzene moiety (I,
Scheme 2) and an Al, cationic fragment (I., Scheme 2). The
third cycle, featuring the “bisalumolcyclobutane” moiety Al1-
C19-Al2-C15, displays a hitherto unknown organoaluminium
structural pattern, with common Al-C distances (2.027(3)-
2.042(3) A). Furthermore, the Al1-Al2 distance of 2.6810(14) A
does not indicate any metal-metal interaction. The aluminium
atoms of the “bisalumolcyclobutane” moiety connect to the
ortho-C atoms of the aluminatabenzene moiety with usual Al-
C distances (2.072(3) and 2.071(3) A).

For comparison, fused-ring tricyclic organoaluminium
species featuring a 4-membered Al-C-Al-C were obtained from
hydroalumination of di(tert-butyl)butadiyne with dimethyl-
aluminium hydride.>"** Furthermore, similar 4-membered
metallacycles were also detected in a heptacyclic species orig-
inating from the reaction of EX; (E = Al and Ga) with the tri-
lithium compound 1,3-[PhMe,Si-C(Li)=C(H)],CcH;Li.>* Fully
separated organoaluminium ion pairs include the structurally

(CsMes)YCl,

N
Al —Cl

Cl

Scheme 2 Proposed mechanistic pathway for the formation of com-
pound 3. Aluminatabenzene 1 reacts with AlClz to form the intermediate
I, or 1" (different perspectives) and [(CsMes)YCL,]. Further reaction with
a second equivalent of 1 proceeds via the formation of [(CsMes)YClMe]
and complex 3 possibly involving a cation—anion addition.
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characterized compounds [Me,Al(15-crown-5)][Me,AlCl,] and
[tBu,Al(tmeda)][tBu,AIBr,].>***

Since we were able to isolate the side product [(CsMes)
YCl; sMey 5] and could revert to complex 2 for initiating the
reaction step/path, the following reaction mechanism for the
formation of compound 3 can be proposed (Scheme 2).
Accordingly, complex 1 readily reacts with AICl; forming
[(CsMe;5)YCL,] and intermediate I,. By changing the perspective
of I, to I, it is apparent that the displacement of the remain-
ing chlorido by another equivalent of 1 can take place, with
the cationic part being already in place. Thus, via exchange of
the chlorido against the monoanionic aluminatabenzene
ligand and elimination of [(CsMe;)YCIMe], a formal anion (Ip,)-
cation (I.) combination may lead to the isolation of 3. To
further prove the overall ionic nature of 3, its fragmentation
pattern was investigated by mass spectrometry. By using mild
ionization methods at ambient temperature, the dominant
peak obtained via the electron ionization method was identi-
fied as the cationic fragment I.. Other smaller signals could be
referred to as compound 3 and 3-THF-CHj;.

Reactivity of bis(gallatabenzene) lutetocene (1-Me-3,5-tBu,-
CsH;Ga)(p-Me)Lu(1-Me-3,5-tBu,-CsH;Ga) (4) towards GaCly
and KOtBu

Since gallium forms more covalent Ga—C bonds, the respective
abstraction of a gallatabenzene moiety from a rare-earth-metal
complex should increase the feasibility of ion fragmentation in
solution. Therefore, we examined the corresponding reactivity
of the previously published and fully characterized bis(gallata-
benzene) lutetium sandwich complex (1-Me-3,5-tBu,-CsH;Ga)

GaCly
n-hexane
—[LuCl3]
5 (79%)
I\'/Ie
2 KOtBu | H Gy
n-hexane/thf i %" Al
— [LuMe(OtBu),]

tBu “tBu

H n

6 (68%)
[2.2.2]crypt
Etz(/ thf
Me

H
e/
tBu tBu
H 7 (85%)

