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1. Materials and Methods

Materials

The purity and source of the transition metal precursors used for preparing atomically dispersed
catalysts (Mi/CDP) were listed in Supplementary Table 1. B-cyclodextrin (CD), sodium
borohydride (98%) and chloroplatinic acid (H2PtCle-6H20, Pt 37% min) were purchased from
Sinopharm Chemical Reagent Co., Ltd. (China). Tetrafluoroterephthalonitrile (98%) was obtained
from Adamas Reagent Co., Ltd. (China). Bis(pinacolato)diboron (Bzpinz, 99%) and
bis(neopentylglycolate)diboron (Bz2neop2z, 98%) were supplied by TCI. Alkynes used for catalytic
test (highest purity available) were purchased from J&K Scientific Ltd. (China). Other reagents

used in this work were of analytical grade and used without further purification.
Synthesis
Preparation of B-cyclodextrin polymer (CDP)

CDP was synthesized by an established method,!l with some modifications. In a typical
synthesis of CDP, 2 g of B-cyclodextrin, 1 g of tetrafluoroterephthalonitrile, 3.2 g of K2COs, 8 mL of
DMF and 72 mL of THF were sealed in a150 mL pressure-resistant flask. The mixture was stirred
for 72 h in an oil bath at 120 °C. After being cooled and filtered, the residual K.COs in the
precipitate was removed by washing with 1 mol-L-* HCI until no CO: evolved. The solid was then
soaked in H20 (2 x 100 mL) for 15 min, THF (2 x 100 mL) for 30 min and CH2Cl2 (1 x 150 mL) for
15 min. Finally, a yellow powder product was obtained after being dried under high vacuum at 120
°C for 12 h, where the yield of CDP was 61%.

Preparation of CDP supported atomically dispersed catalysts (M1/CDP)

In a typical experiment, 0.1g of CDP and a certain amount of transition metal precursor (see
Supplementary Table 1, the amount of precursor was determined for loading 1 wt% metal) were
mixed with 13 mL of water. The mixture was stirred for 24 h to generate the corresponding
inclusion complexes. Then, 4 mL of aqueous NaBH4 solution (4 mg-mL-1) was then added into the
mixture. To reduce the metal precursor, the mixture was stirred for 10 min. The precipitate was
collected by filtration and then washed with water. The powder catalyst was obtained after being

dried in a vacuum oven at 60 °C for 3 h.

Preparation of inclusion complexes of CD with transition metal precursors

The inclusion complexes for comparison was prepared by a classic grinding methond.? In a
typical experiment, 0.1g of CD and a certain amount of transition metal precursor (see

Supplementary Table 1, the amount of precursor was determined for loading 1 wt% metal) were



fully grind for an hour. During the grinding process, a small amount of ethanol was added to

improve the formation of inclusion complexes.

Preparation of nitrogen-doped carbon (CN) supported atomically dispersed Pt catalysts
(Pt1/CN)

CN was obtained by pyrolyzing the polydopamine at 900 °C for 2 h under an Ar atmosphere.B!
Pt1/CN was prepared by reported methods,! with some modifications. In a typical synthesis, 53
mL of aqueous H2PtCls solution (0.1g-mL') was added into 50 mL of aqueous CN dispersion (4
mg-mL-1) and stirring for 12 h. After being washed with water, the resulting product was dried in a
vacuum oven at 50 °C overnight, followed by annealing at 200 °C in a 5% H2-95% Ar (v/v)

atmosphere for 2 h.
Preparation of Pt nanocrystals

Pt nanocrystals, used to prepare supported Pt nanocrystal catalysts for comparison, were
synthesized by a reported method,Plwith some maodifications. In a typical synthesis, 5 mL of NaOH
glycol solution (0.26 M) was mixed with 5 mL of H2PtCls-6H20 glycol solution (20 g/L). The mixture
was then stirred for 3 h at 160 °C under argon atmosphere. After cooling down to room

temperature, a dark-brown colloidal solution of Pt nanocrystals (3.7 g/L) was obtained.
Preparation of activated carbon supported Pt nanocrystals (Ptnano/C)

2.7 ml of colloidal solution of Pt nanocrystals (3.7 g/L) was added dropwise into a suspension
containing 1 g of activated carbon and 100 ml of water under stirring. After stirring vigorously for
an hour, the precipitate collected by filtration and then washed with water. The powder catalyst

was obtained after being dried in a vacuum oven at 60 °C for 3 h.
Preparation of CDP supported Pt nanocrystals (Pthano/CDP)

1.1 ml of colloidal solution of Pt nanocrystals (3.7 g/L) was added dropwise into a suspension
containing 0.4 g of CDP and 100 ml of dilute hydrochloric acid (1 M) under stirring. After stirring
vigorously for an hour, the precipitate collected by filtration and then washed with water. The

powder catalyst was obtained after being dried in a vacuum oven at 60 °C for 3 h.

