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1. General procedures and characterization techniques
Reagents

[Ru(COD)(COT)] precursor was purchased from Nanomeps Toulouse, Ni(COD), from
Alfa-Aesar, tetrahydrofuran from CARLO ERBA, D, gas from Air liquid (France),
Deuterated solvents from Eurisotop, H, from Hydrogen Gas Generator AVANTEC model
40H (water electrolysis). 2,6-diisopropylaniline, formaldehyde, glyoxal, ammonium
chloride, acetic acid, propanesultone and potassium tert-butoxide were purchased from
Merck. All the reagents were used without further purification.

Transmission Electron Microscopy (TEM)

MNPs were observed by TEM after the deposition of a drop of a solution of the isolated
NPs suspended in water over a copper grid coated with amorphous carbon. TEM analyses
were performed at Raimond Castaing Microanalysis Centre (UAR 3623) (Toulouse, France)
using a JEOL JEM 1400 electron microscope working at 120 kV. The NPs average size
approximation was made by manual analysis of the magnified micrographs measuring 200
particles on a given grid using ImagelJ software.

High Resolution TEM coupled to Energy Dispersive X-ray Spectroscopy (HR-
TEM-EDX)

MNPs were observed by HR-TEM after the deposition of a drop of a solution of the
isolated MNPs suspended in THF or water over a holey carbon-coated copper grid. HR-TEM
analysis was performed at Raimond Castaing Microanalysis Centre (UAR 3623) (Toulouse,
France). TEM and scanning transmission electron microscopy (STEM) studies were
performed using a JEOL cold-FEG JEM-ARM200F operated at 200kV equipped with a
probe Cs corrector reaching a spatial resolution of 0.078 nm. EDX spectra were recorded on
a JEOL CENTURIO SDD detector.

Thermogravimetric analysis (TGA)

TGA analyses were performed in a TGA/DSC 1 STAR System equipped with an ultra-
microbalance UMXS, a gas switch GC200 and sensors DTA and DSC. The samples were
analyzed through a two steps oxidation/reduction method. First the sample was heated from
25 °C to 500 °C at 20°C/min under air and kept at 500 °C during 2h. After cooling down, it
was heated again from 25 °C to 700 °C at 30 °C/min under a gas mixture Ar/H, 4% and kept
at 700 °C during 3h.

Inductively coupled plasma atomic emission spectroscopy

Chemical composition of the powder was determined by inductively coupled plasma mass
spectrometry (ICP-MS, Pascher laboratory) after digestion in acid media.

Nuclear Magnetic Resonance (NMR)

'H-NMR experiments were recorded in a 500 MHz Bruker Avance spectrometer using
deuterated solvents as internal reference.
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Catalytic assay

Catalytic assays were carried out, generally, using L-lysine as model substrate. Thus,
0.150 mmol of the substrate, 2 mL of D,0, and 8 mol% of the corresponding metals (based
on TGA, and ICP-MS analysis of the nanocatalysts), were added to a Fischer-Porter flask
(100 mL). Reactor was pressurized with 2 bars of D, and the reaction was stirred at 55 °C
during 48 h. Then, an aliquot of the reaction was taken for NMR analysis. The deuteration
percentage was calculated from the relationship between the integrals from the starting
substrate and product.

Example of the calculations for the deuterium incorporation:

I(a - Lys!
(a-Lys)

I(a - Lyso)

% no deuterated (a - Lys): 100

% deuterium incorporation (a« — Lys):100 — % no deuterated (a — Lys)

Being a-Lys! the integral for Lys-H® obtained from the different 'H-NMR experiments.

Being a-Lys® the maximum integral value for Lys-H®.

2. Synthesis and characterization data for imidazolium salt
and free carbene

Imidazolium salt (IPrPrSO;H) was synthesized following the method previously
described by Shaugnessy and co-workers (Scheme S1).!
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H H

Scheme S1. Synthesis of imidazolium salt IPrPrSO;H.

