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Experimental Section.

General. All reactions were carried out under dry and deoxygenated argon atmosphere.
All solvents were distilled. [Au(o-C¢BrF,)(tht)] and [Pb{HBpz;}Cl] were prepared
according to literature methods.'-

Materials and Physical Measurements. Infrared spectra were recorded in the 4000-
450 cm’!' range on a Perkin-Elmer FT-IR Spectrum Two with an ATR (Single
Reflection Diamond) accessory. 'H and '"F NMR spectra were recorded on a Bruker
Avance 400 in chloroform solutions. Chemical shifts are quoted relative to SiMe4 (‘"H
external) and CFCl; ('°F external). C, H, N analyses were carried out with a C.E.
Instrument EA-1110 CHNS-O microanalyzer. The MALDI mass spectra were
registered on a Microflex Bruker spectrometer using DIT (Dithranol) and DCTB (T-2-
(3-(4-t-butylphenyl)-2-methyl-2-propenylidene)-malononitrile) as the matrix. The m/z
values are given for the higher peak in the isotopic pattern.

Synthesis of [NBuy][Auz(0-C¢BrF,);(HBpz;)] (1). To a solution of [Au(o-
C¢BrF,)(tht)] (0.305 g, 0.6 mmol) in dichloromethane (30 mL) was added K[HBpz;]
(0.05 g, 0.2 mmol) and [NBuy]Br (0.064 g, 0.2 mmol). The reaction mixture was stirred
for 3 h at 0° C and filtered off. Evaporation of the solvent under vacuum, and addition
of n-hexane gave rise to complex 1 as a white solid. Yield 60% (0.2057 g). 'H NMR
(300 MHz, CDCls, 298 K), & 7.77 (s, 1H, Hs), 7.46 (s, 1H, H3), 6.38 (s, 1H, Hy) ppm.
YF NMR (282 MHz, CDCls, 298 K) 6 —113.90 (dd, 1F, Fy), —127.15 (dd, 1F, F,),
—157.89 (dd, 1F, F;), —159.49 (pt, 1F, F5) ppm. FT-IR (ATR): v = 825, 1008, 1596 y
1615 cm™! (Au-0-C¢BrF,), v=2476 cm’! (B—H), v= 1482 cm™! (B-N). MALDI(+): m/z
(%): 242 (100) [NBuy]"; MALDI(-): m/z (%): 1488 (100) [Aus(0-C¢BrF4);(HBpz;)];
elemental analysis calcd. (%) for C4;3HyuAus;BBrsFoN7: C, 29.85; H, 2.68; N, 5.67.
Found: C, 29.93; H, 2.74; N, 5.59. Ay (acetonitrile): 105 Q! cm? mol .

Synthesis of [{Pb(HBpz;)}{Au;(0-C¢BrF,);(HBpz3)}] (2). To a solution of the
complex 1 (0.346 g, 0.2 mmol) in diethyl ether (30 mL) was added [Pb{HBpz;}Cl]
(0.09 g, 0.2 mmol), and a white precipitate (NBuyCl) was immediately formed. The
reaction mixture was stirred for 2 h at 0° C and filtered off. Evaporation of the solvent
under vacuum, and addition of n-hexane gave rise to complex 2 as a white solid. Yield
45% (0.1531 g). 'H NMR (400 MHz, CDCl;, 298 K), 6 7.95, 7.78, 7.65, 7.19, 6.55, 6.23
ppm. ’F NMR (376 MHz, CDCl;, ppm) & —112.90 (dd, 1F, F;), —126.33 (dd, 1F, Fy),
—156.38 (dd, 1F, F,), —157.54 (pt, 1F, F3). FT-IR (ATR): v= 1051 y 1486 cm™! (Au-o-
C¢BrF,), v = 2454 y 2489 cm™ (B—H), v = 1482 y 1506 cm™! (B-N). MALDI(+): m/z



(%): 421 (100) [Pb(HBpz;)]"; MALDI(-): m/z (%): 1488 (100) [Au;(o-
C¢BrF,);(HBpz3)]; elemental analysis calcd. (%) for Cs;sHyoAusB,Br;F,N,Pb: C,
22.66; H, 1.06; N, 8.81. Found: C, 22.54; H, 1.11; N, 9.01. Ay (acetonitrile): 72 Q!

cm? mol ™.

Crystallography.

The single crystal X-ray diffraction data for 1 were collected in ® and ¢ scan mode
with a Nonius Kappa CCD diffractometer, using Mo Ko X-rays obtained from a
graphite monochromator. A colorless needle [0.18 mm x 0.05 x 0.025 mm], obtained by
slow slow diffusion of n-hexane into a solution of the complex in diethyl ether, was
attached to a glass fiber and transferred to the cold gas stream (198K) of an Oxford
Instruments low-temperature attachment at. Data were collected up to 2@ of 54°
(resolution 0.78) with ® and ¢ scans. Absorption correction was based on multiple
scans.? The structure was solved by using Patterson* and refined on F,?> with SHELXL.?
All nonhydrogen atoms were treated anisotropically, and all hydrogen atoms were

included as riding bodies.

