


3 can be selectively utilized in cyclocondensation reactions,
while the Si─H bonds remain untouched.

2. Results and Discussion

Three different access routes to the compounds 1,2-
(X3Si)2C6H2Me2 were evaluated [X= F (1F), Br (1Br), I (1I);
Scheme 1]: a) halogen exchange on 1,2-(Cl3Si)2C6H2Me2 (1Cl),
b) [4þ 2]-cycloaddition reactions between X3SiC≡CSiX3 and
DMB, followed by aromatization, and c) conversion of 1Cl to
1,2-(H3Si)2C6H2Me2 (1H)[16] with subsequent H/X exchange.
Here, we focus primarily on the protocols that proved most

effective in our hands; additional details are provided in the
Supporting Information.

Stirring a solid mixture of 1Cl and SbF3 under ambient condi-
tions furnished 1F in 71% yield after workup (Scheme 1a). Crystals
of 1F suitable for X-ray diffraction were grown by sublimation of
the purified product at room temperature under a static vacuum.
Compound 1Br is best prepared from Br3SiC≡CSiBr3[16] and DMB,
which quantitatively afford the corresponding 1,4-cyclohexadiene
(Scheme 1b); 1Br is obtained through dehydrogenation of the
primary cycloadduct with DDQ (59% overall yield). Finally, 1I

was prepared from 1H and BI3; 1H, in turn, is accessible from 1Cl

and LiAlH4 (96%; Scheme 1c). Notably, the low yield of 1I (32%)
is not due to steric overload, as the actual conversion is higher;
however, yield losses inevitably occurred during washing of the
crude product, even when cold C6H6 was used to minimize the
solubility of 1I. Crystals of 1Br and 1I were obtained by slow evapo-
ration of their solutions in n-hexane and C6H6, respectively.

In the course of our search for an efficient synthesis of 1Br, we
also discovered routes to synthetically useful 1,2-disilylated ben-
zenes bearing well-defined, mixed substitution patterns on the
silyl groups: Treatment of 1H with BBr3 (6 equiv.) in C6H6 at room
temperature provided 1,2-(HBr2Si)2C6H2Me2 (2) in excellent yields
(95%; Scheme 2); crystals of 2 suitable for X-ray diffraction formed
upon slow evaporation of its n-hexane solution (Figure S67,
Supporting Information). It is worth emphasizing that, at room
temperature, H/Br exchange on 1H stalled at the stage of 2, even
when the reaction was performed in neat BBr3 (50 equiv.). In con-
trast, the reaction of 1H with BBr3 (2.6 equiv.) proceeded to the
stage of 1-(Br3Si)-2-(HBr2Si)C6H2Me2 upon heating to 50 °C for
2 days; extending the reaction time led to substantial decompo-
sition while yielding only trace amounts of 1Br (Figure S2,
Supporting Information). The 1,2-(H2BrSi)2-congener 3 of 1Br

and 2 is accessible via bromination of 1H with N-bromosuccini-
mide (NBS; 2 equiv.) at 7 °C under ambient light (Scheme 2).
After workup, 3 was obtained with minor contamination by
the monobrominated side product 1-(H2BrSi)-2-(H3Si)C6H2Me2,
which had no adverse effect on the use of 3 as starting material
in subsequent cyclocondensations (see below).

Figure 1. a) Molecular structure of 1Cl. b) Thermolysis of the cyclic
derivatization product of 1Cl proceeds via a pinacol–pinacolone
rearrangement, resulting in a 1,3-disila-2-oxaindane and concomi-
tant release of pinacolone.

Scheme 1. a) Halogen exchange converts 1Cl to 1F, b) [4þ 2]-cyclo-
addition of Br3SiC≡CSiBr3 with 2,3-dimethyl-1,3-butadiene (DMB), fol-
lowed by oxidative aromatization using 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ), leads to 1Br, and c) reduction of 1Cl with
LiAlH4 gives 1

H; subsequent iodination with BI3 affords 1
I. Reagents

and conditions: (i) 4.8 equiv. SbF3, no solvent, room temperature,
14 h; (ii) 1.2 equiv. DMB, C6H6, 60 °C, 3 d, sealed glass ampoule; (iii)
2 equiv. DDQ, C6H6, room temperature, 14 h; (iv) 3.2 equiv. LiAlH4,
Et2O, room temperature, 14 h; (v) 4 equiv. BI3, C6H6, room tempera-
ture, 14 h.