IPrPrSO;H: glacial acetic acid (17.5 mL),

X SOz formaldehyde (37 % aqueous solution, 5.00 mL, 66.70

S N\/g mmol) and glyoxal (40 % aqueous solution, 8.20 mL, 71.80
@ mmol) were added with constant stirring at rt in a two-
necked round-bottom flask. Subsequently, ammonium

acetate (5.43 g, 70.45 mmol), glacial acetic acid (17.5 mL)
and water (1.5 mL) were mixed in an addition funnel, to which 2,6-diisopropylaniline (13.80
mL, 66.05 mmol) was added. The solution containing the aniline was added dropwise into
the two-necked round-bottom flask, previously heated to 70 °C. Then, it was stirred at 70 °C
for 48 hours and allowed to cool to room temperature (r. t.). The solution obtained was added
to a saturated NaHCOj; solution, allowing neutralization, and stirred for 1 hour at r. t.
Precipitate was filtered using a Biichner funnel and the brown residue was sublimated under
vacuum at 80 °C over night. To form the propylsulfonate chain, 1-(2,6-diisopropylphenyl)-

IPrPrSO3H
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1H-imidazole (2.24 g, 9.81 mmol) was added to acetone in a Schlenk flask with
propanesultone in excess (2.39 g, 19.6 mmol) and left to stir at r. t. for 5 days. IPrPrSO;H
was obtained as a white solid which is filtered and washed with acetone (3.22 g, 93.9%). (‘H-
NMR DQO, 500 MHZ)I 0=9.15 (t, 4JH,H: 1.6 HZ, IH, CH2 Irn), 7.82 (dd,3JH’H: 1.9 HZ, 4JH,H:
1.6 Hz, 1H, CH? Im), 7.69 (dd,*Jyu= 1.9 Hz, 4Jyy= 1.6 Hz, 1H, CH* Im), 7.60 (t, *Jy 5= 7.9
Hz, 1H, p-CH IPr), 7.43 (t, Uyy= 7.9 Hz, 2H, m-CH 1Pr), 4.50 (t, 3Jyu= 7.0 Hz, 2H,
CH,CH,CH,), 2.44 (t, 3Jyu= 7.0 Hz, 2H, CH,CH,CH,), 2.39 (quint, 3Jyuz= 7.2 Hz, 2H,
CH2CH2CH2), 2.31 (hept, 2H, 3JH,H= 7.0 HZ, 0-CH(CH3)2 IPI‘), 1.12 (d, 6H, 3JH,H= 2.5 HZ, o-
CH(CHj3), 1Pr), 1.11 (d, 6H, 3Jy y= 2.2 Hz, 0-CH(CHj3), IPr) ppm.

IPrPrSO;: N-heterocyclic carbene was synthesized in situ and their 'TH NMR spectrum
were recorded from an aliquot extracted before being used as stabilizer for MNPs. The free
carbene was generated by the addition of potassium terz-butoxide (1.1 eq) to the imidazolium
salt (1 eq) solution in THF (30 mL) and allowed to react overnight.

)
- [/ SO - SO4K
NN *_ 'BuOK NN ’
o THF hd
r.t,o.n.
IPrPrSO3H IPrPrSO3

Scheme S2. Synthesis of IMesPrSO;.

~ / \ SO3K IPrPrSO;: 0.0561 g (0.160 mmol) of IPrPrSO;H and

< N\/N\/\/ 0.0198 g (0.176 mmol) of potassium tert-butoxide were

@ - added in a Schlenck tube with 30 mL of THF and allowed

IPrPrsO3 to react for 16 h (Scheme S2). Afterwards, an aliquot was

taken and evaporated under vacuum before being re-

dissolved in THF-dg under inert atmosphere. 'H-NMR spectrum was recorded immediately

afterwards. (‘H-NMR THF-ds, 500 MHz): 7.13 (d, *Jyu= 7.9 Hz, 2H, m-CH IPr), 6.91 (t,

3JH,H: 7.6 HZ, IH, p-CH IPr), 3.99 (m, 4H, CHZCH2CH2), 1.68 (m, SH, CH2CH2CH2 + o-
CH(CHj;), IPr), 1.18 (s, 6H, 0-CH(CH3), IPr) ppm.

3. Synthesis and characterization data for Ru and Ru-Ni
nanoparticles

All the nanoparticles synthesis were carried out inside the glove box and under inert
atmosphere. Ru-based NPs were synthesized using the procedure known as the
organometallic approach.

Ru@IPrPrS0O3? and Ru@PTA3 were synthesized as it was previously described in the
literature.

