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NMR data of the Zn Complexes
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Figure S1. '"H NMR (500 MHz) of ITrZnMe;, (1) in CD,Cl, (*: residual pentane and grease

peaks).
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Figure S2. >C{'H} NMR (125 MHz) of ITrZnMe; (1) in CD,ClL.
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Figure S3. 'H NMR (500 MHz) of ITrZnEt, (2) in C¢D¢ (*: residual pentane).
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Figure S4. BC{'H} NMR (125 MHz) of ITrZnEt, (2) in C4¢Ds.
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Figure S5. '"H NMR (500 MHz) of IAdZnMe, (3) in C¢Ds.

Figure S6. BC{'H} NMR (125 MHz) of IAdZnMe, (3) in C¢D
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Figure S7. 'H NMR (500 MHZ) of [ITI‘ZHMC] [B(C6F5)4] ([5] [B(C6F5)4]) in CD2C12 (*I
residual solvent and grease peaks).
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Figure S8. 3C{'H} NMR (125 MHz) of [ITrZnMe][B(CeFs)s] ([S][B(C4Fs)s]) in CD,Cl,.
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Figure S9. 'F NMR (282 MHz) of [ITrZnMe][B(C¢Fs)4] ([S][B(CeFs)4]) in CD>Cl,.

116

118

120

122

124

126

128

130

=132

136

138

=140

142

144

Figure S10. 2D HSQC NMR (500 MHz) of [ITrZnMe][B(C4Fs)a] ([S][B(CeFs)a]) in CD,Cl.
Zoom-in on the aromatic region of the 'H NMR data.
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Figure S11. 'H NMR (500 MHZ) of [ITI‘ZHEt] [B(C6F5)4] ([6] [B(C6F5)4]) in CD2C12 (*
residual pentane).
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Figure S12. 3C{'H} NMR (125 MHz) of [ITrZnEt][B(C¢Fs)a] ([6][B(CsFs)a]) in CD,Cl.
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Figure S13. 19F NMR (282 MHz) of [ITrZnEt][B(C4Fs)a] ([6][B(CsFs)4]) in CD,Cl.
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Figure S14. 'H NMR (500 MHz) of [IAdZnMe][B(CeFs)s] ([7][B(C4Fs)s]) in CD,Cl.
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Figure S15. 3C{'H} NMR (125 MHz) of [TAdZnMe][B(C¢Fs)4] ([7][B(C4Fs)4]) in CD,ClL.
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Figure $16. 2D HSQC NMR (500 MHz) of [TAdZnMe][B(CFs)a] ([7][B(CsFs)4]) in CD,Cl.
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Figure $17. 2D HMBC NMR (500 MHz) of [TAdZnMe][B(CgFs)4] ([7][B(CFs)4]) in CD,Cl.
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Figure S18. 'H NMR (500 MHz) of [IAdZnEt][B(CFs)a] ([8][B(C4Fs)a]) in CDCl,.
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Figure S19. 3C{'H} NMR (125 MHz) of [TAdZnEt][B(C¢Fs)s] ([8][B(CsFs)s]) in CDClL.
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Figure $20. 2D HSQC NMR (500 MHz) of [IAdZnEt][B(CeFs)a] ([8][B(CsFs)a]) in CDCl.
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Figure S21. 2D HMBC NMR (500 MHz) of [IAdZnEt][B(C4Fs)a] ([8][B(CsFs)a]) in CD,Cl.
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Figure S22. 'H NMR (500 MHz) of [ITrZnCFs][B(CeFs)a] ([9][B(C¢Fs)s]) in CD,Cly (*:

residual pentane and grease peaks).
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Figure S24. 19F NMR (282 MHz) of [ITrZnCgFs][B(CeFs)a] ([91[B(C4Fs)a]) in CD,Cl,.
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Crystallographic Details

X-Ray diffraction data collections for species 2, [5-6][B(C¢Fs)4], [8][B(CsFs)s], [9]1[B(CsFs)4]
and [11][B(C¢Fs)4], were all carried out on a Bruker APEX II DUO Kappa-CCD diffractometer
equipped with an Oxford Cryosystem liquid N, device, using Mo-Ka radiation (A = 0.71073
A). The crystal-detector distance was 38 mm. The cell parameters were determined (APEX2
software) from reflections taken from tree sets of 12 frames, each at 10s exposure. The structure
was solved by direct methods using the program SHELXS-97. The refinement and all further
calculations were carried out using SHELXL-97. The H atoms were included in calculated
positions and treated as riding atoms using SHELXL default parameters. The non-H atoms were
refined anisotropically, using weighted full-matrix least-squares on F2. CCDC 2372716-
2372720 and 2373743 provide the crystallographic data for 2, [5-6][B(C¢Fs)s], [9][B(CsFs)s],
[11][B(C¢Fs)4]2, and [8][B(C¢Fs)4] respectively.