Scheme 2. Two complementary derivatization pathways starting
from 1H provide access to compounds 2 and 3 with defined
mixed H/Br substitution patterns: reaction of 1H with BBr3 (upper
pathway) affords 2; reaction of 1H with N-bromosuccinimide (NBS)
(lower pathway) furnishes the 1,2-(H2BrSi)2-substituted congener 3.
Reagents and conditions: (i) 6 equiv. BBr3, C6H6, room tempera-
ture, 14 h; (ii) 2 equiv. NBS, C6H6, 7 °C, ambient light, 14 h.
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The proposed molecular structures of 1F, 1Br, and 1I were con-
firmed by (heteronuclear) NMR spectroscopy, single-crystal X-ray
diffraction (SCXRD), elemental analysis, and high-resolution mass
spectrometry. Full details are compiled in the Supporting
Information; in the following, only selected features and trends
are discussed.[17]

Upon going from F to I, the 29Si NMR resonances of 1F�1I

follow a nonmonotonic trend [�74.1 (1F), �2.2 (1Cl),[13] �30.1
(1Br), and �152.6 ppm (1I); Table 1], which qualitatively mirrors
the trend observed for the 29Si NMR chemical shift values of
ArSiX3 [�72.6 (PhSiF3),

[18] 0.6 (PhSiCl3),
[18]

�35.7 (2,6-
Mes2C6H3SiBr3),

[19]
�175.3 (MesSiI3)

[19]].[20] An interesting feature
in the 19F NMR spectrum of 1F is the presence of two satellite
signals with quartet multiplicity that accompany the main singlet
resonance at �139.6 ppm (Figures 2a and S10, Supporting
Information). The latter arises from the most abundant isotopo-
logue containing two 28Si atoms [28Si/28Si; S(28Si)= 0].[21] All its 19F
nuclei are equivalent by symmetry, and no JFF coupling is
observed. The second most abundant isotopologue, 28Si/29Si

[S(29Si)= ½],[21,22] bears two inequivalent 28SiF3 and 29SiF3 moieties.
The satellite signals are thus due to 1JSiF= 267 Hz coupling (cf.
PhSiF3:

1JSiF= 267 Hz[18]), while the quartet multiplicity of each sat-
ellite results from (through space)[23] JFF= 5 Hz coupling to 28SiF3.

To investigate the influence of increasing steric repulsion
between the silyl groups in the series 1F�1I, we examined the
relative conformation of the two silyl groups in each molecule,
along with the Si···Si 0 distances, the exocyclic bond angles
Si─C─C’ at the silylated C atoms (C, C’) as well as the
Si─C─C’─Si 0 torsion angles by means of SCXRD (cf. Figure 3a,
illustrating the molecular structure of 1F as a representative exam-
ple). Despite differences in atomic radius and the potential for
dispersion interactions among the X substituents, the molecular
conformations are highly similar, as evidenced by the overlay of
the solid-state structures of 1F�1I in Figure 3b.[24] As the atomic
radius of the halogen substituent X increases, the Si···Si 0 distance
also increases continuously from 3.539(1) Å (X= F) to 3.871(3) Å
(X= I; Table 1). Concomitantly, analysis of the Si─C─C’ bond
angles and Si─C─C’─Si 0 torsion angles reveals systematic varia-
tions correlated with the steric demands of the silyl substituents
(Table S6, Supporting Information). The smallest Si─C─C’ bond
angle is observed for parent 1,2-disilylbenzene, 1,2-(H3Si)2C6H4

(123.2[6]°; CSD: XIDXEN[25]). The Si─C─C 0 bond angle increases
along the series as follows: 1F (125.5[2]°), 1Cl (128.0[6]°; CSD:
PIDMOH[13]), 1Br (128.9[4]°), and 1I (130.5[5]°).[26] In contrast, the
Si─C─C 0

─Si 0 torsion angles remain close to planarity, with abso-
lute values in a narrow range of 0.0(4)°�1.4(1)°, and the benzene
moiety exhibits only negligible distortion. This supports the con-
clusion that 1F�1I alleviate steric strain primarily by lateral dis-
placement of the silyl groups within the molecular plane,
rather than by twisting them out of plane.