Characterizations

Aberration-corrected High-angle annular dark-field scanning transmission electron microscopy
(HAADF-STEM) images were recorded using a 200 kV JEOL JEM-ARM200F transmission
electron microscope equipped with a probe spherical-aberration corrector. HAADF-STEM image
and energydispersive X-ray spectroscopy (EDS) elemental mapping images were taken on a 200

kV JEOL JEM-2100F field-emission transmission electron microscope equipped with a JEOL EDS



detector system. Transmission electron microscopy (TEM) images of the nanocrystal catalysts
were recorded by a Hitachi HT-7700 transmission electron microscope working at 100 kV. X-ray
photoelectron spectroscopy (XPS) measurements were conducted on a Thermo fisher ESCALAB
250Xi spectrometer equipped with a monochromatic Al X-ray source. The binding energy scales
for the samples were referenced by setting the C 1s binding energy of the aromatic sp? carbon in
CDP to 284.6 eV. Fourier transform-infrared (FT-IR) spectrum was recorded using a PerkinElmer
Spectrum 400 FT-IR/FT-NIR spectrometer equipped with an attenuated total reflectance (ATR)
accessory in the range of 4,000-550 cm-* with a resolution of 4 cm™. The powder X-ray diffraction
(XRD) patterns were acquired using a Bruker D8-advance X-ray powder diffractometer with Cu Ko

(. = 1.5406 A) at an accelerating potential of 40 kV and a tube current of 40 mA. To determine the

final metal loading, the prepared catalysts were digested in concentrated nitric acid at 140 °C. The

metal contents of the as-obtained solution samples were measured by a Leeman Prodigy 7
inductively coupled plasma-atomic emission spectrometer, which were further used to calculate
the metal loading contents of the catalysts (see Supplementary Table 2). 1H and 3C nuclear
magnetic resonance (NMR) spectra of the diboration products were recorded in CDCIs on a Bruker
Avance 400 MHz Spectrometer with a 5 mm PABBO BB-1H/D Z-GRD Z108618/0394 multinuclear
Probe at 298 K. High resolution mass spectra (HRMS) were obtained on an APEXM Fourier
transform mass spectrometry Agilent 6220 LC/MS-TOF System (APCI).

X-ray absorption fine structure (XAFS) measurements and data processing

We collected the XAFS spectra data at 1IW1B station in Beijing Synchrotron Radiation Facility
(BSRF, operated at 2.5 GeV with a maximum current of 250 mA, Pt Ls-edge, Co K-edge, Ni
K-edge, Cu K-edge and Ir Ls-edge) and BL14W1 station in Shanghai Synchrotron Radiation
Facility (SSRF, operated at 3.5 GeV with a maximum current of 250 mA, Ru K-edge and Rh
K-edge), respectively. All samples were pelletized as disks of 13 mm diameter with 1mm thickness.
The XAFS data of M1/CDP samples were collected at room temperature in fluorescence excitation
mode using a Lytle detector and all the references were recorded in transmission mode using
ionization chamber. The acquired XAFS data was processed according to the standard
procedures using the ATHENA module implemented in the IFEFFIT software packages. The
EXAFS spectra were Fourier-transformed (FT) in a k range from 2.0 to 12.0 A? to evaluate the

contribution of each bond pair to the FT peak.
2. Catalytic evaluation

Diboration of alkynes



In a typical experiment, 0.5 mmol of alkyne with the Pt2/CDP catalyst (0.1 mol% of alkyne based
on Pt) and 0.55 mmol of Bzpinz or B2neopz were placed in a 10 mL flask with 2 mL of solvent. The
reaction was performed in an oil bath at a specified temperature. After stirring the result mixture for
a certain time, the catalyst was removed through centrifugation and the liquid sample was
analyzed by GC and GC-MS to determine the conversion and selectivity. To obtain isolated
products, the liquid samples was concentrated under reduced pressure to get a crude product
which was then purified by silica gel column chromatography with a mixture of petroleum ether

and ethyl acetate (v/v: 10:1) as the eluent.
Recovery and reuse test

The Pti/CDP catalyst after diboration of phenylacetylene was recovered by centrifugation at
10000 rpm. The recovered catalyst was washed with ethanol for three times, and then directly

used for the next run.
Density functional theory (DFT) calculation.

We implemented the DFT calculations in the Gaussian 16 suite of programs.[® Molecular
geometries of M1/CDs (M=Pt, Co, Ni, Cu, Ru, Rh, Ir) were optimized using the B3LYP method, in
combination with the LANL2DZ basis set for metal atom and the 6-31G(d,p) basis set for rest
atoms. For each supported metal, the geometrical optimization have been performed for all the
possible multiplicity values, where the geometry with the lowest energy was specified as the final
optimized structure. The calculations involving Pt-catalyzed diboration of phenylacetylene were
carried out in the SMD continuum solvent for toluene at the
PBEO-D3(BJ)/def2-TZVPP//B3LYP-D3(BJ)/6-31G(d,p)+LANL2DZ level. All the optimized
geometries were checked by means of frequency calculations to ensure that all ground state
geometries contain only real frequencies and that the transition state geometries contain one
imaginary frequency, and intrinsic reaction coordinates (IRC) calculations were carried out to
ensure that the transition states connect to their corresponding reactant complex and product
complex. The thermal corrections to the free energies were calculated at 1.0 atm and 373.15 K
using the computed harmonic frequencies scaled with scaling factors (0.9838 for zero-point
vibrational energies, 1.0033 for thermal contributions to entropy and 1.0003 for thermal

contributions to enthalpy).[”]



3. Supporting Figures, Tables, and Videos
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Figure S1. FT-IR spectrum of the CDP support.
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Figure S2. XRD pattern of the CDP support.
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Figure S3. XRD patterns of the Pt(acac): precursor, mechanical mixture and inclusion complex of

CDP with a certain amount of Pt(acac)2 (The amount of Pt(acac). was determined for loading 1 wt%

PY).
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Figure S4. The corresponding EXAFS fitting curves of Pt foil at (A) R space, (B) k space and (C) q

space.
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Figure S5. The corresponding EXAFS fitting curves of Pt:i/CDP at (A) k space and (B) g space.
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Figure S6. XRD patterns of other transition metal precursors, mechanical mixtures and inclusion
complexes of CDP with a certain amount of the corresponding transition metal precursors (The
amount of precursor was determined for loading 1 wt% metal).
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Figure S7. XRD patterns of mechanical mixtures and inclusion complexes of CD with a certain
amount of the corresponding transition metal precursors (The amount of precursor was
determined for loading 1 wt% metal).

