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l Hydrosilylation

Chalice-Type Tridentate Silicon Lewis Acids of C; Symmetry in a
Single Step Starting from Hexadehydrotribenzo[12]annulene

Anna Schwartzen, Jan-Henrik Weddeling, Jana Langosch, Beate Neumann,

Hans-Georg Stammler, and Norbert W. Mitzel*®

/Abstract: Tridentate Lewis acids with aligned functions were
synthesized based on the rigid framework hexadehydrotri-
benzo[12]annulene. The backbone and its fluorinated ana-
logue were synthesised in one-pot syntheses, with alkyne
deprotection and Sonogashira cross coupling reaction being
carried out in one step. Hydrosilylation of the annulene with
chlorohydrosilanes proceeded highly selectively and afford-
ed rigid poly-Lewis acids with three SiCl; or SiCl,Me substitu-
ents perfectly oriented to one side of the molecule in a

single step. The progress of hydrosilylation was investigated
by time-correlated NMR spectroscopic studies. The crystal
structures show that the framework is symmetrically func-
tionalised and the silyl substituents are aligned in one direc-
tion. To increase the acidity of the Lewis acids the chlorosilyl
substituents were fluorinated with SbF,. Further investiga-
tion of hydrometallation reactions (M =B, Al, Ga, Sn) did not
lead to corresponding structures.

/

Introduction

Annulenes are macrocyclic through-conjugated hydrocarbon
systems.? The annulene derivative hexadehydrotriben-
zo[12]annulene (TBA) exhibits special properties for example, a
rigid framework and C; symmetry.”! The first synthesis of this
structure was reported by Eglinton and co-workers in 1966 as
reactions between cuprous acetylides and aryl iodides."* The
trimerisation based on in situ alkyne deprotection and a palla-
dium-copper catalysed reaction of bromophenylacetylene was
developed by Linstrumelle and Huynh in 1988.”

Because of the delocalized m-electrons in TBA derivatives,
these compounds have been investigated in the field of optoe-
lectronic materials,”” aromaticity!” and formation of transition
metal complexes."** Their rigid framework was basis for the
synthesis of multiple-component covalent organic frameworks
(COFs),"" and planar carbon networks."®'? The addition of
hydrophilic side chains opened the access to liquid-crystalline
materials.">'¥
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In the course of our continued investigation of poly-Lewis
acids, we pursued a number of different approaches so far in
order to generate rigid and donor-free frameworks that are ca-
pable of carrying several Lewis acid functions oriented to the
same side of the molecule. Despite the huge body of existing
organic compounds, there remains a distinct paucity in frame-
works with functionalizable groups only on one side that can
serve as donor-free skeletons to construct such poly-Lewis
acids. With such directed poly-Lewis acids we aim to define a
cavity that binds a Lewis basic substrate in chelating fashion
while the defined distances between the binding functions de-
fines chemical selectivity. For bidentate Lewis acids we used
for instance dialkynylanthracenes" or diphenyldiethynylsi-
lanes,"® diphenyldiethenylsilanes as well as diphenyldiethylsi-
lanes""” to carry two acid functions like B(C4F5), AIR,, GaR, and
InR, (R=Me, Et). Tris-Lewis-acids were realized with trifunction-
al skeletons including the bowl-shaped tribenzotriquinacene,!®
tris-(ortho-phenyl)-silane,"” 1,8,13-substituted triptycenes” or
all-cis-1,3,5-triethynyl-1,3,5-trisilacyclohexane®”  carrying the
Lewis acid groups. And recently we succeeded in the synthesis
of a tetrafunctional Lewis acid with four parallel oriented diphe-
nylboranylethynyl functions attached to the same side of an an-
thracene dimer. Common to all these examples is the relatively
high effort to be spent for their synthesis. It would therefore
be highly desirable to find a readily available molecular system
that can be addressed by simple reagents to build up such an
oriented and spatially defined framework in one step.