Ru-Ni@IPrPrSO;: IPrPrSO; was synthesized before used it as stabilizer, as it was
already mentioned (Scheme S2). The free carbene was formed by the addition of 19.8 mg of
potassium ftert-butoxide (0.176 mmol) to 56.1 mg of IMesPrSO;H (0.160 mmol) solution in
THF (30 mL) and allowed to react overnight. Ru(COD)(COT) and Ni(COD), in different
molar percentages (1:1, 1:4) (total of 0.8 mmol) were added to a Fischer-Porter under inert
atmosphere with THF (30 mL) under inert atmosphere. Subsequently, free carbene solution
was added (0.2 eq). 3 bars of H, were used to pressurize and allowed to react atr. t. overnight.
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Finally, solvent was removed under vacuum (up to 2 mL aprox.) and the Ru-Ni NPs were
precipitated and washed with pentane (3 x 30 mL) and dried under vacuum overnight.

RuNi@IPrPrSOj;: 0.0561 g (0.160 mmol) of IMesPrSO;H and 0.0198 g (0.176 mmol)
of potassium tert-butoxide were used, along with 0.1254 g (0.4001 mmol) of
Ru(COD)(COT) and 0.1100 g (0.3999 mmol) of Ni(COD), with the method above described
(116.3 mg; 92.2 %). Metal weight percentage of 51.3% (0.196 eq. of NHC) determined by
TGA. Ru:Ni molar ratio: 53:47, determined by ICP-MS. TEM: 1.5 £ 0.3 nm.

RuNiy@IPrPrS0Os;: 0.0561 g (0.160 mmol) of IMesPrSO;H and 0.0198 g (0.176 mmol)
of potassium zert-butoxide were used, along with 0.0501 g (0.160 mmol) of Ru(COD)(COT)
and 0.1760 g (0.6399 mmol) of Ni(COD), with the method above described (108.9 mg; 93.9
%). Metal weight percentage of 45.1% (0.211 eq. of NHC) determined by TGA. Ru:Ni
molar ratio: 22:78, determined by ICP-MS. TEM: 1.3 £ 0.2 nm.

Supported Ru NPs: Ru(COD)(COT) and the support, in a weight ratio of 10%, were
added to a Fischer-Porter under inert atmosphere with THF (5 mL). The mixture was stirred
during 24 h for wet impregnation. Subsequently, 3 bars of H, were used to pressurize the
reactor and reaction was stirred at r. t. overnight. Finally, solvent was removed under vacuum
and the supported Ru NPs were washed with pentane (3 x 30 mL) and dried under vacuum
overnight.

Ru/C: 0.3442 g (1.10 mmol) of Ru(COD)(COT) and 1 g of Carbon were used for the
method above described (1.087 g; 97.9 %). Metal weight percentage of 9.9 % determined by
TGA. TEM: 3.0 + 0.6 nm.

Ru/Cmeso: 0.3442 g (1.10 mmol) of Ru(COD)(COT) and 1 g of Mesoporous Carbon
were used for the method above described (1.063 g; 95.7 %). Metal weight percentage of
12.6 % determined by TGA. TEM: 2.6 £ 0.5 nm.

4. ICP-MS determination

Table S1. Mass and molar percentages of Ru and Ni in bimetallic NPs determined by ICP-AES.

Ru Ni Mass Vol Ru% Ni% Ru:/Ni

Entry MNPs ppm ppm (mg) (mL) mass mass mol ratio

1 RuNi@IMesPrSO; 6638 3342 931 50 3565 17.95 53:47
2 RuNi;@IMesPrSO; 2643 5484 9.63 50 13.72 28.47 22:78

5. XRD measurements for Ru-Ni NPs and Supported Ru NPs
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Figure S1. XRD diffractogram for Ru/Ru-Ni NPs systems. References: Ru hep and Ni fce structures.
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Figure S2. XRD diffractogram for RuNP/C system showing an hcp structure.
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Figure S3. XRD diffractogram for RuNP/Cmeso system showing an hcp structure.

6. TEM images for Ru and Ru-Ni NPs
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TEM micrograph and size distribution for Ru@PTA NPs.
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TEM micrograph and size distribution for RuNi@IPrPrSO;

Figure S6.
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Figure S7. TEM micrograph and size distribution for RuNi4@IPrPrSO; NPs.

