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Experimental

Safety warning
High-pressure experiments with compressed Hz must be carried out only with

appropriate equipment and under rigorous safety precautions.
General

If not otherwise stated, the immobilization of nanoparticles on the PGS-material
(Ru@PGS) was performed out under an inert atmosphere using standard Schlenk
techniques or in a glovebox as previously reported. Furfuralacetone (IUPAC name: 4-
(2-Furyl)but-3-en-2-one) was purified by sublimation prior to use (white crystals).
[Ru(2-methylallyl)2(cod)] was obtained from Umicore. Synthetic air (20.5 Vol-% Oz,
rest N2, no hydrocarbon) was purchased from Westfalen AG. Catalyst solutions and
substrate were prepared under air, but were flushed with H2 and/or CO2 prior to
catalysis. All other chemicals and solvents were purchased from commercial sources

and used without purification.

Analysis
'H and '3C NMR spectra were obtained using a Bruker Avance 400™ spectrometer
at 400 MHz ('H) and 100 MHz ('3C) at 25 °C. Solid-state 2°Si & 3C CP-MAS NMR
spectra were obtained using a Bruker AVIII-500 spectrometer. The GPC analysis was
performed using THF as the eluent. Samples were prepared at 5.0 mg/mL and
passed through a 0.2 ym PTFE filter prior to injection. The samples were analysed
on a Waters 2695 separation module using a refractive index detector (Waters 410
differential refractometer) at 32 °C and 1 mL/min flow rate. The GPC was calibrated
using polystyrene standards. Brunauer-Emmett-Teller (BET) measurements were
performed on a Quadrasord S| automated Surface Area and Pore Size Analyser from
Quantachrome Instruments and the data analysis using QuadraWin 5-04. Inductively

coupled plasma (ICP) was performed at Mikroanalytisches Laboratorium Kolbe on a
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Perkin Elmer Analyst 200 Atomic Absorption Spectrometer. High-pressure
experiments were performed using in-house engineered 10 and 20 mL stainless steel
finger autoclaves. Catalytic reactions were performed in glass inlets using a magnetic
stirrer (800 rpm) and an aluminium heating block. Gas chromatography (GC) was
performed on a Thermo Scientific Chromatograph Trace GC Ultra equipped with a
CP-WAX column. The composition of the reaction mixture was identified by injecting
the pure products in the GC. Electron microscopy images (TEM, STEM-HAADF-
EDX) were collected using a Hitachi aberration-corrected scanning transmission
electron microscope (HF-2000) operated at 200 kV. Thermogravimetric analysis was
performed on a Netzsch STA 409 with a temperature program (1000°C, 5°C/min)

under an argon flow of 100 mL/min.

Synthesis and characterization of Ru@PGS

Synthesis of the polymer-grafted silica (PGS)?

Amine functionalization of silica. 15 g of silica particles (SiO2 #5, SiliaFlash P60,
40-63 um, 285 m2.g1, 60 A pore size) were purified and hydroxylated in a 1 M HCI
solution at 50 °C for 4 h and then calcined at 200 °C for 18 h. The hydroxyl-rich silica
was transferred directly to a reaction vessel, evacuated and then replaced with argon
atmosphere. Under inert conditions, 500 mL of anhydrous toluene was cannulated to
the reaction flask and heated to 70 °C. Under vigorous stirring, 5 mL of the amine
“‘“APTES” ((3-aminopropyl)triethoxysilane) was added to the mixture via syringe and
left to react at 70 °C for 18 h. The amine-functionalized silica was collected by
vacuum filtration and washed several times with anhydrous ethanol and stored under

argon until further use.



Synthesis of SI-ATRP initiator functionalized silica. The amine-functionalized
silica particles were transferred to a dried round bottom flask equipped with an
overhead stirrer, evacuated and then replaced with argon. Under inert conditions,
200 mL of anhydrous tetrahydrofuran (THF) was added along with diisopropylamine
(1eq., 4.0 mmol) to the flask via cannula. The reaction mixture was cooled down in an
ice bath for ca. 30 min followed by adding 2-bromo-2-methylpropionyl bromide (BIBB,
1 eq., 4.04 mmol) dropwise under vigorous stirring in the ice bath for an additional 30
min. After removing the ice bath, the mixture was left to react for 16 h at room
temperature. The BIBB-functionalized silica was then collected by vacuum filtration

and washed multiple times with THF and stored under argon until further use.