In this context TBA’s framework seemed well suited for the
synthesis of compounds with Lewis-acid functions oriented to-
wards the same direction because of its rigid and donor-free
structure. In this contribution we describe that it is possible to
use one-pot synthetic strategies to address hexadehydrotriben-
zo[12]annulenes by hydrometallation of their ethynyl units to
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achieve exactly this target. In a so far unexpected way, hydrosi-
lylation leads in a highly selective fashion to tridentate Lewis
acids with oriented functions, that is, the first step of hydrome-
tallation directs the following two reactions in a regio- and ste-
reoselective way.

Results and Discussion

For the syntheses of tribenzoannulenes (TBA) we used a modi-
fied procedure of Huynh etal® As a simple and economical
access to fluorinated benzenes for coupling reactions, we used
a modified procedure of Wenk et al. to synthesize iodofluoro-
benzene 1b.”? Selective Sonogashira coupling reactions® ¥
starting from the revealing arylhalides (1a, 1b) were used to
synthesize the building blocks for trimerisation (2a, 2b;
Scheme 1). Because of the same reactivity of the two iodine
atoms in the coupling reactions of 1b, we isolated the doubly
alkynylated side product 2c (6%, Figure 1), which has a very
interesting stacking behavior—caused by multiple intermolec-
ular interactions—in the solid state (see Figure S29 in the Sup-
porting Information).

R Hal
1a: R=H, Hal=Br
Sonogashira R R 1b:R=F, Hal=1
coupling / R
0]
OH
R Hal (i)
One-pog
R R deprotection
R and coupling

2a: R= H, Hal= Br; (93%) R 3_1_ i (35';]) R
. = =1 0, . = ]
2b: R=F, Hal=I; (45%) 4:R=F: (9%)

Scheme 1. Synthesis cascade for tribenzo[12]annulenes (TBA) 3 and 4. Re-
agents and conditions: i) 1. 2-methyl-3-butyn-2-ol, iPr,NH, Cul (5 mol.%), 2a:
PdCl,(PPh,),, r.t., 3 d; 2b: Pd(PPh,),, 85°C, 6 d; 2. aq. workup ii) 1. NaOH,
benzene, Cul, benzyltriethylammonium chloride, PdCl,(PPh,),, 3 d, 3: rt., 4:
85°C; 2. ag. workup.

Figure 1. Molecular structure of 1,2-bis(3-methyl-1-butyn-3-ol-1-yl)-3,4,5,6-
tetrafluorobenzene (2c) in the crystalline state. Hydrogen atoms of methyl
groups were omitted for clarity. Thermal ellipsoids are drawn at 50% proba-
bility level. H1 and H2 were refined isotropically.
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The following one-pot reactions have a great advantage, be-
cause the in situ alkyne deprotection of 2a, 2b and the cyclo-
trimerization reaction can be done without further workup.

The purification by column chromatography was tracked by
UV light (=365 nm) because the compounds fluoresce in
yellow. Two new polymorphs of TBA, 3a and 3b, were inde-
pendently found and structurally determined by X-ray diffrac-
tion of single crystals (Figure 3). In contrast to the structures
determined by Schmidt®’ and Tagawa,”® we found two annu-
lene molecules in each asymmetric unit of the unit cells of
polymorphs 3a and 3b.