For all transition metal precursors used in this work, different XRD signals compared with
mechanical mixture of CD and the precursors were observed, which implied the formation of
inclusion complexes and the host-guest chemistry principle involved in the general strategy.



Figure S8. Aberration-corrected HAADF-STEM image of (A) Co1/CDP, (B) Nit/CDP, (C) Cui/CDP,
(D) Rui/CDP, (E) Rh1/CDP and (F) Iri/CDP.



A
Co-Co
— Co foil
— Co,0,
. —— Co,/CDP
% o Fitting
2
[
L
c
— GCo/CDP
—— Fitting

XANES

K y(a)

Co K-edge

—— Co foil

7700

7720 7740
Energy (eV)

7760

o Co,/CDP
—— Fitting

12

Figure S9. (A) Fourier-transformed EXAFS spectra at the Co K-edge for Co1/CDP, Co foil, Co304
and EXAFS fitting curve for Coi/CDP. (B) The normalized XANES spectra at the Co K-edge for
Co1/CDP, Co foil and Co30a4. The corresponding EXAFS fitting curves of Co1/CDP at (C) k space
and (D) q space. (E) Schematic model of the mimicked enzyme catalytic pocket in Co1/CDP.
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Figure S10. (A) Fourier-transformed EXAFS spectra at the Ni K-edge for Niz/CDP, Ni foil, NiO and
EXAFS fitting curve for Nii/CDP. (B) The normalized XANES spectra at the Ni K-edge for Nir/CDP,
Ni foil and NiO. The corresponding EXAFS fitting curves of Nii/CDP at (C) k space and (D) q
space. (E) Schematic model of the mimicked enzyme catalytic pocket in Ni./CDP.
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Figure S11. (A) Fourier-transformed EXAFS spectra at the Cu K-edge for Cui/CDP, Cu foil, CuO
and EXAFS fitting curve for Cui/CDP. (B) The normalized XANES spectra at the Cu K-edge for
Cui/CDP, Cu foil and CuO. The corresponding EXAFS fitting curves of Cui/CDP at (C) k space
and (D) g space. (E) Schematic model of the mimicked enzyme catalytic pocket in Cui/CDP.
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Figure S12. (A) Fourier-transformed EXAFS spectra at the Ru K-edge for Rui/CDP, Ru foil, RuO2
and EXAFS fitting curve for Rui/CDP. (B) The normalized XANES spectra at the Ru K-edge for
Ru1/CDP, Ru foil and RuOz2. The corresponding EXAFS fitting curves of Rui/CDP at (C) k space
and (D) q space. (E) Schematic model of the mimicked enzyme catalytic pocket in Rui/CDP.
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Figure S13. (A) Fourier-transformed EXAFS spectra at the Rh K-edge for Rhi/CDP, Rh foil,
Rh(acac)2. and EXAFS fitting curve for Rhi/CDP. (B) The normalized XANES spectra at the Rh
K-edge for Rhi/CDP, Rh foil and Rh(acac)z. The corresponding EXAFS fitting curves of Rh1/CDP
at (C) k space and (D) q space. (E) Schematic model of the mimicked enzyme catalytic pocket in

Rhi/CDP.
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Figure S14. (A) Fourier-transformed EXAFS spectra at the Ir Ls-edge for Ir1/CDP, Ir powder, IrO2
and EXAFS fitting curve for Iri//CDP. (B) The normalized XANES spectra at the Ir Ls-edge for
Ir1/CDP, Ir powder, and IrO2. The corresponding EXAFS fitting curves of Iri/CDP at (C) k space
and (D) q space. (E) Schematic model of the mimicked enzyme catalytic pocket in Iri/CDP.



Figure S15. Aberration-corrected HAADF-STEM image of Ru/CDP prepared using Ru(acac)sz as
metal precursor.
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Figure S16. (A) Aberration-corrected HAADF-STEM image of Pti/CN. (B) Fourier-transformed
EXAFS spectra at the Pt Ls-edge for Pt2/CN and Pt foil.
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Figure S17. (A) TEM image and (B) nanocrystal size distribution histogram of the prepared Pt
nanocrystals.
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Figure S18. (A) TEM image and (B) nanocrystal size distribution histogram of Ptnano/C.
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Figure S19. (A) TEM image and (B) nanocrystal size distribution histogram of Ptnano/CDP.
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Figure S20. IRC reaction profiles of (A) the first step, (B) the second step and (C) the third step for
the diboration of phenylacetylene over Pt1/CD.
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Figure S21. IRC reaction profiles of (A) the first step, (B) the second step and (C) the third step for
the diboration of phenylacetylene over Pt1/CD-b.
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Figure S22. IRC reaction profiles of (A) the first step, (B) the second step and (C) the third step for
the diboration of phenylacetylene over Pti/CD-b-noH.
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Figure S23. Schematic to show hydrogen bonds existing in diboration of phenylacetylene over
Pt/CD.
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Figure S24. Schematic to show hydrogen bonds existing in diboration of phenylacetylene over
Pt1/CD-b.
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Figure S25. Diboration of alkynes over Pt1/CDP. Reaction conditions: alkynes (0.5 mmol), B2zpinz
or Bzneop2 (0.55 mmol), catalyst (0.1 mmol% based on metal), toluene (2 mL), temperature (100
°C).
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test. (B) Fourier-transformed EXAFS spectra at the Pt Ls-edge for Pti/CDP before and after

catalytic test.



Table S1. The precursor used to prepare atomically dispersed catalysts prepared in this work.