The single crystal X-ray diffraction data for 2 were collected in ® and ¢ scan mode
with a Nonius Kappa CCD diffractometer, using Mo Ko X-rays obtained from a
graphite monochromator. A colorless plate [0.1 mm x 0.1 x 0.05 mm], obtained by slow
slow diffusion of n-hexane into a solution of the complex in diethyl ether, was attached
to a glass fiber and transferred to the cold gas stream (193K) of an Oxford Instruments
low-temperature attachment at. Data were collected up to 2@ of 56° (resolution 0.75)
with ® and ¢ scans. Absorption correction was based on multiple scans.? The structure
was solved by using direct methods® and refined on F,> with SHELXL.> All
nonhydrogen atoms were treated anisotropically, and all hydrogen atoms were included

as riding bodies.



CCDC 1582222—1582223 contain the supplementary crystallographic data for this

paper. These data can be obtained free of charge via www.ccdc.cam.ac.uk/

data_request/cif, or by emailing data request@ccdc.cam.ac.uk, or by contacting The
Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK;

fax: +44 1223 336033.
Computational details.

All calculations were performed using the TURBOMOLE v6.47 and the Gaussian 09

suite of programs?® using DFT/PBE,? Hartree-Fock and MP210 levels of theory.

In a first step we have optimized model 2a at DFT-D3/PBE level, including the
empirical dispersion correction by Grimme et al.!! This level of theory has been proven
to represent non-covalent interactions at lower computational cost. We have also
optimized model 2a at HF level of theory. For these calculations the corresponding
def2-TZVP basis sets were used.'> The DFT-optimized model has been employed as
starting point to deepen in the study of the intrinsic nature of the interaction between
fragments {Pb(HBpz;)}™ and {Au;(0-C¢BrF,);(HBpz;)}-. For this, we have calculated
the BSSE-corrected interaction energies at the DFT-D3 optimised distance both at HF
and MP2 levels of theory using the SDD basis sets with Stuttgart/Dresden
quasirelativistic (QR) ECPs for Z>2,'3 as implemented in Gaussian09. The HF level
represent the ionic component of the interaction between fragments, whereas the MP2
level includes both the ionic and the dispersive components, what permits to account for

both contributions to the interaction between the trinuclear Au(I) host.

The interaction energy between ionic counterparts at Hartree-Fock (HF) and MP2

levels of theory was obtained according to equation:

AE = EG B B < (7)


http://www.ccdc.cam.ac.uk/

A counterpoise correction for the basis-set superposition error (BSSE)'4 on AE (or
Ein) was thereby performed. We fitted the calculated points using a four-parameter

equation, which had been previously used!’ to derive the Herschbach-Laurie relation:!®

AE =V (R) = Ae ™ —CR™

The binding energy between the host Au(I) and the guest Pb(Il) fragments (Ey;q) was
computed considering the relaxation of the separate counterparts and, therefore,
considering the deformation energy (Eg4f) required to change the host and guest units
from the corresponding minium-energy geometries to the geometry acquired in the

assembly:
Epina = Eqer + Eiy
where
Edef = (E48,— E*y) + (B85 — EPp)

EXy is the energy of fragment Y at the geometry of X. AB is the host-guest system; A

is the host and B is the guest.

As we have mentioned in the introduction one of the most important factors affecting
the heavy metals behavior are the relativistic effects. We have also studied the influence
of relativistic effects on the Au(l) and Pb(Il) metal centres by using non-relativistic

(NR) effective core potentials (ECPs) for both metal centers.

We have also checked the NBO charges at MP2 level in order to explain the ionic
contribution to the interaction between {Pb(HBpz;)}* and {Aus(0-C¢BrF4);(HBpz;3)}-
fragments. For a better representation of the interaction between charges we computed
the Electrostatic Potential (ESP) of the MP2 density (isovalue 0.004) for model system

[{Pb(HBpz3)} {Aus(0-C¢BrF4);(HBpz3)} ] (2a).



The NCI data representing the reduced density gradient versus the electron density
multiplied by the sign of the second Hessian eigenvalue (A,) as well as the cube files
representing the gradient isosurface that displays the non-covalent interactions in the

real space were computed with NClplot.!”
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Figure S1. Crystal structure of 2 with the labelling scheme for the atom positions
showing the different types of weak interactions.

Figure S2. Crystal structure of 2 viewed from the crystallographic b axis. Color code:
gold: yellow; lead: black; nitrogen: blue; boron: pink; carbon: grey; fluorine: green;
bromine: brown; hydrogen: light grey.
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Figure S4. ’F NMR spectrum of complex 2 in CDCls.



Table S1. Selected experimental structural parameters for complex 2 and optimized parameters for model system 2a at the equilibrium distances

obtained at HF and DFT-D3 levels of theory (distance in A and angles in deg).