Figure S8. TEM micrograph and size distribution for RuNP/C NPs.
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Figure S9. TEM micrograph and size distribution for RuNP/Cmeso NPs.

Table S2. Sizes of NPs obtained.

MNPs Size (nm)

Ru@IPrPrSO;

Entry

1.5+0.3
0.9+0.2

Ru@PTA
RuNi@IPrPrSO;

1.5+£0.3

1.3£0.2
3.0+ 0.6
2.6+0.5

RuNi4@IPrPrSO;

Ru/C
Ru/Cmeso

S11



7. HR-TEM images for Ru and Ru-Ni NPs

Figure S10. STEM-HAADF micrograph for Ru@IPrPrSO; NPs.

Figure S11. STEM-HAADF micrograph for RuNi@IPrPrSO; NPs.
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Figure S12. STEM-BF micrograph for RuNP/Cmeso NPs

8. EDX spectra for Ru-based NPs

10 nm 10 nm

Figure S13. HR-STEM-HAADF image of RuNi@IPrPrSO; NPs (a). Elemental mapping of Ru (b) and
Ni (c).
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Figure S14. HR-STEM-EDX image of RuNP/Cmeso.
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9. SEM images for supported Ru NPs

—
%x10,000 10.0kV LED S| x10,000 10.0kV BED-C SEM

x5,000 10.0kV LED S| 10.0kV BED-C

Figure S16. SEM (a) and SEM-BSE (b) images for RuNP/Cmeso.
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10.H/D exchange of mixture of amino acids
Table S3. HIE reaction of L-lysine using mono and bimetallic NPs. Conditions: 2 bars of D,, 55 °C and

stirred for 48h.
o) . o
HZNWOH cat. (8 mol% M) + D, (2 bar) HZNWOH
NH, D,0 (2 mL), 55°C, 48 h NH,
L-Lysine
Deuterium incorporation (%)?

Entry Catalyst a Y €

1 Ru@IPrPrsoO3 99 30 99

2 Ru@PTA 98 0 73

3 RuNi@IPrPrso3 98 24 98

4 RuNi4@IPrPrso3 98 15 97

5 Ru/c® 99 12 99

6 Ru/Cmeso* 99 26 99

aDetermined by 'H-NMR spectroscopy. "Reaction conditions: 4 bars of D, 120 °C and stirred for 5h. “Reaction
conditions: 4 bars of D,, 120 °C and stirred for 30 min.

Table S4. Control experiments performed with Ru/Cmeso at different pHs and temperatures with and
without catalyst and D, pressure. General conditions: 34 mM L-Lys, 12.1 mg of Ru/Cmeso (1.21 mg Ru 8
mol %), 2h.

D, Temperature  ; Deuteri.um 0
Entry Catalyst Solvent pH  pressure Q) incorporation (%)

(bar) a-Lys €-Lys
1 RU/Creso D,0 9 2 55 52 32
2 - D,0 9 2 55 3 <1
3 Ru/C eso D,0 9 - 55 <1 <1
4 RU/Creso D,0 9 2 80 97 92
5 - D,0 9 2 80 12 4
6 Ru/Crreso D,0 9 - 80 <1 <1
7 RU/Crneso D,0 7 2 55 <1 <1
8 - D,0 7 2 55 <1 <1
9 RU/Crneco D,0 7 - 55 <1 <1
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Table SS. Deuterium incorporation over a mixture of L-alanine and L-lysine with different MNPs as
catalysts. General conditions: 8 mol% of metal, 55 °C, 2 bar D,, 48h.