Catalyst Transition metal precursor Linear formula® Purity and source

Pt./CDP Bis(2,4-pentanedionate)platinum(11) Pt(acac)> Pt 48.0% min, Alfa Aesar

Co./CDP Bis(2,4-pentanedionate)cobalt(11) Co(acac)2 97%, Sigma Aldrich

Nii/CDP Bis(2,4-pentanedionate)nickel(1l) Ni(acac): 95%, Sigma Aldrich

Cu1/CDP Bis(2,4-pentanedionate)copper(I1) Cu(acac). 98%, Alfa Aesar

Rui/CDP  Dichloro(1,5-cyclooctadiene)ruthenium(ll) Ru(COD)Cl; 97%, J&K Scientific Ltd. (China)

Rhi/CDP  Dicarbonyl(2,4-pentanedionate)rhodium(l)  Rh(acac)(CO). 99%, Shanghai Macklin Biochemical Co., Ltd. (China)
Ir;//CDP Dicarbonyl(2,4-pentanedionate)iridium(1) Ir(acac)(CO): 97%, Aladdin Industrial Corporation (China)

& The linear formula of the corresponding precursor.

Table S2. The metal loading contents of the catalysts prepared in this work.?

Catalyst Content (wt%)°®
Pt1/CDP 0.8
Co1/CDP 0.7
Ni1/CDP 0.8
Cu1/CDP 0.6
Ru1/CDP 0.8
Rh1/CDP 0.7
Ir//CDP 0.6
Pt1/CN 0.7
Ptnano/ CDP 0.6
Pthano/C 0.9

2 The metal contents were determined by ICP-AES measurement.
b The contents of the corresponding metals.



Table S3. Structural parameters extracted from the Co K-edge, Ni K-edge, Cu K-edge, Ru K-edge, Rh K-edge, Ir L3-edge and Pt
Ls-edge EXAFS fitting (So? = 0.85).2

sample  Scattering pair CNP R (A 6% (103 A2y AEq (eV)® R factor’

Pt foil Pt-Pt 129 2.76 4.2 6.8 0.009
Pti/CDP Pt-O 2.4 1.98 6.4 4.9 0.017
Co1/CDP Co-O0 2.3 211 5.3 1.55 0.005
Ni1/CDP Ni-O 2.1 2.15 55 0.5 0.006
Cu1/CDP Cu-O 14 2.05 4.4 1.0 0.005
Ru1/CDP Ru-O 2.2 2.09 5.9 15 0.007
Rh1/CDP Rh-O 2.4 1.99 4.8 2.0 0.005
Iri/CDP Ir-O 2.3 2.03 5.7 2.5 0.006

2S¢ is the amplitude reduction factor; Error bounds that characterize the structural parameters obtained by EXAFS spectroscopy were
estimated as N £ 20%, R + 1%, 6% £ 20%, AEo +20%. ° The coordination number. ¢ The interatomic distance (the bond length
between central atoms and surrounding coordination atoms). ¢ The Debye-Waller factor (a measure of thermal and static disorder in
absorber-scatterer distances). ¢ The edge-energy shift (the difference between the zero kinetic energy value of the sample and that of
the theoretical model). f R factor is used to value the goodness of the fitting. ¢ This value was fixed during EXAFS fitting, based on the

known structure.



Table S4. The binding energy of the catalysts prepared in this work.

Binding energy for the corresponding

H H a
Catalyst Binding energy (eV) zero-valent metal (V)P
Pti/CDP 73.1 (4f7p) 71.2 (4f71)
Co1/CDP 781.4 (2par) 778.3 (2par)
Nii/CDP 858.9 (2par) 852.7 (2par)
Cu,/CDP 932.9 (2p3r2) 932.7 (2par)
Ru1/CDP 281.2 (3dsp) 280.1 (3ds2)
Rhy/CDP 309.8 (3ds2) 307.2 (3ds/2)
Ir{/CDP 62.8 (4f72) 60.9 (4f712)

& The binding energies of the corresponding metal in the atomically dispersed
catalysts prepared in this work (The core-level for the binding energy is listed in
parenthesis). ® Data from the literature [8].

Table S5. Recoverability and reusability of the Pti/CDP catalyst.?

a o o)
N/
+ /B—B\
(0] (0]
1a 2a

Pt,/CDP

(0) (0]
~g” (’)
> N B\O
Toluene, 100 °C, 2h
3aa

Entry Catalyst Conversion (%)° Selectivity (%)°
1 Pt:/CDP 88.2 100
Recovered from entry 1 86.7 100
Recovered from entry 2 86.9 100
Recovered from entry 3 86.8 100
Recovered from entry 4 87.0 100

& Reaction conditions: phenylacetylene (0.5 mmol), Bgzpin, (0.55 mmol), catalyst (0.1
mmol% based on metal), toluene (2 mL), temperature (100 °C), reaction time (1 h).
Conversion and selectivity is determined by GC and GC-MS.




NMR Data of Diboration Products

o. .0
O)\/B\O

(E)-2,2'-(1-phenylethene-1,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborola
ne) (3aa).[® 'H NMR (400 MHz, Chloroform-d) & 7.47 (d, J = 7.4 Hz, 2H), 7.33
(dd, J=8.2, 6.6 Hz, 2H), 7.29-7.23 (m, 1H), 6.32 (s, 1H), 1.41 (s, 12H), 1.33 (s,
12H). 13C NMR (101 MHz, Chloroform-d) & 129.17, 128.32, 127.64, 126.57,
84.14, 83.60, 25.11, 24.91.

o.__0O
B Q/j\
B.
O)\/ o)

(E)-2,2'-(1-phenylethene-1,2-diyl)bis(5,5-dimethyl-1,3,2-dioxaborinane)
(3ab).[1% 1H NMR (400 MHz, Chloroform-d) 8 7.49 (d, J = 7.6 Hz, 2H), 7.33 (t, J
= 7.5 Hz, 2H), 7.26 (q, J = 7.2, 6.5 Hz, 1H), 6.21 (s, 1H), 3.76 (s, 4H), 3.73 (s,
4H), 1.09 (s, 6H), 1.05 (s, 6H). *3C NMR (101 MHz, Chloroform-d) & 143.08 ,
128.28 ,127.29,126.60, 72.50, 72.44 ,31.89,31.71,22.29,21.99 .