Scheme 3 Metathetical synthesis of Gaz compound 5 and polymeric
potassium salt 6, which can be converted to ion-separated complex 7
via addition of cryptand.
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(r-Me)Lu(1-Me-3,5-tBu,-CsH;Ga) (4, Scheme 3)."7 Gratifyingly,
the GaCl; reaction gave compound [(1-Me-3,5-tBu,-CsH;Ga)
(1-Me),-3,5-tBu,-CsH;(p-Ga),] (5) as the THF free heavier hom-
ologue of compound 3. Due to the presence of two gallataben-
zene moieties in 4, compared to the single aluminatabenzene
moiety in precursor 1, the formation of 5 requires only 1 equiv.
of GaCl;. Comparing both SC-XRD structures of 3 and 5, no
significant difference is detected in the overall bonding situ-
ation. However, the Ga-C and C-C ring distances in compound
5 differ more than expected (Fig. 2). The anionic 6-membered
ring moiety involving Ga3-C1-C2-C3-C4-C5 revealed com-
paratively shorter C-C distances (1.395(6) and 1.399(6) for C2-
C3 and C3-C4, respectively), indicating a higher degree of con-
jugation and aromaticity. This is also reflected in the Ga-C dis-
tances (1.946(4) and 1.953(4) A), which are shorter than the
Al-C distances in compound 2. The Ga-Ci,g distances are
comparable to those in the heteroadamantane cluster
[(GaEt)s(CEt),] (1.965(4)-1.992(7) A), obtained via hydrogalla-
tion of propyne with Me,GaH,*® and in Yamashita’s lithium
gallatabenzene [1-Mes-2,6-Si(iPr;),CsH;Ga]Li(dme) (1.939(3)
and 1.941(3) A)."* The metallacycle comprising Ga1-C15-C16-
C17-C18-C19 features allylic C-C bonding in the pentadienyl
backbone, instead of two conjugated double bonds, with three
almost equal C-C distances (1.432(5), 1.401(5) and 1.412(5) A).

Exploiting the highly oxophilic character of rare-earth
metals, gallatabenzene displacement from complex 4 was also
achieved by treatment with KOtBu. Accordingly, the potassium
salt [(1-Me-3,5-tBu,-CsH;Ga)K(thf)], (6) could be accessed in
good yield (Scheme 3, Fig. 3/top). Coordination polymer 6
allows a more detailed view of the bonding situation and
potential aromaticity of the gallatabenzene moiety. The gallata-
benzene coordination to the potassium entails only a minor
distortion of the gallium atom out of the ring plane (0.01 A).
Enhanced participation of the Ga-C bond in the conjugated
ring system is further revealed by shorter Ga-C ring distances
of 1.895(5) and 1.893(5) A. For comparison, the terminal Ga-
Cmetnyl distance measures 1.963 A. The C-C ring distances
range from 1.395(6) to 1.424(6) A.

C14

© .

c19 . C18
C28

Ga3 N @
H1 ¢ /N _ Y cat
C1 @029
c2

“ H15

H17

v

CSQ/.Q c

Fig. 2 Crystal structure of 5, with ellipsoids set at 50%. Methyl hydro-
gen atoms have been omitted for clarity. For selected interatomic dis-
tances, see the SI.
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Fig. 3 Crystal structures of polymer 6 (top, repeat unit) and ion pair 7
(bottom), with ellipsoids set at 50%. All hydrogen atoms have been
omitted for clarity. For selected interatomic distances, see the SI.

The "H NMR spectrum of compound 6 in thf-dg displays
the hydrogen atoms at the C1/C5 (ortho) and C3 (para) ring
positions at lower fields (6.63/5.74 ppm) compared to precur-
sor 4, corroborating an enhanced aromatic character of the gal-
latabenzene, despite the coordination of potassium. The K-
Cring distances in 6 are in the range from 3.095(4) to 3.323(5) A
and the K---Ga distance amounts to 3.4458(11) A. For further
comparison, Yamashita’s lithium gallatabenzene [1-Mes-2,6-Si
(iPr;),CsH;Ga]Li(dme) exhibits C-C ring and Li-Cy;p,, distances
ranging from 1.396(4) to 1.408(5) A and from 2.301(7) to
2.702(7) A, respectively (Li---Ga, 2.931(6) A)."*> The meta- and
para-ring protons of the lithium gallatabenzene [1-Mes-2,6-Si
(iPr3),CsHsGa]Li(dme) were observed at 8.23 and 6.01 ppm
(CsDg), respectively.™

To further investigate the feasibility of a metal-unsupported
“free” monoanionic gallatabenzene and the effect of potass-
ium coordination on the structure of the 6-membered metalla-
cycle, compound 6 was reacted with [2.2.2]cryptand. As antici-
pated, potassium encapsulation yielded the separated ion pair
[(1-Me-3,5-tBu,-CsH3Ga)|[K([2.2.2]crypt)] (7) (Scheme 3 and
Fig. 3/bottom). However, any significant differences in the
interatomic distances in complexes 6 and 7 were not observed.
The "H NMR spectra revealed slightly distinct chemical shifts
for the ring protons. Accordingly, the ring protons of 6 (6.63/
5.74 ppm versus 6.41/5.57 ppm in 7) indicate a higher degree
of deshielding caused by the coordinated potassium. The