SI-AGET-ATRP of DIPAEMA. The BIBB-grafted silica particles were transferred to a
round bottom flask equipped with an overhead stirrer followed by adding 2-
(diisopropylamino)ethyl methacrylate (DIPAEMA, 235 eq., 401.0 mmol) passed over
an inhibitor removal column [Sigma-Aldrich, removing hydroquinone and
hydroquinone monomethyl ether (MEHQ, 4-methoxyphenol), or 4-tert-butylcatechol
(TBC)]. Anhydrous anisole (100 mL) was added via cannula to the mixture followed
by L-ascorbic acid (10 eq., 16.7 mmol) Cu(ll)Brz (0.66 eq., 1.1 mmol), N,N,N’,N",N"-
pentamethyldiethylenetriamine (PMDETA, 3.29 eq., 5.6 mmol) and ethyl 2-bromo-2-
methylpropionate (EBIB, 1 eq., 1.7 mmol). The mixture was slowly heated to 40 °C
and left to react for 20 h. The polymerization solution changed colour from blue
(oxidized copper) to colourless and then to yellow/orange over the course of 20 h.
The polymer-grafted silica (PGS) was collected in a vacuum funnel. The PGS were
washed multiple times with THF followed by sonication 3 times in THF. The particles

were stirred in a 1 M EDTA solution (pH~10) for 1 h to remove any residual copper,



followed by drying under reduced atmosphere at 60 °C for 18 h and stored under

argon until further use.

Synthesis of Ru@PGS

[Ru(2-methylallyl)2(cod)] (128 mg, 0.401 mmol) was dissolved in DCM (10 mL) and
added to a suspension of PGS (500 mg) in DCM (10 mL). The reaction mixture was
stirred at room temperature for 1 h. After solvent removal at room temperature and in
vacuo drying of the impregnated PGS, the powder was loaded into a 20 mL high-
pressure autoclave and subjected to an atmosphere of H2 (25 bar) at 100 °C for 18 h.
Under this reducing environment, the impregnated PGS transformed from a light

orange to a black colour indicating the immobilization of the Ru NPs onto the PGS.

Synthesis of Ru@SiO:

[Ru(2-methylallyl)2(cod)] (128 mg, 0.401 mmol) was dissolved in DCM (10 mL) and
added to a suspension of at 500°C dehydroxylated SiO2 (500 mg) in DCM (10 mL).
The reaction mixture was stirred at room temperature for 1 h. After solvent removal at
room temperature and in vacuo drying of the impregnated SiO2, the powder was
loaded into a 20 mL high-pressure autoclave and subjected to an atmosphere of H2
(25 bar) at 100 °C for 18 h. Under this reducing environment, the impregnated SiO2
transformed from a white to a black colour indicating the immobilization of the Ru

NPs onto the SiOa2.



Supplementary tables and figures

Characterization

Supplementary Table 1: BET and ICP data for SiO2, PGS and Ru@PGS

_ ICP SEM-EDX
oteral  Sfacevea Pore Radis  (mmolg’)  (mmolg)
' N Ru Ru
SiO2 285 88 - - -
PGS 55 67 1.86 - -
Ru@PGS 84 61 1.84  0.53 0.82

Solid-State #°Si & '3C CP-MAS NMR of PGS vs. Ru@PGS

The 2°Si & '3C solid-state NMR spectra were obtained using a Bruker AVIII 500
spectrometer operating at 99.36 MHz and 125.76 MHz, respectively. The spectra
were measured in a 4 mm standard zirconium oxide rotor spinning at 5 kHz
employing cross polarization with SPINAL 'H-decoupling during acquisition. The
contact time was 6 ms (2 ms for *C NMR) and the recycle delay was set to 8 s. All
spectra were calibrated to TMS according to the unified scale method recommended
by IUPAC (10.1006/snmr.2002.0063) using adamantane as external reference. The

star-marked signals (*) in the '*C NMR spectra (at 105, 140, 220, 260 ppm)

correspond to spinning sidebands.
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Supplementary Figure 1: Solid-state CP-MAS 2°Si NMR spectra (99.3 MHz) of a, PGS and b,
Ru@PGS; and solid-state CP-MAS '3C NMR spectra (125.7 MHz) of ¢, PGS and d, Ru@PGS.

*spinning sidebands.