(E)-2,2'-(1-(p-tolyl)ethene-1,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborol
ane) (3ba).l'¥ 'H NMR (400 MHz, Chloroform-d) & 7.34 (d, J = 8.0 Hz, 2H),
7.11(d, J=7.9 Hz, 2H), 6.26 (s, 1H), 2.31 (s, 3H), 1.37 (s, 12H), 1.29 (s, 12H).

13C NMR (101 MHz, Chloroform-d) & 155.12 , 140.18 , 137.44 , 129.08 ,
127.91, 126.48 ,84.09 , 83.53, 25.13, 24.91, 21.20.
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(E)-2,2'-(1-(m-tolyl)ethene-1,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaboro
lane) (3ca).[*d 'H NMR (400 MHz, Chloroform-d) & 7.24 (d, J = 10.9 Hz, 2H),
7.18 (t, J = 7.5 Hz, 1H), 7.05 (d, J = 7.3 Hz, 1H), 6.27 (s, 1H), 2.32 (s, 3H), 1.37
(s, 12H), 1.30 (s, 12H). 3C NMR (101 MHz, Chloroform-d) & 155.49 , 143.05,
137.76 , 128.42 , 128.18 , 127.35, 123.70 , 84.10 , 83.56 , 25.10 , 24.91 ,
21.50 .

I

(E)-2,2'-(1-(o-tolyl)ethene-1,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborol
ane) (3da).[! 'H NMR (400 MHz, Chloroform-d) & 7.15 (s, 4H), 6.06 (s, 1H),
2.34 (s, 3H), 1.36 (s, 12H), 1.33 (s, 12H). 13C NMR (101 MHz, Chloroform-d) &
144.63 , 134.54 , 129.89 , 128.01 , 126.69 , 125.60 , 83.93 , 83.60 , 24.96 ,
24.89 ,20.48 .

Q&Bi

(E)-2,2'-(1-(4-bromophenyl)ethene-1,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-di

oxaborolane) (3ea). *H NMR (400 MHz, Chloroform-d) & 7.42 (d, J = 8.4 Hz,
2H), 7.30 (d, J = 8.4 Hz, 2H), 6.28 (s, 1H), 1.36 (s, 12H), 1.30 (s, 12H). 3C
NMR (101 MHz, Chloroform-d) & 131.42 , 128.25, 84.28 ,83.73 , 25.05, 24.89.
HRMS (APCI) calcd for C20H290B2BrO4 (M+H*): 435.1508, found: 435.1505



(E)-2,2'-(1-(4-nitrophenyl)ethene-1,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dio
xaborolane) (3fa). 'H NMR (400 MHz, Chloroform-d) & 8.18 (d, J = 8.7 Hz,
2H), 7.58 (d, J = 8.7 Hz, 2H), 6.43 (s, 1H), 1.38 (s, 12H), 1.34 (s, 12H). 3C
NMR (101 MHz, Chloroform-d) & 149.85 , 147.06 , 127.56, 123.87, 84.56 ,
84.04 ,24.99, 24.89 . HRMS (APCI) calcd for C20H290B2NOs (M+H*): 402.2254,
found: 402.2256

(E)-2,2'-(1-(4-methoxyphenyl)ethene-1,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (3ga).[¥! 1H NMR (400 MHz, Chloroform-d) & 7.40 (d, J = 8.3
Hz, 2H), 6.84 (d, J = 8.3 Hz, 2H), 6.22 (s, 1H), 3.78 (s, 3H), 1.38 (s, 12H), 1.30

(s, 12H). 3C NMR (101 MHz, Chloroform-d) & 159.42 , 13543 , 127.77 ,
113.74,84.10, 83.50, 25.12 , 24.86 .

(E)-2,2'-(1-(4-chlorophenyl)ethene-1,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-di
oxaborolane) (3ha).'? 'H NMR (400 MHz, Chloroform-d) & 7.37 (d, J = 8.4
Hz, 2H), 7.27 (d, J = 8.5 Hz, 2H), 6.27 (s, 1H), 1.37 (s, 12H), 1.30 (s, 12H). 3C
NMR (101 MHz, Chloroform-d) & 128.48 , 127.91 , 84.27 , 83.72 , 25.06 ,
24.89 .
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(E)-2,2'-(1-cyclohexylethene-1,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxabo
rolane) (3ia).[*1 'TH NMR (400 MHz, Chloroform-d) & 5.77 (s, 1H), 2.08 (t, J =
11.0 Hz, 1H), 1.72 (d, J = 10.9 Hz, 4H), 1.31 (s, 12H), 1.24 (s, 12H), 1.23 —
1.03 (m, 6H). 3C NMR (101 MHz, Chloroform-d) & 83.57 , 83.15 , 47.65 ,
32.22,26.55, 26.45, 25.04 , 24.84 .
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DFT optimized structures