Molecules in 3b aggregate in dimeric structures with parallel
displaced orientation of the annulene molecules, with three in-
dependent centroid-centroid distances between the benzene
units [4.076(2); 4.620(2); 4.735(2) Al. Every dimer is corner-con-
nected by an aryl-aryl-interaction between two benzene units
[centroid-centroid distance: 3.826(2) A] leading to polymeric
structures along the c-axis. The interplanar distance within the
dimer of 3.460(2) A, was defined as the distance between the
centroid of the twelve-membered annulene ring to the plane
of the neighbouring annulene ring system. The interplanar dis-
tances in Figure 2 are displayed as a schematic representation.
Molecules of 3a forms columnar stacks with two different
packing motifs A and B (Figure 2). For motif A the edge of one
annulene molecule sits right atop the centre of the neighbour-
ing annulene in the crystal lattice, while for motif B the annu-
lene molecules overlaps in a side-to-edge motif. The interpla-
nar distances between the twelve-membered annulene cent-
roids and the plane of the neighbouring layers within the col-
umns are slightly different [A: 3.315(1) A; B: 3.371(1) A]. Addi-
tionally, multiple aryl-aryl and aryl-acetylene interactions can
be found (Table 1). 3a is the first columnar structure found
for 5,6,11,12,17,18-hexadehydrotribenzola.e.icyclododecene 3
known so far.

We also tested the alternative step-by-step protocols for
TBA 3. In these procedures, starting from 1-bromo-2-iodoben-
zene®®” or 2-iodoaniline,”® the annulene derivatives are built
up by alternating coupling and deprotection reactions. These
syntheses are considerably more complex and achieve no
higher yields than the one-pot synthesis for TBA 3 described
above (one-pot: 35%, step-by-step: 34%").

Fluorinated TBA 4 was prepared under analogous conditions
with the usual low yields (9%, lit. 8%"”) for cyclisation reac-
tions of tribenzoannulenes.®" The biggest problem for the cyc-
lisation reactions is the formation of higher homologues like
octadehydrotetrabenzo[16]annulenes (QBAs, Figure 3) and re-
cently has been investigated in detail by Baxter etal.*?
Many conditions were tested to investigate their effect on the
formation of side-products, but the relationships still remain
unresolved. We also observed the formation of these side-
products during our one-pot syntheses for tribenzo[12]annu-
lenes 3 and 4 via NMR-spectroscopy. Unexpectedly, we
obtained very small amounts of single-crystalline material
of 1,2,3,4,7,8,9,10,13,14,15,16,19,20,21,22-hexadecafluoro-
5,6,11,12,17,18,23,24-octadehydrotetrabenzola.e.i.m]-cyclohexa-
decene (QBA 4a), which has not been described so far.

© 2020 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH
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Figure 2. Molecular structures and aggregation of 3a/b in the crystalline state. Displacement ellipsoids are drawn at 50% probability level. Hydrogen atoms
are omitted for clarity. The interplanar distances are displayed as a schematic representation. Both solid-state structures contain two annulene molecules in
the asymmetric unit. 3 b: parallel displaced dimer, 3a: columnar stacks, with packing motifs A, B. Symmetry operation for generating equivalent positions:

3a:+x, +y, —1+z3b: 14+x +y +z

Table 1. Structural parameters of crystal structures of the new poly-
morphs 3a and 3b, compared to literature-known structures.
Compound 3b 3a
packing motif - A B
Interplanar 3.460(2) 3.315(1) 3.371(1)
distance [A]
eertr-cente [A] 4.076(2) 5.072(1) 4.651(1)
4.620(2) 5.076(1) 5.076(1)
4.735(2) 5.307(1)
3.826(2)
Aeentrc—c [A] 3.346(2) 3.729(1) 3.373(1)
3.369(1) 3.964(1) 3.444(1)
4.048(1) 3.987(1)
3.736(1)
3.785(1)
dec [A] 3.190(5) 3.254(3)
(C3-C30) (C35-C40)

