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Calculations

Using the X-ray crystal structure of the chelated bismuth(III) heteroboroxine complex, we have
modeled the distorted benzene molecule. We considered the central benzene molecule with its
surroundings, i.e. two whole chelated bismuth(III) heteroboroxine complexes and four fragments
(two benzene and two propane molecules). The obtained model (Figure S1) has 252 atoms and was
described at the DFT-D3/TPSS/TZVPP level of theory using Turbomole 6.6t} and Cuby3.1?} All
the hydrogen atoms were optimized in the first step. In the second step, all the atoms of the central
benzene molecule were optimized. In order to investigate the potential energy surface (PES) of the
benzene molecule within the complex, we used a relaxed scan. The benzene molecule was moving
between the two Bi atoms in two ways. First, center of mass of benzene was constrained. Second,
only the single C atom was constrained. In the both cases, the relaxed scans were performed, i.e. all
other atoms of the benzene molecule were optimized (remaining heavy atoms of the complex were
kept rigid). Finally, the relaxed scan with the singe C atom constrained was also recalculated using
B-P86, PBE and B97D functionals.

For the interaction energy decomposition (SAPT method), electrostatic potential (ESP)
electron differential maps calculations, we used a smaller model where 2,6-diisopropylphenyls were
not considered (the model shown in Figure 5). A hybrid DFT-SAPT# method was used here for
decomposition of the total interaction energies using a gradient-controlled shift procedure at
PBEO(/aug-cc-pVDZ and PBEO/TZVP level. Electrostatic, induction and exchange-repulsion terms
were evaluated at PBEO/aug-cc-pVDZ level and dispersion energies were calculated empirically.
Bromine, lodine and Bismuth atoms were treated by pseudopotentials to describe relativistic effects
of inner-core electrons correctly and the frozen core approximation was used to speed the
calculations up.

ESP of the whole chelated bismuth(III) heteroboroxine complex on 0.001 a.u. was computed at the
B97D/def2-QZVP level using Gaussian09. {3}

Electron differential maps were also calculated at the B97D/def2-QZVP level of theory.
However, the isodensity of 0.00033 a.u. (1/3 of the 0.001 a.u. isodensity value) was depicted. The
cubegen utility was used to generate cube files. All the electron density images were created via

MOLEKEL 4.3 program.
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Figure S1. The model used for DFT-D3/TPSS/TZVPP calculations. The color coding is as follows:
carbon atoms of the central benzene molecule, gray; carbon, green; bismuth, violet; oxygen, red;

ping, boron; nitrogen, blue.

A B

Figure S2. Electron differential map of the Bi...benzene...Bi complex. The 0.00033 a.u. isodensity
surface is depicted; for the binary Bi(1)---benzene complex (A), the binary benzene:--Bi(2)
complex (B) and the tertiary Bi(1)---benzene:--Bi(2) adduct (C).
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Figure S3. A) Relative energy (in kcal/mol) at the DFT-D3/TPSS/TZVPP level obtained by the

relaxed scan plotted against shift of the benzene molecule (in A). The benzene molecule was
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moving between the two Bi atoms in two ways. First, center of mass of benzene was constrained.

Second,, only the single C atom was constrained. In the both cases, the relaxed scans were

performed, i.e. all other atoms of the benzene molecule were optimized (remaining heavy atoms of

the complex were kept rigid). B) The relaxed scan with the single C atom constrained recalculated

by using PBE, B-P86 and B97-D functionals.
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Crystallography

Fig. S4 ORTEP view of organobismuth heteroboroxine - benzene complex. One of the independent
parts of the complex is shown only, the second disordered part and the solvent molecules (benzene -

masked by the SQUEEZE program) are omitted for clarity.