XY Z-coordinates of optimized structures of Mi1/CDs (M=Pt, Co, Ni, Cu, Ru, Rh,
Ir;- represents C atom, ﬂ represents H atom, ° represents O atom,
represents Pt atom, . represents Co atom, . represents Ni atom,

represents Cu atom, rl represents Ru atom, L) represents Rh atom, L]
represents Ir atom).
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-0.57236800

0.14378400

3.13309400

2.37800400

1.90298100

-1.52223800

-2.36174900

-0.58808800

1.93295700

1.58026400

0.56467800

-3.18294900



3.51182100

5.23873600

3.05411900

5.09210500

4.98856500

2.79041800

-0.61186900

0.37885800

-1.13780900

0.99720200

3.14377700

2.10273400

2.98133500

3.70427900

0.19188200

3.50036500

-6.37532600

-6.06576100

4.66917100

3.17409000

2.79896700

3.70575200

3.91650400

3.57929600

4.93230700

5.17869200

3.34043200

3.44143900

6.64558300

6.13560200

6.88406200

1.20512800

5.31996900

5.63139000

5.27789300

-1.03316900

-1.94731400

-0.67463700

-2.34433800

-2.61544100

0.18476800

-0.16149600

3.27208500

-0.47576700

-3.00382300

-3.03215200

-2.13010500

2.55462200

1.63166100

0.07299200

3.19288600

0.93859100

3.29162500

1.93334900

2.54321900

2.40364900

-2.87137800
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3.42447400

2.59230800

3.63317100

2.85303600

3.32536000

5.12595000

1.48730600

3.20513800

3.12406700

5.84923900

5.45885800

5.38974000

0.52065100

4.63625100

2.62229500

2.89674300

5.50590600

5.01492600

6.43464700

-5.47402200

-5.26614400

-4.46777800

-4.75008700

-3.48736400

-4.41327600

-4.74691500

-3.69013700

-5.73831700

-4.04595700

-5.39650600

-3.37944700

-5.29836000

-3.71735600

-3.94111300

-2.69982600

-4.60881900

-2.12140500

-3.37901100

-2.03278400

-2.47573500

-1.04022200

0.23793900

-1.42513400

-0.75787400

-0.16646200

1.29684100

0.62939600

-1.92423200

-0.39584000

0.34156000

0.72384200

1.49076100

2.68077300

0.94061100

-2.63451400

-0.14902500

0.66093900
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-0.25849600

-0.35113000

1.01978900

2.91748200

3.02388300

1.53662200

5.97864300

-0.96464700

0.42626300

-1.02012600

3.88075300

5.67515000

6.98546000

5.88486400

-1.57268000

-0.24452500

-1.96583000

1.19461300

6.52132700

5.89107900

4.62498200

4.83914800

6.74818500

-2.57759700

-0.75718500

-4.29237000

-6.24106200

-5.82749700

-5.24833800

-3.17173200

-3.83992000

-1.06402000

-3.47282800

-7.22727200

-6.77663400

-5.33588800

-0.08800000

-1.47080000

-0.38231800

-2.31288200

-3.04940600

-4.33156700

-6.76151900

1.06550600

-0.70941600

0.22321500

-0.08130100

0.87107000

-2.74866900

-1.81378500

1.31248900

-0.10067300

1.53970300

3.14946100

3.35644100

2.65640200

-0.13560200

0.36544600

-0.76723800

0.58016900

3.12317600

1.00678400

-0.00396800

-1.49170300

1.12630400

-0.34743400

-0.42145500

-1.13378300

0.89872400

2.37526500

0.93277900

-1.65533600

-1.49065900

2.02107800

1.66998500



o O =

T

I

o O O

-1.96792900

-2.57681500

-2.72103900

-1.20899500

6.35692100

7.14059200

5.86147700

5.06461500

6.60531100

7.79587700

-2.98368800

-3.85517900

-2.12121700

-0.54603300

5.02945900

7.02640200

7.27009400

6.63648600

-4.83271400

-4.26378500

-3.86638800

-1.59570300

4.69227500

-4.92263000

-3.35865500

-1.59919500

-3.47447200

-4.73019600

-5.46781600

1.77192900

-1.39169800

0.09321100

-1.40551100

1.59827900

0.57064400

-1.91557100

-3.88282400

-6.35640600

-5.00750100

2.18170300

2.63536000

-1.76413500

0.94391600

-3.69662700

-3.05056800

-4.94948500

-7.11992200

3.56097100

-2.35776000

-3.25361000

0.38863100

-1.39024900

0.26389400

-1.10592300

-0.31696000

2.38378200

3.12472100

2.56844100

-2.70223900

-1.34760700

2.41495400

-1.81635600

-1.72950000

-1.85658700

-0.50342900

-0.25065500

3.26372100

-3.41541200

-0.80162900

-3.02955900

-2.04290500

-2.01096400

-0.33040200

-0.30268000

-4.09211000
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-4.33110000

-5.27837400

3.77050700

5.60375900

4.01656200

-5.98040700

-3.97420600

-3.57104000

-4.81298400

-5.21103200

-3.31413400

3.30350600

4.40663700

2.91698500

4.94687600

3.18239100

3.44111000

-5.39521700

-6.57715700

-6.64349900

-4.94854900

-4.86373400

-6.26526400

2.59116100

3.44585000

-1.57909300

-3.38355800

3.71960900

4.15684400

4.01115400

-2.40331000

-2.05466500

-2.57430400

-0.87617900

-1.34604400

-1.25697600

5.07555300

3.46099000

3.04185000

4.02056400

3.31772900

5.42216300

-2.52853500

-1.49083800

-3.25487600

0.05202000

-0.02884600

-1.37589900

5.49673200

3.55630300

-2.64512100

-3.30235400

0.87386800

-0.18654500