0 @
H2N . cat. (8 mol% M) + D, (2 bar) Hz oH + oH
\N\HLOH \‘)\OH D,0 (2 mL), 55 °C, 48h \/\/\‘)L \N)Hk
NH2 NHZ 2
L-Lysine L-Alanine
[Ala]  [Lys] Deuterium incorporation (%)?
Entry Catalyst (mM)  (mM) pH a-Ala a-Lys e-Lys
1 Ru@IPrPrSO3 34 34 6 15 91 78
2 Ru@IPrPrSO3 68 68 6 5 59 56
3 Ru@IPrPrSO3 34 34 7.5 39 95 95
4 Ru@IPrPrSO3 34 34 9 14 82 55
5 Ru@IPrPrSO3 68 68 9 35 99 99
6 Ru@IPrPrSO3 34 34 7.5 (PBS 100 35 90 90
mM)
7.5 (PBS 100 mM
7 Ru@IPrPrSO3 34 34 +25 mM Nacl) 56 99 20
7.5 (PBS 100 mM
8 Ru@IPrPrSO3 68 68 +25 mM Nacl) 69 86 83
9 Ru@IPrPrsO3® 68 68 9 80 99 99
10 Ru@PTA 68 68 9 46 99 99
11 Ru@PTA 34 34 7:5(PBS 100 10 20 28
mM)
7.5 (PBS 100 mM
12 Ru@PTA 34 34 +25 mM Nacl) 7 22 24
7.5 (PBS 100 mM
13 Ru@PTA 68 68 +25 mM Nacl) 7 26 20
14 RuNi@IPrPrsoO3 34 34 7.5 7 30 10
15 RuNi@IPrPrsO3 34 34 9 15 90 90
16  RuNi4@IPrPrSO3 34 34 9 1 31 21
17 Ru/Cmeso® 68 68 7.5 98 98 98
18 Ru/CmesoP® 68 68 9 98 98 98

aDetermined by 1D 'H-NMR and/or 2D J-resolved '"H-NMR spectroscopy. "Reaction conditions: 8 mol% of metal, 120
°C, 4 bar D,, 1h.
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Figure S17. Deuteration Profiles of the mixture alanine/lysine at 30 °C (2 bar D,) using Ru@IPrPrSO; (a)