This journal is © the Partner Organisations 2026
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NMR spectra in C¢Dg of ion-separated gallatabenzene [1-Mes-
2,6-Si(iPr3),CsH;Ga][Li(dme);] (B, Chart 1) were found to be
identical to those of gallatabenzene [1-Mes-2,6-Si
(iPr3),CsH;Ga]Li(dme).”® This was interpreted in a way that in
solution dme dissociates from B to give [1-Mes-2,6-Si
(iPr3),CsH;3Ga]Li(dme). Similarly, germanylbenzenylpotassium
derivatives [(1-tBu-CsH,Ge)K], (layer structure) and [1-fBu-
CsH,Ge][K([2.2.2]crypt)] revealed very similar "H NMR chemi-
cal shifts in thf-dg (A5 =~ 0.2 ppm), in agreement with ion sep-
aration and a fully solvated potassium cation in both solu-
tions.?” The '*C resonances of the C1/C5 (ortho), C2/C4 (meta)
and C3 (para) ring positions of gallatabenzene [1-Mes-2,6-Si
(iPr3),CsH;3Ga]Li(dme) in C¢D¢ were detected at 129.5, 148.2
and 103.0 ppm, respectively.> Complexes 6 and 7 revealed the
respective *C NMR chemical shifts at 97.0/161.7/121.2 ppm
and 97.2/159.0/119.7 ppm, respectively. The germanylbenzenyl
anion in the proposed ion-separated [1-tBu-CsH,Ge][K(thf),]
displayed the "*C resonances of the ring carbon atoms at 203.7
(C1/ortho), 130.1 (C2/meta), 112.9 (C3/para), 128.4 (C4/meta)
and 171.2 (C1/ortho),”” which slightly shifted upfield compared
to its neutral germabenzene precursor (cf., Chart 1).

At this point, a more detailed comparison of the monoanio-
nic gallatabenzene moiety of 7 to Yamashita’s unsupported
monoanionic gallatabenzene B (Chart 1) seems expedient.
Both compounds clearly differ with respect to synthesis and
ring substitution. Briefly, gallatabenzene B was obtained from
an aluminacyclohexadiene with GaCl; involving metal
exchange and subsequent reaction of the gallacyclohexadiene
with mesityllithium and finally DME."® The aluminacyclohexa-
diene was accessed from a bis(tri-isopropysilyl)diyne by sub-
sequent treatment with HAliBu,, nBu,SnCl, and pyridine (for
structural drawings, see Chart 1)."> Consequently, gallataben-
zene B displays an ortho silyl substitution, while ours bears
tert-butyl substituents in the meta position (Fig. 4).

As shown in Fig. 4, the crystal structures of 7 and B reveal
slightly different bond lengths within the ring moieties. For 7,
they seem to indicate a strengthening of the Ga-C bonds, rela-
tive to B, and a shortening of the bonds between the carbon
atoms in ortho and meta positions, at the cost of the C(meta)-
C(para) bonds, which are elongated.

Me Mes
‘ 1.975(3) | 2.004(3)
1.898(3) Ga_1.884(3) (iPr)3Si-1.927(3)_Ga 1.927(3) Si(iPr)3
H\ a _\\1/H \5/ \1/
‘ 1.395(3) ‘ 1.411(4)

1.386(4) ‘ § 1.409(4) ‘ §

43 4.

' 2 2
i O
Bu442%340(4)\t8u H 1.4\ 9

06(4)~377.409(4) 1

H H
K([2.2.2]crypt)* Li(dme)s*

Fig. 4 Comparison of the interatomic Ga—C and C-C ring distances of
the two known unsupported gallatabenzenes 7 (left, this work) and B
(right).™® Ring carbon atoms are numbered 1/5 (ortho), 2/4 (meta) and 3
(para).
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To gain more insight into the nature of the bonding within
these substituted gallatabenzene moieties, we carried out DFT
calculations at the B3LYP/6-311++G(d,p) level of theory,*® fol-
lowed by a natural bond orbital (NBO) analysis.>® In a previous
study,'”” the bonding in a DFT model system for a nonsubsti-
tuted monoanionic gallatabenzene was analysed and found to
be very similar to the one reported earlier by Yamashita for
B." Accordingly, the bonding in the heterocycle is character-
ized by polar Ga-C ¢ bonds and a partial delocalization of ©
electron density from the ring carbon atoms into the vacant p
orbital on Ga. Here, we wanted to investigate in more detail,
whether the alkyl and silyl substituents in both systems also
affect the bonding within the gallatabenzene ring, as
suggested by the respective X-ray structures (see above).