-1.63313300

0.79822000

0.14468800

-4.74822400

-3.78020300

-1.41923300

-2.38184500

0.94558700

2.22996800

0.74346700

-2.68856300

-1.83020700

-1.46435400

2.10596600

0.83607500

0.60757100

-3.52570800

-0.95453500

-1.72663200

-0.18842000

3.26737700
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4.82875900

5.23329300

5.35912600

2.72113800

4.29242700

-4.58574000

-5.85205900

1.42963000

2.30071600

3.01651800

1.77410400

-5.58149500

-5.89862400

-6.83055300

0.20613400

-4.31162300

-6.04902700

-4.58676800

-6.71803000

-0.44447300

0.38069900

-0.73371800

-4.17174000

-3.50648800

-4.24715200

2.45464100

4.17537600

3.13891600

5.87777000

6.10137500

-3.06990600

0.87618300

4.70182000

6.53325700

4.42276400

5.72774900

1.39057000

2.04329000

0.38753600

5.21550500

2.05441000

1.60377700

2.81202100

2.71848500

4.23412500

6.16002900

5.45042800

2.49753700

1.35390200

3.25196000

2.25891100

2.37227100

-2.73561100

-2.58439400

-1.32435000

2.02278700

-0.56029000

-0.38910500

0.00627800

3.18372500

-2.42797200

0.72592800

-1.56298400

-0.48140900

0.11422200

0.85306800

-2.91557300

-1.52695000

-1.28541400

1.09980000

0.64165000

-1.05929300

2.30512900

0.60055700

-0.11034000
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-6.95830900

-4.65538600

-3.78742600

-1.71461300

0.36179400

-0.62243200

-0.13341300

-0.89311500

-2.07910600

-3.87455700

-3.38231800

-5.12018600

-2.93133800

-4.96197900

-4.89959200

-2.63738500

0.78837600

-0.24598500

1.26636500

-0.82666800

-2.97849400

-1.91030300

-2.93741100

-3.53999100

-0.00208100

1.31525900

3.97489500

2.14265300

478474700

3.98546500

3.27440100

6.38773800

4.49016800

5.96849900

1.42768300

3.25128900

2.92220000

3.77887100

4.02617800

3.68588900

5.00087300

5.18107400

3.36733300

3.42736000

6.66419500

6.20603600

6.93546900

1.19505600

5.40862300

5.65212000

-3.06768700

-2.34145800

-1.87253800

1.53366100

2.36258500

0.59829000

-1.93715800

-1.57364500

-0.55393400

3.21731800

2.38177200

2.64164400

-0.16389100

0.20213200

-3.23180800

0.49307400

2.99564300

3.04030900

2.12720700

-2.55513900

-1.61556000

-0.06611300

3.13226000

0.96056900

3.29066000
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-3.35589600

6.34672200

6.01485800

-4.66991500

-3.82785900

-2.98414500

-3.98947300

-3.20878400

-3.64886700

-5.47673500

-1.84757600

-3.51260700

-3.51250100

-6.19603900

-5.84203900

-5.69291100

-0.89057000

-4.94232200

5.35549700

-1.21011100

-2.11481700

-0.55543800

-5.31382600

-5.13243200

-4.33521400

-4.68909100

-3.35410600

-4.23605900

-4.72440600

-3.65356000

-5.67931100

-3.80351200

-5.21840400

-3.23183000

-5.31685900

-3.63645700

-1.91189100

-2.54290500

-2.39355500

2.74200100

2.18381600

2.61647200

1.15613600

-0.10398000

1.51080400

0.85774700

0.31664900

-1.20193300

-0.46516900

2.00399100

0.52580600

-0.27856200

-0.55673900

-1.40774900
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-2.93099100

-3.17157900

-5.87718000

-5.27740200

-6.73430100

-0.08688000

-0.04126200

-1.39825200

-3.26495700

-3.30573100

-1.84304900

-6.19796300

0.63786100

-0.84076100

0.61539300

-4.23073500

-5.82919400

-7.21641200

-6.11081900

1.26001400

-0.07023700

1.61646700

-1.59927100

-6.63253700

-6.03520400

-3.97142100

-2.66324200

-4.35164800

-1.97219700

-3.20509800

-4.34274000

-6.25925500

-5.85330700

-5.28450900

-3.21415000

-3.90257500

-0.87946600

-3.51476700

-7.21098100

-6.82570200

-5.33998800

0.04706700

-1.25129000

-0.15816700

-2.38911900

-3.05436900

-4.37539100

-6.71853800

1.23460000

-0.60999100

-2.57287100

-0.87675200

2.73682800

0.17312900

-0.60820000

-1.16520100

0.29021200

-1.36244700

-2.99703900

-3.27694200

-2.54714400

0.10227500

-0.24050300

0.98016700

-0.37747700

-2.97723500

-1.06187500

-0.04251200

1.43809700

-1.04074600

0.46176100

0.57315400

1.33179700

-1.01250800

-2.41522200
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-4.76984100

-5.05918900

-6.92898000

2.21079500

0.44444000

1.70817500

2.23853100

2.36907600

0.83272300

-6.47506600

-7.30851600

-5.95779300

-5.23088200

-6.79422300

-7.98234000

2.53835200

3.51065100

1.72551200

0.17986500

-5.13904300

-7.11177700

-7.42483400

-6.86266500

4.49204100

3.92411600

0.32050300

0.11153400

1.12323600

-2.87157500

-1.87360100

-1.67145300

-3.51763400

-4.80448000

-5.48183400

1.97225600

-1.24610500

0.16649800

-1.34150500

1.88232500

0.85469800

-2.05837400

-3.94887900

-6.37524200

-4.99038200

2.34239300

2.85563000

-1.65318900

1.25133200

-3.71839800

-3.18545500

