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1. Synthesis and characterization of compounds.
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4a, X=Cl; 4b, X = Br; 4c, X = |

Compounds 4. The synthesis of compounds 4 were carried out using the same
experimental procedure. A solution of compound 1 (20 mg, 0.033 mmol) in C¢Ds (0.5
mL) was added over 1 eq. of the corresponding zinc halide, ZnX; (X =ClI, Br, I) ina J.
Young NMR tube. The suspension was shaken and then water (3 pL, 0.165 mmol) was
added and the progress of the reaction monitored by H and *P{*H} NMR
spectroscopy. Compounds 4a-c were formed in >90% spectroscopic yield after one hour
at 25 °C. 'H and *P{'H} NMR spectroscopic details match perfectly with those

previously reported.*
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Compound 5. A solution of [Pt(P'Bus),] (1) (20 mg, 0.033 mmol) in C¢De/THF (0.2/0.4
mL) was added over Zn(OTf), (12 mg, 0.033 mmol) in a J. Young NMR tube. The
solution was shaken and then water (3 pL, 0.165 mmol) was added. Compound 5 was
formed in around 85% spectroscopic yield after 10 minutes at 25 °C. *H and 3'P{H}

NMR spectroscopic details match perfectly with those previously reported.?
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Compound 6. A solution of compound 1 (20 mg, 0.033 mmol) in THF/CgD¢ (0.4/0.2
mL) was added over Zn(OTf), (12 mg, 0.033 mmol) in a J. Young NMR tube. The
solution was shaken and the nitrogen atmosphere replaced by hydrogen (1 atm).
Compound 6 was formed in around 85% spectroscopic yield after 5 hours at 25 °C. *H
and *P{"H} NMR spectroscopic details match perfectly with those previously
reported.'
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[PtH(PtBus),]". To a mixture of [PtHCI(PtBus),] (50 mg, 0.079 mmol) and AgOTf (20
mg, 0.079 mmol) was added toluene (8 mL) under N, atmosphere. The reaction was
covered with aluminum foil and stirred at room temperature for 1 hour. The solution
was filtered and the volatiles were removed in vacuo to yield the compound as a white
powder (42 mg, 71%). *H and *'P{*H} NMR spectroscopic details match perfectly with

those previously reported.
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2. Kinetic studies.
Kinetic studies were carried out to determine the kinetic isotopic effect (KIE) of
dihydrogen activation by compound 1 and Zn(OTf),. In a J. Young NMR tube, a
mixture of compounds 1 (5 mg, 0.008 mmol) and Zn(OTf), (3 mg, 0.008 mmol) was
dissolved in THF-dg/CgDg (0.4/0.2 mL) at room temperature. The nitrogen atmosphere
was replaced by either H, or D, (1 bar) and the solution was shaken. The progress of the
reaction was monitored by *P{*H} NMR spectroscopy at 25 °C by means of the

disappearance of compound 1 and using triphenylphosphine oxide as internal standard.
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Figure S1. Representative examples of the kinetic profiles for the activation of H, or D,
by the 1:Zn(OTf), system.
3. Isotopic exchange experiments
A solution of [Pt(P'Bus)] (1) (5 mg, 0.008 mmol) and Zn(OTf), (3 mg, 0.008 mmol)
was dissolved in THF-dg/CgDg (0.4/0.2 mL) and a H,/D, mixture (1:1, 1 bar) was added
in a J. Young NMR tube. The reaction was monitored by *H NMR NMR spectroscopy at
25 °C to track the progress of HD evolution. To complete these studies, the same

procedure was performed with [Pt('‘Bus)], Zn(OTf), and [PtH(PtBus),]", separately.
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4. X-Ray structural characterization of new compounds.
Crystallographic details. Single crystals of suitable size of each compound were
selected and covered with FOMBLIN oil and mounted on a glass fiber. Data collections
have been performed on a Bruker SMART APEX Il diffractometer with a CCD area
detector on a D8 goniometer at 100 K, using graphite-monochromated and 0.5 mm-
Monocap-collimated Mo-K,, radiation (A=0.71073 A).

Data collections were processed with APEX-W2D-NT (Bruker, 2004), cell refinement
and data reduction with SAINT-Plus (Bruker, 2004) and the absorption was corrected
by multiscan method applied by SADABS.’ The space-group assignment was based
upon systematic absences, E statistics, and successful refinement of the structure. The
structure was solved by direct methods and expanded through successive difference
Fourier maps, F? (SHELXTL).* Nonhydrogen atoms were refined anisotropically and
hydrogen atoms connected to carbon atoms were included in idealized positions using a

riding model for their refinement.

