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Experimental Details

Synthesis and Crystallization of Complex 3

Scheme S1. Preparation of bimetallic complex 3.

All solvents were dried and distilled prior to use (CH2Cl>: CaHa, 1,2-CsHaF2: CaH», Hexane:
Na/K, Toluene: Na) and stored over molecular sieve in a No-filled glovebox. Complex 1 was
prepared according to literature® procedure and dried at high vacuum prior to use. Complex 2
was purchased from Sigma-Aldrich, purified by crystallization from toluene and dried under
high vacuum prior to use.?

Bimetallic complex 3 was prepared my mixing a solution of 1 (4.6 mg, 10uM) in 1 mL CHCl>
with a solution of 2 (4.0 mg, 10uM) in 1 mL 1,2-CsH4F2in a vial in the glovebox. The resulting
solution was layered with 0.5 mL of Hexane and put in a glovebox fridge at -35 °C. Colorless
crystals were formed overnight.

NMR Experiments

'H NMR and '°F NMR spectra were recorded on a Varian Mercury 300, Varian 500 or a Bruker
600 spectrometer. CD2Cl, was stored over molecular sieve for at least 3 days prior to use. The
NMR spectra are reported as follows: chemical shift & in ppm relative to TMS (6 = 0 ppm),
multiplicity, coupling constant (J in Hz), number of protons. The resonance multiplicity
is described as s (singlet), d (doublet), t (triplet) or m (multiplet). Broad signals are described
with br. (broad).
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Figure S1. *H NMR of complex 3 (500 MHz, Methylene Chloride-d2) & 9.01 (br. d, J = 5.0 Hz,
1H), 8.40 (br. d, J=7.0 Hz, 1H), 8.26 (br. d, J = 7.9 Hz, 1H), 7.72 (br. d, J = 8.4 Hz, 2H), 7.69
—7.59 (m, 1H), 7.60 — 7.53 (m, 2H).
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Figure S2. °F NMR of complex 3 (471 MHz, Methylene Chloride-d2) & -118.24 (br. d, J =22.0
Hz), -158.53 (br. t, J = 19.7 Hz), -162.43 — -166.35 (m).

{8500
8000
7500
7000
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500

N l \ “1 “1[“ Lo

r-500

T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Figure S3. **C NMR of complex 3 (151 MHz, Methylene Chloride-d2) 8 154.05, 152.82, 148.00,
142.77, 138.09, 135.06, 134.35, 130.02, 129.35, 127.19, 125.50, 124.09, 121.80; (CsFs
resonances not observed).
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Variable Temperature (VT) NMR Experiments
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Figure S4. VT-'H NMR spectra (-100 °C to +20 °C) of a solution of 3 in CD,Cl..
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Figure S5. VT-F NMR spectra (-100 °C to +20 °C) of a solution of 3 in CD,Cl,.




NMR-Titration Experiments

A solution of 2 in CD2Cl, (1.663 mM) was prepared in the glovebox. This solution was used to
prepare the stock solution of 1. Exact amounts of the solution of 1 were added by microsyringe
to the solution of 2 in a NMR-tube sealed with a septum. A **F NMR spectrum was recorded
after each addition. The change in Ad(Fpara) Was plotted against the concentration of 1. The
data was fitted using the software IGOR Pro 7.01 according to the equation®:

A8:A85at <%+1+;>_ (%_}_1_}_ 1 >_4%

2 [\[2]o Kq[2]o [2]o Kq[2]o [2]o

Ad: change in chemical shift, relative to free 2

Adsa: Calculated change in chemical shift at saturation
[2]o: concentration of complex 2 (constant)

[1]: concentration of complex 1

Ka: Association constant (M)

The error in Ky was estimated to be 20%.
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Figure S6. °F NMR (600 MHz) titration of 1---2 in CD,Cl, at 25 °C.
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Table S1. ®F NMR-Titration data of 1---2 in CD.Cl, at 25 °C.

[2] / mol L™ AS(Fpara)/ ppm
0 0
0.000506845 1.68
0.000999859 3.44
0.001265242 4.51
0.00139378 5.04
0.001519663 5.55
0.001622596 5.8
0.001723788 5.89
0.001823282 5.93
0.002017344 5.96
0.002386868 5.99
0.002898907 6.03
0.003655603 6.07
0.004666071 6.13
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Figure S7.2°F NMR binding isotherm of 2 and 1 in CD,Cl; at 25 °C. K, = (4.5 + 0.9) x 10° mol

Lt and 8sat = 6.05 ppm
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Figure S8. Zoomed-in region of Figure S5.
Elemental Analysis
Table S2. Elemental Analysis (C, H and N) of complex 3.
C38H16N2F10ZnPd [C] [H] [N] [F] [Zn] [Pd]
Calculated 5293% | 1.87% 325% | 2203% | 7.58% | 12.34%
Found 52.72% | 1.86 % 3.20 % - - -
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DFT Calculations