Figure S25. Molecular structure (ORTEP view) of Zn cation [(ITrZnMe]" ([5]"). Selected bond
distances (A) and angles (°). Zn1-C1 = 1.966(1), C1-N1 = 1.352(2), C1-N2 = 1.352(1), Znl-

C42 = 1.914(2), C42-Zn1-C1 = 175.54(9).
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NMR data on the reactivity of [ITrZnCgFs][B(C¢Fs)4] ([9][B(CsFs)4]) with

H,O
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Figure S26. '"H NMR (500 MHz) of the reaction of [ITrZnC¢F;s][B(C¢Fs)4] ([9][B(CsFs)4]) in
C¢DsBr after 15 min at RT, consistent with the formation of the Zn-OH, adduct
[ITrZn(C¢F5)(OH,)][B(CsFs)4] ([10][B(CgFs)4]). Overlap with the signals of residual C{D,HBr
(from the NMR solvent) results in higher-than-expected integration in the aromatic region. *:
residual pentane + CH,Cl,.

Figure S27. BC NMR (125 MHz) of in situ generated [ITrZn(CgFs)(OH;)][B(CgFs)s]
([10][B(CgFs)4]) in C¢DsBr. *: residual pentane.
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Figure S28. '"F NMR (282 MHz) of in situ generated [ITrZn(CgFs)(OH;)][B(CgsFs)s]
([10][B(CeFs)a]) in C¢DsBr.
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Figure S29. 2D HMBC NMR (500 MHz) of in situ generated [ITrZn(C¢F5)(OH;)][B(CgF5)4]
([10][B(CeF5)4]) in C¢DsBr.
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Figure S30. "H NMR (500 MHz) of [ITrZn(CsFs)(OH,)][B(C¢Fs)4] ([10][B(CsFs)4]) in C¢DsBr
(with an initial concentration of 0.044 M) after 24 h at 60 °C showing substantial hydrolysis
with the formation of C¢FsH. Overlap with the signals of residual C¢D4HBr (from the NMR
solvent) results in higher-than-expected integration in the aromatic region. *: residual pentane

+ CH,CL.
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Figure S31. °’F NMR (282 MHz) of [ITrZn(CsF5)(OH;)][B(C¢Fs)4] ([10][B(CsFs)4]) in C¢DsBr
(with an initial concentration of 0.044 M) after 24 h at 60 °C leading to a 1/1
CeFsH/[10][B(C¢F5)4] mixture, in line with a 50% hydrolysis of the Zn-C¢F5s bond of the starting
[10][B(CsFs)a].
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NMR data for the catalysis runs
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Figure S32. '"H NMR (500 MHz, C¢DsBr) of CO, (1.5 bar) hydrosilylation catalysis with
HSiEt; using [10][B(C¢Fs)4] (5% mol) as catalyst after 1 h at room temperature showing the

absence of any reaction.

HSiEt3

CO,

Figure S33. BC{'H} NMR (500 MHz, C4DsBr) of CO, (1.5 bar) hydrosilylation catalysis with
HSiEt; using [10][B(C¢F5)4] (5% mol) as catalyst after 1 h at room temperature showing the

absence of any reaction.
S18



Et3SiIOSiEls

ELSIOSIEL
MeOSIEL | t CHe
| J_i.h ] I - el _.'I_I_-:A._AJI__";_ +
g g3
5 8 s 3

T T T T T T T
75 m &5 B0 5 50 a8 40 35 a0 25 0 15 i

Figure S34. '"H NMR (500 MHz, C¢DsBr) of CO, (1.5 bar) hydrosilylation catalysis with
HSiEt; using [10][B(C¢F5)4] (5% mol) as catalyst after 18 h at 90 °C showing complete HSiEt;
conversion to a 95/5 CH4/MeOSiEt; mixture along with Et;S10SiEt; as side product.
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Figure S35. "H NMR (500 MHz, C4DsBr) of catalytic hydrogenation of imine PhACH=N7Bu in
the presence of H, (2 bar) using [10][B(CsFs)s] (5% mol) as catalyst after 1 h at room
temperature showing the absence of any reaction.
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Figure S36. '"H NMR (500 MHz, C4DsBr) of catalytic hydrogenation of imine PhACH=N7Bu in
the presence of H, (2 bar) using [10][B(C¢Fs)4] (5% mol) as catalyst after 24 h at 90 °C showing
showing 90% conversion of the starting imine to the corresponding amine product