For structure 3, crystals diffracted quite weakly at high angle. Many attempts were
made to obtain better quality data, however crystal quality has always been very poor
due to the very high instability of the complex towards air and moisture, as well as the
low crystallographic stability of the structure itself due to solvent loss. A full set of data
could be collected, however data above 0.90 angstroms was dominated by noise
[I/sigma(l) < 1.0] and they have been omitted. For this reason, R1 and wR2 have high
values. DFIX, SADI, DELU and SIMU commands have been used to retrain all the
cyclopentyl groups. Zn3 atoms are disordered over two sites (Zn3A and Zn3B) the
occupancies of which were constrained to sum to 1.0. Refinement showed residual
electron density around Cp* bonded to Zn3 but this disorder could not be modeled. A
summary of all crystallographic data and refinement parameters for each compound is
provided in Table S1. Atomic coordinates, anisotropic displacement parameters and
bond lengths and angles can be found in the cif files which have been deposited in the
Cambridge Crystallographic Data Centre with no. 2062801-2062802. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.
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Table S1. Crystal data and structure refinement for compounds 2 and 3.

corrections

multi-scan, 0.66-0.75

2 3
formula Cao Hs7 F1o P, Pt Zn Caz Hag Ptos Zn;
fw 1038.24 738.37
cryst.size, mm 0.29x0.21x0.15 0.20x0.14x0.12
crystal system Monoclinic Triclinic
space group P2,/c P-1
a, A 12.5870(5) 12.3860(13)

b, A 21.7560(10) 12.4280(12)
c, A 16.8409(6) 12.9684(15)
a, deg 90 63.261(4)
B, deg 115.012(3) 66.832(5)

y, deg 90 69.595(3)
v, A 4179.3(3) 1602.8(3)
T, K 193(2) 193(2)

Z 4 2

Peales § €M™ 1.650 1.530

i, mm™* (MoKa) | 4.07 4.42

F(000) 2076 750
absorption

multi-scan, 0.59-0.75

6 range, deg 1.87 —30.60 2.88 — 23.26
no. of rflns measd | 81202 18599

Rint 0.097 0.053

no. of rflns unique | 12753 4590
?;tf;irﬁ’é’ams I 49610 351/ 262

R; (1> 20(1)) 2 0.044 0.162

R; (all data) 0.077 0.191

WR; (I >20(1)) 0.085 0.409

WR; (all data) 0.097 0.426
r'?]ii‘:/';‘;‘j(figk%eaks 11,992 /3.120 2.446/ 5.508
CCDC number 2062802 2062801
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5. Computational Details.
Geometry optimization of compounds Pt(ZnH)s and Pt(ZnH)s (Dsq) were performed
using the Gaussianl6® suite of programs at the BP86°/def2-TZVPP’ level of theory
using the D3 dispersion correction suggested by Grimme et al.® This level is denoted
BP86-D3/def2-TZVPP. All AIM results described in this work correspond to
calculations performed at the BP86-D3/def2-TZVPP/WTBS(for Pt) level on the
optimized geometry obtained at the BP86-D3/def2-TZVPP level. The WTBS (well-
tempered basis sets)® have been recommended for AIM calculations involving transition
metals.'® The topology of the electron density was conducted using the AIMAII program
package.
The interaction between Pt(0) and (ZnH), (n=6,8) has been investigated with the Energy
Decomposition Analysis (EDA)™ method. Within this approach, the interaction energy
can be decomposed into the following physically meaningful terms:

AEint = AEegistat + AEpauii + AEornt AEgisp

The term AEgsa: COrresponds to the classical electrostatic interaction between the
unperturbed charge distributions of the deformed reactants and is usually attractive. The
Pauli repulsion AEpyyi comprises the destabilizing interactions between occupied
orbitals and is responsible for any steric repulsion. The orbital interaction AEgmy
accounts for charge transfer (interaction between occupied orbitals on one moiety with
unoccupied orbitals on the other, including HOMO-LUMO interactions) and
polarization (empty-occupied orbital mixing on one fragment due to the presence of
another fragment). Finally, the AEg;s, term takes into account the interactions which are
due to dispersion forces.
The EDA-NOCV calculations were carried out using the BP86-D3/def2-TZVPP
optimized geometries with the program package ADF 2019.01" using the same
functional (BP86-D3) in conjunction with a triple-C-quality basis set using uncontracted
Slater-type orbitals (STOs) augmented by two sets of polarization function with a
frozen-core approximation for the core electrons.™ An auxiliary set of s, p, d, f, and ¢
STOs were used to fit the molecular densities and to represent the Coulomb and
exchange potentials accurately in each SCF cycle.”® Scalar relativistic effects were
incorporated by applying the zeroth-order regular approximation (ZORA).* This level
of theory is denoted ZORA-BP86-D3/TZ2P//BP86-D3/def2-TZVPP.
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6. NMR spectra of new compounds.
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Figure S2. 'H NMR (400 MHz, C¢Ds, 25 °C). Compound 2.
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Figure S3. ¥*C{*H} NMR (160 MHz, CD.Cl,, 25 °C). Compound 2.
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Figure S4. *'P{"H} NMR (160 MHz, C¢Ds, 25 °C). Compound 2.
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Figure S5. ®F{*H} NMR (376 MHz, C¢Ds, 25 °C). Compound 2.
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Figure S6. 'H NMR (400 MHz, C¢Ds, 25 °C). Compound 3. *Pentane.
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