The columnar arrangement of QBA 4a is not common for
such tetrabenzo[16]annulenes. Usually they prefer to aggre-
gate in chains with only two intermolecular benzene-benzene
contacts between the neighboring molecules in the crystal lat-
tice.”® The molecule resides on a two-fold axis of the space
group C2/c, so it shows a perfect columnar arrangement with
a distance between the layers and the benzene units corre-
sponding to the length of the b-axis of 3.710(1) A. The back-
bone is clearly non-planar, with the tetrafluorobenzene groups
being alternatingly directed up and down, the mean plane
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angles of the benzene rings to the a-c plane of the unit cell
are 24.3(1)° resp. 24.0(1)°; they form an angle of 33.8(1)° with
each other. This strong distortion is not surprising, because the
angles of the four ortho-positioned acetylene groups add up
to 240° instead of 360°, which is required for a relaxed ring
system. All bond angles of the ring system change so that
they reduce this steric pressure (see Table S2). This arrange-
ment is not favored by aromatic ring systems because of elec-
trostatic repulsion of their quadrupoles. Our group recently
found the eclipsed orientation of perhalogenated flexibly-
linked aryl groups to be stabilized by London dispersion inter-
actions (CgHs < C4Fs < CClg).BY

Overall we have established protocols for the synthesis of
TBAs 3 and 4 in a few steps and acceptable yields. In the fol-
lowing we describe hydrometallation reactions using these
TBAs.

Hydrosilylation reactions

Tribenzo[12]annulene 3 was converted into triply silylated
compounds with SiCl,Me and SiCl; groups in hydrosilylation re-
actions of TBA 3 with HSiCl,Me and HSIiCl,, respectively
(Scheme 2). The reactions were conducted in the correspond-
ing silane as solvent. The conversion of the TBA 3 can also be
monitored using UV light. The initial yellow fluorescence of the
solution turns into deep blue after completion of the hydrosily-
lation.

The hydrosilylation reaction of TBA 3 with trichlorosilane
does not proceed quantitatively. It remains incomplete even

© 2020 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH
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Chlorosilanes 5 and 6 are of course mixtures of their two
enantiomers. These cannot be distinguished by NMR spectros-
copy and mass spectrometry. However, surprising is the fact
that only hydrosilylation products of C; symmetry are ob-
tained, that is, the hydrosilylation takes place for all three CC
triple bonds from the same side of the molecule and with the
same regioselectvity.

This demonstrates impressively that the first step of hydrosi-
lylation on the annulene framework determines the regio- and
stereoselectivity of the two consecutive reactions.

The 'H NMR spectrum of annulene 3 shows two multiplets
at 7.35 and 7.18 ppm with an integral ratio of 1:1 (Figure 4),
due to the Dy, symmetry of the molecule. The "H NMR spectra
the chlorosilanes 5 and 6 (Scheme 2) show that the protons at
the benzene rings generate four signals, two doublets and two
triplets. Downfield-shifted singlets belong to the vinyl protons.
In addition, compound 5 shows a highfield-shifted singlet for
the methyl protons of the silyl functions.

The molecular ion peaks in the EI mass spectra of both
chlorosilanes 5 and 6 are of low intensity and the fragmenta-
tion patterns indicate the elimination of the corresponding
silyl groups. Selected 'H and *Si{'H} NMR chemical shifts of
the chlorosilanes 5 and 6 in CDCl; at ambient temperature are
listed in Table 2. These resonance patterns are proof for the C;
symmetry of the triple hydrosilylation products, lower symme-
try would require more signals to be observed. Elemental ana-
lyses of compounds 5 and 6 proved their identity, although

Figure 3. Molecular structure and aggregation of
1,2,3,4,7,89,10,13,14,15,16,19,20,21,22-hexadecafluoro-5,6,11,12,17,18,23,24-

octadehydrotetrabenzo[a.e.i.m]-cyclohexadecene (QBA 4a) in the crystalline
state. Displacement ellipsoids are drawn at 50 % probability level. a) Molecu-
lar structure and labeling, b) side on view on columnar structure, c) top view

5
on columns. Symmetry operation for generating second part of molecule
(14x, +y, 3/2—2) and equivalent positions: +x, —1+y, +z. A ﬂ“ {\ﬂﬂ ,\’\I\Jl/\

Me(s_")Cln§i SiCl,Me(;_p, l

o e

79 78 77 76 75 74 73 72 71 7.0 69
5 [ppm]

HSiCI,,Me(g_,,)
—»
4 Karstedt cat.