Au-C  Au-N  Pb-N  B-H C-Au-N N-Pb-N Au-H* Au-Pb Au--Au Pb'b”H Au--Bre Co-Cd Hepe B Pb’r"B
3.405

Exp 2006 2064 2365 098 1784  79.06  3.019  3.857 5116  3.102 3251 2593 2.897  4.001
3.518
3.587

HF 2075 2138 2372 1.196 176.0 79.0 3.083 4261 5254 3.541 3.657 2.636 3252 4879
4.488
3.499

DFT-D3 2011 2081 2434 1211 1779 77.4 2933 3774 5.008 2919 3.154 2369 2794 4.225
3.674

2 Interaction between Au and H-B bond; ® interaction between Pb and H-B bond;® interactions between the Br atom of a C4BrF, ligand with two
adjacent Au centres; 9 interactions between C atoms from pyrazolate ligands bonded to Pb(II) and C¢F4Br ligands; © interactions between a H
atom of a pyrazolate ligand bonded to Pb(II) and F or Br atoms of adjacent C¢BrF, ligands.



XYZ COORDINATES OF THE DFT OPTIMISED MODEL SYSTEMS

Model la (complex 1) optimised at DFT-D3 level of theory

C -1.18278 -0.20135 -6.22901
C -0.06760 0.20069 -5.48646
C -2.26414 -0.08403 -5.33419
C 2.63853 1.63276 -4.10049
C 3.93693 1.12110 -4.05075
C -0.57835 3.442009 -3.59591
C 3.85258 0.03594 -3.15319
C -0.63900 4.66816 -2.92720
C -0.05542 4.41337 -1.66999
C -3.79086 0.84534 -0.58812
C -4.87503 0.05509 -0.15127
C -3.28325 1.76165 0.34872
C -5.41454 0.16074 1.14082
C 1.40866 -2.36129 0.49691
C 2.39280 -3.02977 1.23988
C 0.09383 -2.42418 1.01512
C -3.78784 1.88678 1.65217
C -4.86552 1.08083 2.04753
C 3.37121 0.69175 1.58348
C 2.00509 1.03736 1.50428
C -0.21091 -3.11142 2.20163
C 2.12228 -3.72675 2.42864
C 3.87688 -0.18766 2.55348
C 1.17224 0.47103 2.48360
C 0.80697 -3.76957 2.91043
C 3.00322 -0.74467 3.49952
C 1.64306 -0.40656 3.47151
H -1.20278 -0.54457 -7.26072
H 0.98611 0.25659 -5.75258
H -3.32212 -0.30264 -5.47081
H 2.22454 2.48703 -4.63487
H 4.81825 1.49196 -4.56912
H -0.93245 3.14550 -4.58167
H 4.62621 -0.63436 -2.78273
H -1.06332 5.60138 -3.29022
H 0.04206 0.38584 -2.02590
H 0.09446 5.07088 -0.81540
Au -2.85768 0.63407 -2.35504
Au 1.93680 -1.27651 -1.11138
Au 1.18751 2.08687 -0.00349
B 0.33254 1.03219 -3.00258
Br -5.67332 -1.23994 -1.29988
Br 4.63202 1.37765 0.32774
Br -1.34513 -1.53662 0.14440
F -2.24899 2.56466 0.02328
F -6.45117 -0.59211 1.54325
F 3.68838 -3.00290 0.84677



F -3.26747 2.76750 2.51700
F -5.37540 1.19734 3.28304
F 5.17513 -0.52476 2.60442
F 3.10182 -4.34692 3.10565
F -1.45930 -3.16470 2.69138
F -0.15088 0.73199 2.49228
F 0.52494 -4.43092 4.04437
F 3.46378 -1.60544 4.42085
F 0.80714 -0.95150 4.37021
N -0.48037 0.53429 -4.23566
N -1.82175 0.35598 -4.13870
N 1.84644 0.88005 -3.28911
N 2.59040 -0.091098 -2.70273
N 0.00700 2.53361 -2.77156
N 0.32570 3.12371 -1.59483

Model 2a (complex 2) optimised at DFT-D3 level of theory

C 0.14382 -2.89702 -2.21091
C 1.07088 -3.91162 -1.92338
C 2.29045 -4.05549 -2.60304
C 2.59826 -3.17293 -3.65044
C 1.67508 -2.17753 -4.01086
C 0.47661 -2.05001 -3.29097
C -3.86918 -3.52124 0.73822
H -3.58788 -4.55814 0.55956
C -4.87569 -2.98031 1.56094
H -5.57961 -3.51568 2.19328
C -4.75530 -1.59771 1.40123
H -5.31065 -0.77534 1.84813
Au -1.50467 -2.68166 -1.07970
B -3.20767 0.00118 0.00037
H -1.99637 0.00073 0.00023
Br -0.72245 -0.67030 -3.83339
F 0.81807 -4.80133 -0.93727
F 3.16064 -5.01276 -2.26157
F 3.75194 -3.29294 -4.31508
F 1.97717 -1.36428 -5.03127
N -3.19178 -2.52534 0.12897
N -3.73681 -1.35229 0.53416
C -3.86679 2.40168 2.68224
H -3.58485 2.76528 3.66934
C -4.87353 2.84416 1.80290
H -5.57701 3.65976 1.95079
C -4.75406 2.01452 0.68536
H -5.30987 1.99057 -0.25005
N -3.19013 1.37577 2.12406
N -3.73585 1.14034 0.90586
C -3.86794 1.12382 -3.41914
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