The geometries were optimized using the Gaussian 09 package* with TPSS or TPSS-D3 and
SDD basis set for Pd,Zn and D95(d,p) basis set on all other atoms. Single point energies were
calculated using the TPSS or TPSS-D3 functional and SDD basis set with 2f and g polarization
for Pd,Zn, and cc-pVTZ basis set for H,C,N. Table S3 lists the electronic energies of 3 and
1+2, calculated with TPSS vs TPSS-D3, with the geometries of 3 and 1+2 optimized with the
respective DFT methods. As indicated in Table S5, the optimized geometries differ slightly
from each other, and from the x-ray structure.

Table S3. Calculated energy difference between bimetallic complex 3 and 1+2 in the gas-
phase.

TPSS /Hartree TPSS-D3 /Hartree
Pd/Zn 3 -2921.793768 -2921.97223588
(bhq)2Pd 1 -1238.413572 -1238.51136927
Zn(CeFs)2 2 -1683.35747 -1683.39431061
Difference 0.02272618 (16.9 kcal/mol) 0.066556 (41.5 kcal/mol)

The electron density for the AIM analysis was calculated with the coordinates from the crystal
structure and the Gaussian09 suite* using the TPSS-D3 functional and SDD basis set with 2f
and g polarization for Pd,Zn, and cc-pVTZ basis set for H,C,N.

The EDA-NOCV?® calculations were done with the geometries from the crystal structure. The
ADF 2013.01 program package® was used with the TPSS-D3 functional and a triple--quality
basis set augmented with one set of polarization functions. Scalar relativistic effects were
incorporated by applying the zeroth-order regular approximation (ZORA). The contribution due
to dispersion differs slightly from the difference between the TPSS and TPSS-D3 bond
energies in Table S3 because of small differences in the geometries used in the calculations.
The interaction energy, AEin, differs from the bond dissociation energy in Table S3 because
AEin is the energy needed to dissociate 3 to fragments 1 and 2 fixed at the geometries that
they have in 3.

Table S4. NOCV values in kcal/mol (The percentage values in parentheses give the
contribution to the total attractive interactions (AEeistat +AEom +AEdisp = 135.1 kcal/mol). The
interaction energy, AEin, is the sum of the attractive interactions and the repulsive Pauli
exchange term.

AEint AEPauIi AEeIstat AEorb AEdisp
-58.4 76.7 -62.3 (46 %) -51.1 (38 %) -21.7 (16 %)

Of the -51.1 kcal/mol orbital interaction energy, -24.8 kcal/mol derive from one pair of
interacting orbitals. The next largest contributions are -6.0 and -3.3 kcal/mol. The TPSS-D3
dissociation energy in Table S3, 41.5 kcal/mol, as well as AE;x in Table S4, -58.4 kcal/mol,
greatly exceed the 7.7 kcal/mol dissociation energy measured in CDCl; solution. Given that
the computed values are for the gas phase, and the experiment is done in polar solvent, one
should consider that dielectric shielding should strongly attenuate the attractive electrostatic
interaction in solution; the orbital interactions and exchange repulsion should be less strongly
affected. Substantial compensation of the attractive dispersion contribution can also be
expected in solution. Altogether, the reduction of the gas phase dissociation energy of 41.5
kcal/mol (computed) to 7.7 kcal/mol (experimental) in polar solution is not unexpected.
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Comparison of selected bond lengths and angles in bimetallic complex 3

Figure S10. DFT (TPSS) optimized structure of bimetallic complex 3.
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Figure S11. DFT (TPSS-D3) optimized structure of bimetallic complex 3.

Table S5. Comparison of selected bond lengths (A) and angles (°).

ionngdle(}s(\z)/ X-Ray TPSS Difference TPSS-D3 Difference
Pd-Zn 2.579 2.654 0.075 2.623 0.044
Pd-C6 2.031 2.032 0.001 2.021 -0.01
Pd-C7 1.997 2.013 0.016 2.008 0.011
Pd-N4 2.158 2.176 0.018 2.158 0
Pd-N5 2.141 2.156 0.015 2.158 0.017
Zn-C6 2.473 2.632 0.159 2.869 0.396
N5-Pd-C6 166.1 168.6 2.5 165.9 -0.2
N4-Pd-C7 167.6 163.9 -3.7 167.4 -0.2
N5-Pd-Zn 102.5 101.8 -0.7 90.9 -11.6
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XYZ-Coordinates of X-Ray Structure of Complex 3

Pd-Zn (3) (E = -2921.71489447 a.u.)

Pd

Zn
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