2 Figure 4. Comparison of the 'H NMR spectra of tribenzoannulene 3 and its
3 hydrosilylation products with HSiCl,Me (—5) and HSiCl; (—6) in CDCl,.

Scheme 2. Hydrosilylation reaction of annulene 3 with HSiCl,Me and HSiCl,.
Reagents and conditions: i) HSiCl,Me;_,, Karstedt's catalyst (2.2-2.4% Pt in
xylene), r.t., 4 h (5), 7 d (6), 90-97 %.

Table 2. Selected 'H and #Si{'H} NMR chemical shifts (ppm) of com-
pounds 5 and 6 in CDCl; solution. For numbering, see Scheme S1 in the

3 i [35]
after one week of reaction time, although trichlorosilane was | 2UPPorting Information.

expected be more reactive than methylchlorosilane. The Compound 5 (SiCl,Me) 6 (SiCl,)
S'|CI2Me-?ubst|tuted pr.oduct 5 .could' Pe Purlfled by sublima- ArCH— 762 ) 701 6)
tion, while there remain some impurities in the case of 6. An- H4/H10/H16 7.11 (dd) 7.11 (dd)
nulene 3 was also reacted with dimethylchlorosilane, HSiCIMe,, H3/H9/H15 7.06 (dt) 7.12 (dt)
but this reaction proceeded with low conversion rates and in H2/H8/H14 6.96 (d) 7.03 (dt)
H1/H7/H13 6.92 (dd) 6.96 (dd)

an unselective manner. An increase in catalyst or silane con-
centration did not improve the yields.

Sicl,Me,_, 146 —6.1
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carbon values were slightly too low, probably due to silicon
carbide formation.

The SiCl,Me substituted TBA 5 crystallises as racemic twin in
the orthorhombic space group P2,2,2, with four molecules per
unit cell (Figure 5). The proof of symmetrical hydrosilylation by
NMR spectroscopy is fully confirmed by the molecular struc-
ture in the crystal. It shows that the three benzene rings are
bent towards one side of the molecule to form a chalice-type
structure. The cavity formed by these benzene groups can be
described by their distances of the centroids [4.550(1)-
4.926(1) Al. Consequently, the three silyl functions on the
other side of the molecule are also aligned into one direction.
The distances between the silicon atoms, which are potential
acceptor functions, are in a range between 5.600(1) and
5.853(1) A. Furthermore, the double bond surroundings are
not planar because the chlorosilyl functions are bent outwards.
Thus, the torsion angles defining the silicon positions are sig-
nificantly less than 180° [C(23)-C(24)-C(1)-Si(1) 169.4(2)°, C(7)-
C(8)-C(9)-Si(2) 170.2(2)°, C(15)-C(16)-C(17)-Si(3) 166.8(2)°]. All
other bond lengths and angles are in the range of expected
values and deserve no detailed discussion.

The progress of hydrosilylation was monitored time-depend-
ently by NMR spectroscopy. The lower spectrum in Figure 6 is
that of the starting material before addition of the catalyst
and the upper one the product spectrum. Five minutes after
catalyst addition, the NMR spectrum still shows mainly starting

i) c7A)
Figure 5. Molecular structure of compound 5 in the crystalline state. Dis-
placement ellipsoids are drawn at the 50% probability level. Disorder of
C(27) and Cl(6) over two sites (56:44). Minor occupied disordered atoms and
hydrogen atoms are omitted for clarity. a) side on view; b) top view.
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Figure 6. 'H NMR spectra of the hydrosilylation of 3 with HSiCl,Me at differ-
ent reaction times.

material, but also signals of lower intensity for new com-
pounds.