Fig. S5 Diagram of organobismuth heteroboroxine - benzene complex. One of the independent
parts of the complex is shown only - primary refinement showing the el. maxima found in the area

of benzene ring as carbon atoms.
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Fig. S6 ORTEP view of organobismuth heteroboroxine - benzene complex-different treatment.
Independent interacting parts of the complex are shown only, the disordered part of the ligand and
the solvent molecule (non-interacting benzene) are omitted for clarity. Final treatment with

SHELXT, SHELXL-2014/7, WinGX-2014.1, SQUEEZE programs.

Fig. S7 ORTEP view of organobismuth heteroboroxine - benzene complex - top and side view. One
of the independent parts (disordered part) of the complex is shown only - a superposition of
benzene, the second part and the solvent molecule (benzene) are omitted for clarity. Final treatment

with SHELXT, SHELXL-2014/7, WinGX-2014.1, SQUEEZE programs.

Procedures, parameters
The X-ray data for colorless crystals of organobismuth heteroboroxine - benzene complex (six

different crystals from three different crystallization crops) were obtained at 100, 150 and 200 K
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using Oxford Cryostream low-temperature device on a Nonius KappaCCD diffractometer with Mo
Ko radiation (A =0.71073 A), a graphite monochromator, and the ¢ and y scan mode. Data
reductions were performed with DENZO-SMN?®. The absorption was corrected by integration
methods®. All structures were primarily solved by direct methods (Sir92)” and refined by full matrix
leastsquares based on F? (SHELXL97)® giving almost the same results. Hydrogen atoms were
mostly localized on a difference Fourier map, however to ensure uniformity of treatment of crystal,
all hydrogen were recalculated into idealized positions (riding model) and assigned temperature
factors Hiso(H) =1.2Ueq(pivot atom) or of 1.5Ueq for the methyl moiety with C-H = 0.96, 0.97,
0.98 and 0.93 A for methyl, methylene, methine and hydrogen atoms in aromatic ring, respectively.

The final structure with superimposed/disordered benzene molecules, refined disorder of one
of the ligands and Bi atoms and masked residual electron density was obtained by treatment of
selected dataset by SHELXT, SHELXL-2014/7°, WinGX-2014.1'°, SQUEEZE!! programs.

There is residual electron density probably originated from a disordered solvent (benzene) in
the structure of organobismuth heteroboroxine - benzene complex. Attempts were made to model
this disorder or split it into two positions, but were unsuccessful. PLATON/SQUEZZE!! was used
to correct the data for the presence of disordered solvent. A potential solvent volume of 629 A3 was
found. 142 electrons per unit cell worth of scattering were located in voids. The calculated
stoichiometry of solvent was calculated to be four molecules of benzene per unit cell which results

in 168 electrons per unit cell. CCDC Nr. 1414464.
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Table S1: Crystallographic data for organobismuth heteroboroxine - benzene complex - refinement

performed by SHELXT, SHELXL-2014/7, WinGX-2014.1, SQUEEZE programs.

empirical formula
crystal system
space group
a[A]

blA]

c[A]

A°l

Z

p[mm-']

D, [Mg m™]
cryst size [mm]
0 range, [deg]
Toins Tinax

no. of reflns measd

no. of unique reflns, R;,“

no. of obsd reflns
[/>20(])]

no. of params

St all data

final R® indices [/>20(1)]
wR?¢ indices (all data)

Ap, max., min. [e A-]

C36Hs53B,BiN,O; (CeHp)

tetragonal
P4ym
21.483(2)
21.4830(18)
19.0040(10)
90
8
4.056
1.315
0.33x0.22x0.21
4.165-26.37
0.403, 0.533
43816
9046, 0.0541
6525

438
1.124
0.0499
0.0875
1.466, -1.092

a Rint =X ‘Foz - Fo,meanz‘/ZFoza b S = [Z(W(Iro2 - Fcz)z)/(Ndiffrs - Nparams)]l/z- LR(F) = E‘ ‘Fo| -
, WR(F?) = [E(W(Fo* - F&P) (Ew(F?))]™

\F.| || F,
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