and RuNi@IPrPrSO; (b) as catalysts.
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Figure S18. Deuteration Profiles of the mixture alanine/lysine at 120 °C (2 bar D,) using Ru@IPrPrSO; (a)
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Figure S20. "H-NMR spectrum of IPrPrSOzH in D,0.
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Figure S21. In situ "H-NMR spectrum of IPrPrSO; in THF-ds.
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Figure S23. "H-NMR spectrum of L-lysine in D,O after reacting with Ru@IPrPrSO3 (8 mol% of metal,
55 °C, 2 bars D, during 48 h) (Table S3, entry 1).
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Figure S24. "H-NMR spectrum of L-lysine in D,O after reacting with Ru@PTA (8 mol% of metal, 55
°C, 2 bars D, during 48 h) (Table S3, entry 2).
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Figure S25. "H-NMR spectrum of L-lysine in D,O after reacting with RuNi@IPrPrSO3 (8 mol% of
metal, 55 °C, 2 bars D, during 48 h) (Table S3, entry 3).
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Figure S26. 'H-NMR spectrum of L-lysine in D,O after reacting with RuNi4@IPrPrSO3 (8 mol% of
metal, 55 °C, 2 bars D, during 48 h) (Table S3, entry 4).
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Figure S27. "H-NMR spectrum of L-lysine in D,O after reacting with RuNP/C (8 mol% of metal, 120 °C,
4 bars D, during 5 h) (Table S3, entry 5).
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Figure S28. "H-NMR spectrum of L-lysine in D,O after reacting with RuNP/Cmeso (8 mol% of metal,
120 °C, 4 bars D, during 30 min) (Table S3, entry 6).
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Figure S29. "H-NMR spectrum of L-lysine in D,O after reacting with RuNP/Cmeso (8 mol% of metal,
55 °C, 2 bars D, during 2 h at pH 9) (Table S4, entry 1).
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Figure S30. 'H-NMR spectrum of L-lysine in D,O after reacting without catalyst (55 °C, 2 bars D, during
2 h at pH 9) (Table S4, entry 2).
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Figure S31. "H-NMR spectrum of L-lysine in D,0O after reacting with RuNP/Cmeso without D, (8 mol%
of metal, 55 °C, during 2 h at pH 9) (Table S4, entry 3).
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Figure S32. 'H-NMR spectrum of L-lysine in D,O after reacting with RuNP/Cmeso (8 mol% of metal,
80 °C, 2 bars D, during 2 h at pH 9) (Table S4, entry 4).
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Figure S33. 'H-NMR spectrum of L-lysine in D,O after reacting without catalyst (80 °C, 2 bars D, during
2 h at pH 9) (Table S4, entry 5).
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Figure S34. "H-NMR spectrum of L-lysine in D,0O after reacting with RuNP/Cmeso without D, (8 mol%
of metal, 80 °C, during 2 h at pH 9) (Table S4, entry 6).
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Figure S35. 'TH-NMR spectrum of L-lysine in D,0 after reacting with RuNP/Cmeso (8 mol% of metal,
55 °C, 2 bars D, during 2 h at pH 7) (Table S4, entry 7).
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Figure S36. 'H-NMR spectrum of L-lysine in D,O after reacting without catalyst (55 °C, 2 bars D, during
2 hat pH 7) (Table S4, entry 8).
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Figure S37. "H-NMR spectrum of L-lysine in D,0O after reacting with RuNP/Cmeso without D, (8 mol%
of metal, 55 °C, during 2 h at pH 7) (Table S4, entry 9).
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Figure S38. 'TH-NMR spectrum of L-lysine in acetonitrile-d; after reacting with RuNP/Cmeso (8 mol% of
metal, 55 °C, 2 bars D, during 2 h) (Table S4, entry 10).
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Figure S39. "H-NMR spectrum of a mixture of L-Alanine and L-lysine in D,O.
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Figure S40. "H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,O after reacting with
Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 6, during 48 h) (Table S5, entry 1).
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Figure S41. 2D J-resolved 'H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,O after reacting
with Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 6, during 48 h) (Table S5, entry 1).
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Figure S42. 'H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,O after reacting with
Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 6, during 48 h) (Table S5, entry 2).
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Figure S43.2D J-resolved '"H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,O after reacting
with Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 6, during 48 h) (Table S5, entry 2).
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Figure S44. "H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,O after reacting with
Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D5, pH 7.5, during 48 h) (Table S5, entry 3).
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Figure S45. 2D J-resolved '"H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,0 after reacting
with Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 7.5, during 48 h) (Table S5, entry 3).
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Figure S46. 'H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,O after reacting with
Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 9, during 48 h) (Table S5, entry 4).
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Figure S47. 2D J-resolved '"H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,0 after reacting
with Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 9, during 48 h) (Table S5, entry 4).
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Figure S48. 'H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,O after reacting with
Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 9, during 48 h) (Table S5, entry 5).
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Figure S49. 2D J-resolved "H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,0 after reacting
with Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 9, during 48 h) (Table S5, entry 5).
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Figure S50. "H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,O after reacting with
Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D, pH 7.5 + 100 mM PBS, during 48 h) (Table S5, entry 6).
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Figure S51. 'TH-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,0 after reacting with
Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 7.5 + 100 mM PBS + 25 mM NaCl, during 48 h)
(Table S5, entry 7).
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Figure S52. 2D J-resolved 'H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,0 after reacting
with Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 7.5 + 100 mM PBS + 25 mM NacCl, during 48
h) (Table S5, entry 7).
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Figure S53. "H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,0 after reacting with
Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 7.5 + 100 mM PBS + 25 mM NaCl, during 48 h)
(Table S5, entry 8).
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Figure S54. 2D J-resolved "H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,0 after reacting
with Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 7.5 + 100 mM PBS + 25 mM NacCl, during 48
h) (Table S5, entry 8).
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Figure S55. "H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,0 after reacting with
Ru@IPrPrSO3 (8 mol% of metal, 120 °C, 4 bars D,, pH 9, during 1 h) (Table S5, entry 9).
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Figure S56. 'H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,O after reacting with Ru@PTA
(8 mol% of metal, 55 °C, 2 bars D,, pH 9, during 48 h) (Table S5, entry 10).
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Figure S57. 2D J-resolved "H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,0 after reacting
with Ru@PTA (8 mol% of metal, 55 °C, 2 bars D,, pH 9, during 48 h) (Table S5, entry 10).
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Figure S58. 'H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,O after reacting with Ru@PTA
(8 mol% of metal, 55 °C, 2 bars D,, pH 7 + 100 mM PBS, during 48 h) (Table S5, entry 11).
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Figure S59. 'TH-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,O after reacting with Ru@PTA
(8 mol% of metal, 55 °C, 2 bars D,, pH 7 + 100 mM PBS + 25 mM NaCl, during 48 h) (Table S5, entry 12).
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Figure S60. 2D J-resolved "H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,0 after reacting
with Ru@PTA (8 mol% of metal, 55 °C, 2 bars D,, pH 7 + 100 mM PBS + 25 mM NaCl, during 48 h) (Table
S5, entry 12).
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Figure S61. 'H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,0O after reacting with Ru@PTA
(8 mol% of metal, 55 °C, 2 bars D,, pH 7.5 + 100 mM PBS + 25 mM NacCl, during 48 h) (Table S5, entry 13).
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Figure S62. 2D J-resolved 'H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,0 after reacting
with Ru@PTA (8 mol% of metal, 55 °C, 2 bars D,, pH 7.5 + 100 mM PBS + 25 mM NaCl, during 48 h)
(Table S5, entry 13).
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Figure S63. "H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,0 after reacting with
RuNi@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 7.5, during 48 h) (Table S5, entry 14).
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Figure S64. 2D J-resolved 'H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,0 after reacting
with RuNi@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 7.5, during 48 h) (Table S5, entry 14).
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Figure S65. 'H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,O after reacting with
RuNi@IPrPrS0O3 (8 mol% of metal, 55 °C, 2 bars D,, pH 9, during 48 h) (Table S5, entry 15).
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Figure S66. 2D J-resolved "H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,0 after reacting
with RuNi@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 9, during 48 h) (Table S5, entry 15).
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Figure S67. 'H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,O after reacting with
RuNi4@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 9, during 48 h) (Table S5, entry 16).
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Figure S68. 2D J-resolved 'H-NMR spectrum of L-alanine/L-lysine (34 mM each) in D,0 after reacting
with RuNi4@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 9, during 48 h) (Table S5, entry 16).
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Figure S69. 'H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,O after reacting with
RuNP/Cmeso (8 mol% of metal, 120 °C, 4 bars D,, pH 7.5, during 1 h) (Table S5, entry 17).