In the spectrum range for vinyl protons, several new reso-
nances are observed. This suggests that singly and doubly hy-
drosilylated products have already been formed. After 25 mi-
nutes, these product signals are clearly visible and subsequent-
ly decrease in intensity, while those signals belonging to the
final product continuously increase in intensity. Complete hy-
drosilylation of annulene 3 is achieved after approximately
four hours, visible in the spectra by a significant simplification
of the spectrum (Figure 6). These results suggest that the first
two hydrosilylation steps are relatively fast, while the last
slower step of hydrosilylation determines the overall reaction
speed.

We also tried to convert fluorinated tribenzo[12]annulene 4
in hydrosilylation reactions. The yellow solution of TBA 4 in
HSiCl,Me turned orange, 30 minutes after adding Karstedt's
catalyst, but the '"F NMR spectrum after workup showed the
formation of many different products. Increase of the catalyst
and application of higher temperatures as well as a change of
solvents did not lead to a useful symmetric conversion.

Fluorination reactions

The Lewis acidity of the chlorosilyl substituted compounds can
be increased by substitution with fluorine atoms. In order to
achieve this, Lewis acids 5 and 6 were reacted with antimony
trifluoride (SbF;) in n-pentane (Scheme 3). The reaction solu-
tions were filtered and residues of SbCl; were separated by
sublimation. We attempted to determine several crystal struc-
tures of fluorosilanes containing different amounts of SbCls.
Due to severe disorder in the crystal and poor R-values, we do
not report more details of these structures, but note that the
antimony atoms lie in chalice of the backbone, as reported for
other chalice-shaped triaryl complexes of SbCl,."?

The 'H NMR spectra of compounds 7 and 8 show similar
signal patterns as compounds 5 and 6, but all signals for the
protons at the benzene rings are slightly low-field shifted. In

© 2020 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH
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Mes_nCl,Si

SiCInME(s_n)
Me(3_,,)CI,,Si

SiF,,Me(;,_,,]

Scheme 3. Syntheses of 7 and 8 by fluorination of 5 and 6 with SbF; (only
one of the enantiomers is shown). Reagents and conditions: i) SbF;, n-pen-
tane, r.t., 24 h, 94-95%.

addition, the resonances of these protons are closer to each
other compared to the resonances of the chlorosilanes 5 and
6. The vinylic proton signals are high-field shifted (Table 2)
compared with the those of the chlorinated analogues. In the
3C{"H} NMR spectrum of compound 7, all carbon atoms in the
vicinity of the fluorinated silyl function show a triplet splitting
due to the coupling to the fluorine atoms of the SiMeF,
groups. Analogously, the "C{'H} NMR spectrum of com-
pound 8 shows corresponding quartet splitting by the SiF;
groups. The *°Si resonances of the silicon atoms of com-
pounds 7 and 8 are strongly low-field shifted due to the sub-
stitution of chlorine by fluorine atoms (Table 3).

Table 3. Selected 'H and #Si{'H} NMR chemical shifts (ppm) of com-
pounds 7 and 8 in CDCl; solution. For numbering, see Scheme 2.
Compound 7 (SiF,Me) 8 (SiF,)
Ar-CH= 7.47 (s) 7.71 (s)
H4/H10/H16 7.15 (m) 7.23 (d)
H3/H9/H15 7.11 (m)

H2/H8/H14 7.06 (dd) 719-7.15 (m)
H1/H7/H13 7.01 (m) 7.07 (d)
Sicl,Me, , —153 (1) —78.5 (q)

In one experiment, we conducted a hydrosilylation and sub-
sequent fluorination, without further purification of the chlorsi-
lane species. Derivate 9, which has its origin in an intermediate
of an incomplete hydrosilylation, was crystallized. The molecu-
lar structure was determined by X-ray diffraction and is depict-
ed in Figure 7. The derivate 9 crystallises in the triclinic space
group P1 with two molecules per unit cell. The single crystals
were obtained by slow evaporation of saturated n-pentane so-
lution. In the resulting molecular structure the distance be-
tween the two silicon atoms is 5.342(1) A. Compared to the Si-
Si distances in the crystal structure of compound 5 [5.600(1)-
5.853(1) Al, the distance in the doubly hydrosilylated annulene
derivative is significantly shorter. The reason for this is the rigid
triple bond, which prevents the silyl functions to be turned
outwards any further. Additionally, the triple bond deviates
from linearity in the crystal structure. The angle C(16)-C(17)-
C(18) is 171.8(1)° and the angle C(17)-C(18)-C(19) is 175.0(1)°.