PhCH,NH7Bu.
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DFT calculations

All calculations have been performed with GAUSSIAN 09 version DO1! at DFT level
of theory with ®B97XD functional.> All atoms were described by 6-31+G** basis set.> All
energies were estimated in the gas phase except the bonding free energy of ITr with ZnEt,
computed in PhBr by mean of a PCM.# All structures were fully optimized, and the nature of
the encountered stationary point determined by frequency analysis. Energy minima were
characterized by a full set of real frequencies and transition states by one imaginary frequency.
Gibbs Free energies were extracted from this frequency analysis. Non- Covalent Interaction
analysis were performed on the GAUSSIAN wavefuntion of the optimized structures using

NCIPLOT package using default parameters.>

Lewis acidity assessment through DFT-calculated Fluoride Ion Affinity (FIA).°

FIAs of cations were estimated in PhBr by DFT calculating the reaction enthalpy of each
considered Lewis acid with the fluoride anion (see equation below and Table S1). All
calculations have been performed with GAUSSIAN 09 version DO1! at DFT level of theory
with wB97XD functional.? All atoms were described by 6-31+G** basis set.> For comparison
with the studied Zn cations, the FIA for the Zn cation [(IPr)Zn—C¢Fs]* is also included in Table
S1.7

[C]+F > [C(F)] C=Lewisacid

Table S1. Fluoride Ion Affinity (FIA, gas phase) as estimated by DFT

kJ/mol
(ITr)Zn-Et* 102.1
(IAd)Zn-Et* 129.7
(ITr)Zn—C¢Fs* 118.5
(IPr)Zn—C¢F5* 156
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Estimation of the pKa of the water adduct [(ITr)Zn(C¢Fs)(OH,)][B(CsFs)4]
([10][B(CsFs)4l)

The pKa of cation [(ITr)Zn(C4Fs)(OH,)]* ([10]7) was estimated in MeCN using the relative
method.? In this method, the pKa of the acid (here [10]") here is expressed by the acidity of
another acid, for which the experimental pKa is known (an isodesmic reaction). In the present
case, pyridinium was used as the other acid since its pKa in MeCN is well-established (pKa =
12.53).8° The Gibbs free enthalpy of the reaction of [10]" and pyridine to yield the
corresponding Zn-OH and pyridinium was then DFT-estimated in MeCN (eq. 1 below). The

reaction is endergonic with AG = 11.5 kcal.mol! leading to an equilibrium constant of 10-843

(K).

CPhg or GPhy H
—MN & Lghg [ B @y

gy [ = N N, © Cefs N ,
LI —— | —zn P AG = 11.5 keal.mol

M (9] . e -H

i ! e |""\|| [} e

CPhy H CPh,

[

Given that K = Kayyop+/Kappymy, it follows that Kapygr = K X Kappynp = 10843 x 10-12:33 = 10-209,

The Ka is cation [10]" is thus estimated to be around 21, albeit within the limit of validity of
the method. In this regard, given the limitations of the PCM to estimate solvation energies, we
also estimated the Gibbs free energy (in MeCN) of the reaction of pyridine + H,O to yield
pyridinium and [OH] (eq. 2 below), and compared our results to known experimental

estimations to validate our approach.

H
-~ Nb\. I.“--EI_N_\_ -
S | ] +H:0 H] + OH  AG=42.4 kcalmol!

The above reaction is highly endergonic, with AG = 42.4 kcal.mol! leading to an equilibrium
constant of K’ = 1031, Given that K’ = Kapo/Kapyny, it can also be estimated from
experimental data: the pKa of HyO in MeCN = 38-41,!9 and that of pyridinium is 12.53. This
leads to a rough estimate of pK ' between 25.5 and 28.5 (vs. 31.1 from DFT calculations), which

is reasonable given the limitations of PCM as well as experimental uncertainties.
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