To probe the F�-accepting properties of 1F,[27] the ditopic Lewis
acid was treated with the soluble F� source [(Me2N)3S][F2SiMe3]

Table 1. Trends in 29Si NMR chemical shift values and Si···Si’ inter-
atomic distances for 1F, 1Cl, 1Br, and 1I. For NMR shifts, increased
shielding (upfield shift) is indicated by the wider end of the wedge.
For Si···Si 0 distances, the wider wedge end denotes larger inter-
atomic distances.

Figure 2. a) Expanded region of the 19F NMR spectrum of 1F in
CD2Cl2, showing a main singlet resonance at �139.6 ppm with
29Si satellites featuring a resolved quartet multiplicity (1JSiF= 267 Hz;
JFF= 5 Hz) and b) expanded region of the 29Si{1H} NMR spectrum
of [1F·F]� in CD2Cl2, displaying a well-resolved octet centered at
�115.6 ppm (1JSiF= 115 Hz).

Figure 3. Molecular structures in the crystalline state: a) 1F,
b) overlay of 1F, 1Cl, 1Br, and 1I, c) [1F·F]�, and d) [1F·2F]2�.
H atoms and the [(Me2N)3S]

þ counterions are omitted for clarity;
halogen radii were standardized to that of fluorine to enhance
visual comparability. C: black, Si: blue, F: pale yellow, Cl: green,
Br: mahogany, I: purple.
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(TASF) in CD2Cl2 or CH2Cl2 (Scheme 3). At room temperature, the
29Si NMR resonance of [1F·F]� appears as a well-resolved octet at
�115.6 ppm, with an average coupling constant of 1JSiF= 115 Hz
(Figure 2b), which is considerably smaller than that of free 1F

(�74.1 ppm, 1JSiF= 267 Hz). The [1F·F]� anion thus represents a rare
example of seven F– ligands undergoing rapid intramolecular
exchange between two silicon atoms via Berry pseudorotation.[28]

The [1F·2F]2� dianion gives rise to a signal at�139.8 ppm in the 29Si
NMR spectrum, with a line shape indicative of an odd-numbered
multiplet. Only seven of the expected nine lines have been unam-
biguously detected, likely due to the two outermost peaks being
obscured by noise (1JSiF= 107 Hz; Figure S22, Supporting
Information).

In summary (Table 2), and in agreement with trends reported
in the literature,[28] the 29Si nuclei of 1F, [1F·F]�, and [1F·2F]2�

become progressively more shielded with increasing coordina-
tion number, while the corresponding 1JSiF coupling constants
decrease. Next, we monitored the trend in the 19F NMR shift
of the mixture 1F/nF� as a function of the stoichiometry n

(Figure S25, Supporting Information). The sharp 19F resonance
of free 1F at �139.6 ppm (n= 0) underwent a downfield shift
to �129.6 ppm at n= 1 and further to �120.1 ppm at n= 2
(Table 2).

Thus, unlike comparable ditopic and potentially chelating
silicon-based Lewis acids,[28–30] 1F is capable of binding not only
one, but two F� ligands to furnish the adducts [1F·F]� and
[1F·2F]2�, respectively (Scheme 3).[31] Compared to the signal of
1F, the full-width-at-half-maximum (FWHM) values of the shifted
resonances increased remarkably, from FWHM �2 Hz to �43
and �75 Hz, respectively. In this context, it is noteworthy that
an extremely broad hump centered around �132 ppm was
observed at n= 0.5, while the resonance of [1F·2F]2� at �120.1
ppm sharpened to a FWHM of �9 Hz upon increasing the TASF
loading to n= 3. All in all, these changes in FWHM values are indic-
ative of dynamic F�-association/dissociation equilibria, which shift
toward the adduct species in the presence of excess TASF. In order
to gain insight into the molecular structures of the F� adducts
(Figure 3c,d), crystals of [(Me2N)3S][1