Chem. Eur. J. 2021, 27, 1821-1828 www.chemeurj.org
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Figure 7. Molecular structure of the annulene derivative 9 with two SiF,Me
groups in the crystalline state. Displacement ellipsoids are drawn at the 50%
probability level. Hydrogen atoms are omitted for clarity.

The benzene rings at the ends of the triple bond are slightly
twisted against each other with an angle between the best
two ring planes of 6.4(1)°.

This structure helps to rationalize the selectivity of the
above described hydrosilylation reactions. Hydrosilylation of
the first triple bond of annulene 3 results in a double bond
and a bending of the two adjacent benzene rings to the same
side which induces one side of the product molecule to be
less accessible than the other. The second hydrosilylation takes
place from the better accessible side and at the most reactive
remaining triple bond, and probably sterically steered into the
most distant position between the two silyl groups. This leads
to a situation similar to that of the structure of 9. The remain-
ing rigid triple bond is already bent in the way the double
bond formed in the next hydrosilylation step is, resulting in a
clear preference of the side from which the third hydrosilyla-
tion attack will happen.

The initial intention of this work was to find a new access to
triple Lewis acids with a directed alignment of the acceptor
functions. Therefore, the Gutmann-Beckett method was used
to evaluate the Lewis acid quality of the new tridentate silicon
Lewis acids 5-8.2%% For this purpose, compounds5 and 7
were dissolved in deuterated chloroform and triethylphosphine
oxide was added. The *'P shift was then measured using NMR

© 2020 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH
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Table 4. *'P{'"H} NMR chemical shifts [ppm] of compounds 5 and 7 with
OPEt; in CDCl; solution.

Compound SiX,Me_,) 03P A 3P AN®
OPEt, - 523 - -

5 SiCl,Me 54.8 25 31

7 SiF,Me 66.7 14.4 57

[a] AN=2.21 X (0*" sep0 —41), Gutmann-Beckett method.””

spectroscopy, giving a relative value for Lewis acidity (Table 4).
The other two silane compounds were not measured because
of too small amounts of product.

The measured values show that chlorosilane 5 causes a
slight shift of 2.5 ppm and thus represents a relatively weak
Lewis acid. The fluorinated compound, on the other hand,
leads to a °'P shift of 14.4 ppm, that is, six times greater than
that of compound 5, indicating this fluorosilane compound to
be a much stronger Lewis acid.

Comparison with other Lewis acidities of silicon Lewis acids
is difficult because there are only a few measured values re-
ported in the literature.?® Instead, the boranes are a well-stud-
ied class of compounds and serve to classify the measured
values.®® Chlorosilane 5 with an acceptor number of 31 is
comparable to B(OCH,CH,Cl); (neat, AN=31)%" and fluorosi-
lane 7 to B(C¢Hs); (C¢Ds, AN=55)"" Compared to the strong
Lewis acids BF; (CDCl;, AN=84)"" and B(C4F,); (CD,Cl,, AN=
80),“? chlorosilane 5 is a weak Lewis acid and fluorosilane 7
ranges in the midfield.

We have tried to convert Lewis acid 7 into acid-base adducts
using a neutral guest molecule with three Lewis basic func-
tions. Upon addition of an equimolar amount of 1,3,5-trime-
thyl-1,3,5-triazacyclohexane (TMTAC) to a solution of the fluo-
rosilane 7 in CDCl; solution, a fine colourless solid precipitated.
This solid compound was insoluble in any common solvents
and was therefore not further investigated and characterised.