-0.97037600

1.61776600

1.37492300

-1.97540800

-1.56585100

-0.33965900

1.53678900

-0.09718100

1.27737000

0.18514000

-2.43374100

-3.18851600

-2.56561400

2.56764500

1.21146300

-2.47453600

1.95787200

1.92148700

2.01695300

0.39447200

0.07445100

-3.30007300

3.29901700

0.95516600

3.21506100



O O T @

T

3.51532900

1.18324300

-4.75168600

4.59609100

2.99215900

4.05685600

4.92045800

-3.75444400

-5.63446600

-4.14520000

5.57605100

3.63356700

3.21882800

454121000

4.96695700

3.05816900

-3.25146600

-4.31497800

-2.92611600

-5.13687900

-3.34109000

-3.52870900

4.85890000

6.15786000

6.23495300

-5.02496200

-7.11838100

3.70180300

-2.35353800

-3.40403000

-1.70070100

-3.56922000

3.77468600

4.31274100

4.20502700

-2.36253200

-1.98937800

-2.76536800

-1.07164500

-1.43555400

-1.32571000

5.11501900

3.45942500

3.08751000

4.28987400

3.50612700

5.59361800

-2.45165900

-1.44514700

-3.23181000

2.13285300

2.22462500

0.17684600

0.53626400

4.25062000

2.90648500

3.48919100

-0.97419200

-0.05537400

1.49415500

-0.62845400

0.16896700

4.94197600

4.08185500

1.70766700

2.64039400

-1.08764300

-2.35165600

-0.75805500

2.48836200

1.77777600

1.28757800

-1.89016700

-0.69856000

-0.54396200
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4.66328500

4.70875700

6.01603600

-2.60031300

-3.29522400

-4.73976800

-5.12811500

-5.55737100

-2.87006500

-4.35425000

4.03389300

5.74454300

-1.47243100

-2.27392500

-2.87208300

-1.92222100

5.60615200

5.70598800

6.71765900

-0.20473400

4.32570000

5.72528600

4.41011300

6.55321600

0.48289000

-0.12660500

-0.06883600

-1.56304000

5.58231800

3.50687800

2.45397200

4.16901800

3.41484300

6.09808900

6.28035200

2.98775900

0.82246900

4.77532600

6.60060400

4.37732400

5.89708800

1.38063800

1.96957100

0.31625700

5.24357700

1.99011500

1.51045900

2.75494000

2.64069000

4.22401800

3.88688700

1.35315600

2.00741400

0.06507400

-3.33488600

-2.36150900

-2.57287900

2.57196900

2.42362500

1.05892800

-1.77231400

1.06134700

0.37915300

-0.16544400

-3.26407300

2.35059600

-0.22671800

2.08790800

1.06497500

-0.05279600

-0.44864800

3.44307200

1.93786000

1.89883900

-0.97283700
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-0.31688700

0.66268400

4.22906800

3.53136000

4.18894200

6.61822800

4.42343000

3.57691700

1.79018200

-0.24842900

0.60720100

0.03358800

0.76235600

2.05097800

3.65310800

3.59266800

5.22479400

2.87724800

4.93296900

4.57925700

2.65065100

-0.59827400

0.38373700

-1.18139700

0.69311100

6.18097400

5.47828100

2.39261200

1.26916600

3.19706300

1.22378600

3.91795200

2.09582400

4.73707200

3.96147100

3.27347300

6.44924300

4.52488000

5.95161100

1.36408000

3.27202800

2.58417000

3.73561100

3.96403000

3.62546000

4.95370100

5.14873500

3.30735500

3.43370000

6.72112200

-0.60919100

1.17546700

-1.91730800

-0.22609100

0.49656000

3.67502800

2.75598800

2.21664600

-1.33819700

-2.27757700

-0.43849700

1.99421400

1.71704700

0.74937100

-2.77629900

-2.03563200

-2.31645600

0.44378800

0.24047900

3.66480900

-0.24448600

-2.96851600

-2.89844700

-2.08671400

2.64997600



0] 2.88734800  6.18414600  1.86219000
H 1.93920900  6.91431700  0.23725400
H 2.68408500  1.39072600 -2.74364000
H 3.58868300  5.33670300 -0.66075900
H 0.22303200  5.59553300 -3.21299800
H 3.21416000  5.32881800  2.20237200
0] -6.62663100 -0.93436900  2.50336600
H -6.31791400 -1.85311100  2.39540600
Ir 4.26341100 -0.58645200 -2.54508200

XYZ-coordinates of optimized structures of molecules in Pt-catalyzed diboration
of phenylacetylene - represents C atom, - represents H atom, °
represents B atom, ) represents Pt atom).

represents O atom,

C -1.51117300 -1.20856700  0.00000200
C -0.11937000 -1.21376300 -0.00003000
C 0.59234900 -0.00000100  0.00000300
C -0.11936600  1.21376100 -0.00001200
C -1.51116800  1.20857000 -0.00000600
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-2.21055400

-2.05185600

0.42912200

0.42913200

-2.05185100

-3.29633700

2.02134000

3.23177400

4.29880200
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Video S1: This video is referred to as Video S1 in the text, which shows IRC

reaction pathway for the diboration of phenylacetylene over Pt1/CD.

Video S2: This video is referred to as Video S2 in the text, which shows IRC

reaction pathway for the diboration of phenylacetylene over Pt1/CD-b.

Video S3: This video is referred to as Video S3 in the text, which shows IRC

reaction pathway for the diboration of phenylacetylene over Pt1/CD-b-noH.
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