S44



TONOTON T N OOMN~TO— O WOW
nnnwn Mmoo @ 00 © YUV TN
(e B sr Bse B o M o0 M op B o0 oNNeNN”Y T T T T T YT T T T
Ly G RN e P
|
|
f
Il
111} n 1 L
o~ o <r o ~
S o S S -
2 f8 = (I W
4.0 35 3.0 25 20 1.5 1.0 0.5

Chemical Shift (ppm)

Figure S70. '"H-NMR spectrum of L-alanine/L-lysine (68 mM each) in D,O after reacting with
RuNP/Cmeso (8 mol% of metal, 120 °C, 4 bars D,, pH 9, during 1 h) (Table S5, entry 18).
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Figure S71. 'H-NMR spectrum of a mixture of L-alanine, L-lysine, L-aspartate and L-serine (34 mM
each) in D,0 before (red) and after (blue) reacting with RuNP/Cmeso (8 mol% of metal, 120 °C, 4 bars D,,
pH 7, during 1 h).
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Figure S72. 'TH-NMR spectrum of a mixture of L-alanine, L-leucine, L-isoleucine and L-valine and
glycine (34 mM each) in D,0 before (red) and after (blue) reacting with RuNP/Cmeso (8 mol% of metal, 120
°C, 4 bars D,, pH 7, during 1 h).
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Figure S73. 'H-NMR spectrum of a mixture of 13 amino acids (Ala, Arg, Asp, Gln, Gly, Ile, Leu, Lys, Phe,
Ser, Thr, Tyr and Val) (total amino acid concentration: 136 mM) in D,0 before (red) and after (blue) reacting
with Ru@IPrPrSO3 (8 mol% of metal, 55 °C, 2 bars D,, pH 7, during 48 h).
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Figure S74. 'TH-NMR spectrum of a mixture of 13 amino acids (Ala, Arg, Asp, Gln, Gly, Ile, Leu, Lys, Phe,
Ser, Thr, Tyr and Val) (total amino acid concentration: 136 mM) in D,O before (red) and after (blue) reacting
with Ru@IPrPrSO3 (8 mol% of metal, 120 °C, 4 bars D,, pH 7, during 5 h).
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Figure S75. 'TH-NMR spectrum of a mixture of 13 amino acids (Ala, Arg, Asp, Glu, Gly, Ile, Leu, Lys, Phe,
Ser, Thr, Tyr and Val) (total amino acid concentration: 136 mM) in D,0 before (red) and after (blue) reacting
with Ru/Cmeso (8 mol% of metal, 120 °C, 4 bars D,, pH 7, during 5 h).
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