Interestingly, in the crystal structure of 7, the ter¢t-butyl sub-
stituents are oriented in different ways, where one C-Me bond
in each case is almost aligned with the ring plane, but both
are pointing in opposite directions (see Fig. 3). A DFT-opti-
mized geometry for 7 confirmed this arrangement and also
revealed an asymmetric bonding within the ring moiety:
interatomic distances on the left- and right-hand sides of the
ring differed slightly, within a range of 0.01-0.02 A (for details,
see the SI). In the crystal structure of 7, this is not clearly dis-
cernible, due to experimental noise and a minor disorder for
one of the substituents. The small differences in bond length
can be attributed to the unequal conformation of the substitu-
ents. This is corroborated by a model system, where both sub-
stituents are related by mirror symmetry, and consequently, all
respective distances are equal (for details, see the SI). While at
first sight these observations might seem insignificant, they
help rationalize the aforementioned bond differences between
7 and B, which are in a similar range (see Fig. 4). Accordingly,
hyperconjugative interactions involving the alkyl and silyl
substituents, respectively, might be the cause for these
differences.

To identify hyperconjugation, the NBO approach was shown
to be ideally suited.’® Against this background, we reoptimized
the DFT geometry of a model system for the gallatabenzene
moiety of B and analysed the bonding in both 7 and B using
NBO methods. A range of geminal and vicinal hyperconjuga-
tive interactions within the heterocycle could be identified for
B, some of them also involving the silyl substituents. Two of
the latter are displayed in Fig. 5 (for further details, see the SI).
They represent the transfer of electron density from a Ga-C ¢
bond and a C-C = bond, respectively, to anti-bonding Si-C o*
orbitals, therefore contributing to the weakening and elonga-
tion of the involved bonds.

For 7, a different set of hyperconjugative interactions was
found. They were smaller in number and, in general, some-
what weaker than those for B. Additionally, the geometries of
two other model systems were optimized, in which the silyl
and alkyl substituents, respectively, were moved from the ortho
to the meta position or vice versa (for details, see the SI). The
results indicated that the position of the substitution is at
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Fig. 5 Selected hyperconjugative interactions in B, representing the
transfer of electron density from a Ga—C o bond (left) and a C—C = bond
(right) to antibonding Si—C ¢* orbitals.

least as important for the bond lengths in the heterocycle, as
the nature of the substituent. It needs to be kept in mind,
however, that for all these cases the differences in bond
lengths are comparatively small.

Finally, we were also interested in the actual number of =
electrons in the heterocycles of 7 and B, as alkyl and silyl sub-
stituents should exhibit distinct electron-donating and -with-
drawing properties, through their hyperconjugative inter-
actions. The results indicate, however, that there are only
minor differences: for 7, the NBO analysis revealed a total of
5.96 electrons in orbitals contributing to the = density of the
heterocycle, compared to 5.89 electrons for B. Nucleus-inde-
pendent chemical shift (NICS)*! calculations for 7 produced
NICS(0) and NICS(1) values of —4.8 and —5.9, respectively.
These numbers differ slightly from the ones reported for B
(2.4 and —4.4),"® but suggest a similar aromatic character for
both systems.

Conclusions

Reactions of simple Lewis acids such as ECl; (E = Al and Ga)
with rare-earth-metal (Ln) supported aluminata/gallatabenzene
complexes give access to new E; multicyclic species. These
compounds contain the known anionic heterobenzene-type
moiety and hitherto unknown pentadienyl stabilized “bisheter-
ocyclobutane” cations, as suggested by mass spectroscopy.
Metathetical Ln — metal gallatabenzene transfer is also feas-
ible by exploiting the oxophilic character of the rare-earth
element. Applying this strategy, the potassium coordination
polymer [(1-Me-3,5-tBu,-CsH;Ga)K(THF)], could be obtained
from potassium tert-butoxide. Coordinative displacement of
the potassium cation with [2.2.2]cryptand generates the separ-
ated ion pair [(1-Me-3,5-tBu,-CsH;Ga)|[K([2.2.2]ctypt)]. For the
unsupported monoanionic gallatabenzene, DFT calculations
in combination with a natural bond analysis revealed that a
range of hyperconjugative interactions are at play, which help
explain the slightly different bonding within the heterocycle,
compared to the related silyl-substituted [1-Mes-2,6-Si(iPr3),-
CsH;Ga][Li(dme)s]. Therefore, the observed structural differ-
ences should not be over-interpreted in terms of a notable

1686 | /norg. Chem. Front,, 2026, 13, 1681-1689
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change in aromaticity. In line with this interpretation, the
different nature of the substituents did not afford notable
differences in the n electron density for these two systems.
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