F·F] and [(Me2N)3S]2[1
F·2F] were

grown by gas-phase diffusion of n-hexane into CH2Cl2 solutions of

1F and TASF in 1:1 and 1:2 ratios, respectively. The monoadduct
[(Me2N)3S][1F·F] crystallizes with two crystallographically indepen-
dent molecules in the asymmetric unit, both adopting approxi-
mate C2v symmetry. In each, a single F� ion bridges the two Si
atoms, which are, in turn, located in a slightly distorted trigonal-
bipyramidal environment. The Si─F bonds to the bridging ion
are significantly longer [1.815(4)–1.889(5) Å] than those to the ter-
minal F atoms [1.545(4)–1.654(5) Å]. Among the latter, the Si─Fax
bonds [1.607(5)–1.654(5) Å] are longer than the Si─Feq bonds
[1.545(4)–1.590(3) Å; ax: axial, eq: equatorial]. Insertion of an F�

ligand between the two silyl groups does not push them apart
but instead draws them closer together, indicating significant
Si─(μ-F) bonding interactions [Si···Si 0 = 3.539(1) Å (1F) vs.
3.310(2), 3.320(3) Å ([(Me2N)3S][1F·F]); Si─(μ-F)─Si 0 = 125.8(2)°,
127.3(2)°]. The diadduct [(Me2N)3S]2[1

F·2F] also contains only one
bridging F� ligand, rather than two; one of the silyl groups adopts
a geometry close to trigonal-bipyramidal, the other to octahedral.
The two Si─(μ-F) bonds are now distinctly different: the bond
involving the pentacoordinate Si atom is shorter than that to
the hexacoordinate Si atom [1.774(1) vs. 2.013(1) Å, respectively;
Si─(μ-F)─Si 0 = 125.6(1)°], and also shorter than the corresponding
Si─(μ-F) bonds in the monoadduct [1F·F]�. Coordination of a fourth
terminal F– ligand to one Si site has only a minor effect on the
Si···Si 0 distance in [1F·2F]2� [3.370(1) Å], which remains close to
that found in [1F·F]�.

The presence of six functionalizable halogen substituents in
1F�1I offers broad opportunities for diverse downstream

Scheme 3. 1F reacts with 1 or 2 equiv. of [(Me2N)3S][F2SiMe3]
(TASF) to give [1F·F]� and [1F·2F]2�, respectively; [1F·F]� is con-
verted to [1F·2F]2� upon treatment with 1 equiv. of TASF.
Conditions: (i) CH2Cl2, room temperature, 1 h. For clarity, the
[(Me2N)3S]

þ counterions are omitted.

Table 2. Trends in heteronuclear NMR chemical shift values, 1JSiF
coupling constants, and Si···Si’ interatomic distances for 1F,
[1F·F]�, and [1F·2F]2�. For NMR shifts, increased shielding (upfield
shift) is indicated by the wider end of the wedge. For Si···Si 0 distan-
ces, the wider wedge end corresponds to larger interatomic
distances.

a)These 13C NMR shifts refer to the Si-bonded aromatic C atoms
(SiC); b)This SiC signal likely overlaps with the two other aromatic
13C resonances at 139.9 and 139.6 ppm; the shift value is therefore
somewhat speculative.

Journal of Inorganic and General Chemistry

Zeitschrift für anorganische und allgemeine Chemie

RESEARCH ARTICLE

Z. Anorg. Allg. Chem. 2026, 652, e202500154 (4 of 7) © 2025 The Author(s). Zeitschrift für anorganische und allgemeine Chemie published by Wiley-VCH GmbH