Hydrometallation reactions

We attempted to use annulene derivatives 3 and 4 also in
other hydrometallation reactions, with hydrometallation re-
agents of the elements of main group Ill (M=B, Al, Ga) and IV
(M=Si, Sn). We tried different methods and varied parameters
like temperature, reaction time or the solvent. In addition,
some of the reactions were conducted in the presence of a
catalyst. The reagents and parameters are shown in Table S1 in
the Supporting Information. Despite these many attempts and
for none of these cases, we were able to isolate the predicted
products. In most of the reactions we could not see a conver-
sion, monitored by the corresponding resonances in 'H or
YF{'H} NMR spectroscopy. For such cases where a conversion
could be observed, the generated products could not be iden-
tified or decomposed after a short time. We suspected an in-
complete and/or unsymmetrical substitution, because of the
many different resonance patterns we observed in the NMR
spectra. The fact that only symmetrical products were obtained
for hydrosilylation with HSiCl; and HSiCl,Me is not fully under-
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stood. The analogous reaction with HSiCIMe, under the same
conditions did not lead to the predicted products. On the one
hand the acetylene bond might not be polar enough for some
of the reagents, on the other hand hydrometallation reagents,
which are highly reactive, lead to unsymmetrical products.

Conclusion

5,6,11,12,17,18-Hexadehydrotribenzo[a.e.icyclododecene (3) as
well as its fluorinated analogue (4) have been synthesized

in one-pot synthesis protocols and were characterized
by X-ray diffraction. First columnar structures for
tribenzo[12]annulene 3 and fluorinated side product

1,2,3,4,7,8,9,10,13,14,15,16,19,20,21,22-hexadecafluoro-
5,6,11,12,17,18,23,24-octadehydrotetrabenzola.e.i.m]cyclohexa-
decene 4a were found. By hydrosilylation reactions with
HSiCl,Me (—5) and HSIiCl; (—6) the planar tribenzo[12]annu-
lene (3) was converted into tridentate silicon Lewis acids. Mole-
cules 5 and 6 are of molecular C; symmetry, are chiral and are
obtained as racemates. In these reactions the first step of the
hydrosilylation determines in high regio- and stereoselectivity
the following two steps. The molecular structure of compound
5 in the solid state shows that the benzene rings are bent to-
wards one side of the molecule thus forming a chalice-type
structure. The silyl groups are oriented to the opposite side of
the molecule. The described reaction transforms a planar hy-
drocarbon system into a trifunctional system with oriented
functions in a single step. The process of the hydrosilylation re-
action was monitored by NMR spectroscopy. It unravelled the
first two hydrosilylation steps to proceed relatively quickly,
while the third and last step of hydrosilylation is slower.
Chlorosilanes 5 and 6 were converted into fluorosilanes 7 and
8 with SbF; to increase their Lewis acidities. This increase was
confirmed by the Gutmann-Beckett method of relative acidity
measurement.

Hydroboration, hydrogallation, hydroalumination and hydro-
stannylation reactions with the tribenzo[12]annulenes 3 and 4
were also attempted. However, none of those reactions led to
identifiable or isolable products. In most cases no conversion
was observed via 'H or "F{'H} NMR spectroscopy. For those
where a reaction took place, the products decomposed over
time or the substitution of the acetylene bonds proceeded un-
symmetrically or incompletely.

However, due to the high potential of the possibility to
obtain chalice-like compounds in a single step of synthesis we
will test parameters for other hydrometallation reagents in the
future in order to explore if the phenomenon of regio- and ste-
reoselective substitution can be extended to more examples
than reported herein.

Experimental Section

Deposition numbers 2013924 (1b), 2013925 (2¢), 2013926 (3a),
2013927 (3b), 2013928 (4a), 2013929 (5), and 2013930 (9) con-
tain(s) the supplementary crystallographic data for this paper.
These data are provided free of charge by the joint Cambridge
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