 1
5

2
1

3
7

4
9

, 2
0

2
6

, 2
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

0
0

2
/zaac.2

0
2

5
0

0
1

5
4

 b
y

 D
E

S
Y

 - Z
en

tralb
ib

lio
th

ek
, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [1

0
/0

2
/2

0
2

6
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d

itio
n

s) o
n

 W
iley

 O
n

lin
e L

ib
rary

 fo
r ru

les o
f u

se; O
A

 articles are g
o

v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o
n

s L
icen

se



chemistry. In the context of hydrolytic condensation reactions,
however, such monomers tend to form 3D cross-linked, insoluble
resins rather than well-defined polymeric or cyclic architectures.
This is where compounds of type 2 and 3 come into play, as they
feature two distinct types of substituents that can be addressed
independently in late-stage derivatizations. In a proof-of-principle
experiment, we performed the controlled hydrolysis of 3 in the
presence of pyridine as HBr scavenger and obtained the doubly
benzannulated, ten-membered Si4O2C4 heterocycle 4 in 26% yield
after purification by fractional sublimation (Scheme 4a).[32] The
preservation of all Si─H bonds in 4 is evidenced not only by its
solid-state structure (Figure 4a; all SiH atoms were located in
the difference electron-density map and freely refined), but also
by a characteristic triplet resonance observed in the 29Si NMR spec-
trum [δ(29Si)=�25.4; 1JSiH= 219 Hz]. A notable outcome of this
hydrolysis experiment is that the corresponding 1,3-disila-2-
oxaindane 5, featuring a benzo-fused five-membered Si2OC2 ring
(Scheme 4a), did not emerge as a major product—if it formed at
all.[33] This stands in marked contrast to the result of our attempt to
synthesize compound 1Br via sixfold MeO/Br exchange on 1,2-
((MeO)3Si)2C6H2Me2 (6) using BBr3: in that case, C─O-bond
cleavage led to the formation of the tetrabrominated 1,3-disila-
2-oxaindane 7 (87%), rather than the corresponding dimer with
a molecular framework analogous to that of 4 (Scheme 4b,
Figure 4b). One reason why 4- and 7-type structures can compete,
although the latter are entropically favored and avoid the poten-
tially destabilizing effect of a medium-sized ring, might be rooted

in the preference of disiloxanes for expanded Si─O─Si 0 angles

(note, however, that the corresponding bending potential is shal-

low).[34,35] In compound 4, these angles measure 152.4(1)° and

146.0(1)°, whereas in compound 7, the angle is compressed to

114.2(4)°. Mechanistically, the formation of 7 (or 5) likely involves

a cooperative interaction of both Lewis-acidic Si sites with the

same MeO (or HO) fragment, which should be less pronounced

for hydrogenated than for halogenated silyl groups (generated

from 6 via partial MeO/Br exchange).

3. Conclusions

We have developed straightforward synthesis protocols for
the complete series of 1,2-bis(trihalogenosilyl)benzenes 1F�1I.
These compounds are subject to significant steric congestion
and are currently not accessible by alternative synthetic routes.
At the same time, the close proximity of two Lewis-acidic Si cen-
ters offers opportunities for novel and potentially valuable
reactivity patterns. Systematic variation of the halogen sub-
stituents (F, Cl, Br, I) has revealed characteristic trends in key
NMR and structural parameters across the series 1F

�1I.
Moreover, we have shown that the ditopic Lewis acid 1F can
bind one added F� ligand in a bridging Si─(μ-F)─Si 0 motif
and two equivalents of F� in a mixed bridging/terminal bind-
ing mode. Finally, targeted hydrolysis of the 1,2-(H2BrSi)2-
substituted benzene 3 was found to furnish the doubly
benzannulated ten-membered Si4O2C4 heterocycle 4, whereas
treatment of the 1,2-((MeO)3Si)2-substituted benzene 6 with
BBr3 affords the 1,3-disila-2-oxaindane 7 with no appreciable
formation of its decacyclic dimer. Compound 7, which is signifi-
cantly more accessible than its tetrachlorinated congener,[15]

represents a versatile monomer for the future synthesis of
hybrid organic/inorganic polysiloxanes.

Scheme 4. a) Controlled hydrolysis of 3 in the presence of pyri-
dine (Py) as HBr scavenger affords 4, and b) bromination-induced
cyclization of 6 to furnish 7. Reagents and conditions: (i) 2 equiv.
H2O, 2 equiv. Py, C6D6/CH3CN, room temperature, 5 min.; (ii) 4.0
equiv. BBr3, C6H6, room temperature, 14 h.

Figure 4. Molecular structures of a) 4 and b) 7 in the crystalline
state; C-bonded H atoms omitted for clarity. H: white, C: black,
Si: blue, O: red, Br: mahogany.
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