Supplementary Table 2: Hydrogenation of N-Methylacetamide and ethyl acetate using [Ru(2-
methylallyl)2(cod)] and Ru@PGS

o 0
R talyst
)J\N/ or )J\o/\ nemye . ?
H

100°C, H, (25 bar)

16 h, 1-BuOH
o o)
Catalyst )J\H/ )J\o/\
Conversion (%) Conversion (%)
[Ru(2-methylallyl)2(cod)] 0 0
Ru@PGS 0 0

Reactions conditions: Ru-Catalysts (35 mg, 0.026 mmol), substrate (0.65 mmol, 25 eq.), 1-butanol (0.5
mL), Hz (25 bar), 100 °C, 16 h. Conversions determined by 'H and '*C NMR using mesitylene as
internal standard.
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Supplementary Figure 2: Thermal stability of Ru@PGS investigated by thermogravimetric analysis

under Ar. Conditions: 5°C/min under an argon flow of 100 mL/min.

Titration method

The procedure for the titration method was previously reported by Boniface et al.’ 3
All vessels were plastic and they were rinsed thoroughly with Millipore water to have
pH value of > 6. Stock solutions of sodium hydroxide (NaOH) 9.006 mM, and
hydrochloric acid (HCI) 10.5 mM were prepared. In a typical experiment, ca. 10 mg of
PGS or Ru@PGS was added to 20 mL of Millipore water in a 50 mL centrifuge vial.
0.1 mL aliquots of the 10.5 mM HCI were sequentially added to the centrifuge vial
which was then tightly closed and vigorously shaken for 30 seconds. The pH was
recorded before the next addition. The titration was stopped at ca. pH 4. The acidified
sample was then centrifuged for 45 min at 2000 rpm. 15 mL of the acidified
supernatant was transferred into a freshly washed centrifuge vial and was back-
titrated with NaOH until ca. pH 7. This procedure was repeated twice (PGS1 & 2 and

Ru@PGS1 & 2) providing close values for the accessible amine content (1.26 and



1.30 mmol. g). A simple calculation for the titration of accessible tertiary amines (-
NRz2) on PGS is as follows:
Moles of HCI added — Moles HCI left in supernatant = Moles of Accessible Amines

Mole of Accessible amines 1000 mmol 1000mg mmol
* =

*
mg of sample used 1 mol 1lg g
Csupernatant = NNaoH / Vsupernatant Vsupernatant = VHci + VH20
Nsupernatant = Csupernatant * Vsupernatant Naccessible amines = NHCI = Nsupernatant

Accessible amines = Naccessible amines / MPGS

PGS1 PGS2
m=10.1mg m=10.2mg
Vi20=20 mL
Vhe = 2.0 mL Vhci= 1.9 mL
Nyci = 2.10E-5 mol Nuc = 1.99E-5 mol
Vnaon= 0.6 mL Vnaon = 0.5 mL
NnaoH = 5.403E-6 mol NnaoH = 4.503E-6 mol
Vsupernatant extract = 15 mL
Csupernatant = 3.602E-4 mol/L Csupematant = 3.002E-4 mol/L
Vsupematant = 22.0 mL Vsupernatant = 21.9 mL
Nsupematant = 7.925E-6 mol Nsupematant = 6.574E-6 mol
Naccessible amines = 1.307E-5 mol Naccessible amines = 1.338E-5 mol
Accessible amines (-NR2) = 1.26 mmol.g™ Accessible amines (-NR2) = 1.30 mmol.g’
Ru@PGS1 Ru@PGS2
m =11.0 mg m =10.5 mg
Vi20=20 mL
Vhe = 2.1 mL Vhci=2.0 mL
Nyl = 2.205E-5 mol Nuci = 2.10E-5 mol
VnNaoH= 0.7 mL VnNaon= 0.7 mL
NnaoH = 6.304E-6 mol NnaoH = 6.304E-6 mol
Vsupernatant extract = 15 mL
Csuperatant = 4.203E-4 mol/L Casupematant = 4.203E-4 mol/L
Vsuperatant = 22.1 mL Vsupernatant = 22.0 mL
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nSUpernatam = 9289E'6 mol nsupernatant = 9246E'6 mol

Naccessible amines = 1.276E-5 mol Naccessible amines = 1.175E-5 mol

Accessible amines (-NRz) = 1.16 mmol.g™ Accessible amines (-NR2) = 1.12 mmol.g”

Catalytic study under batch conditions

Hydrogenation of furfuralacetone (1) without CO:2

In a typical experiment, Ru-catalyst (35 mg, 0.026 mmol), 1-butanol (0.5 mL) were
combined with 1 (90 mg, 0.65 mmol, 25 eq.) in a glass insert and placed in a high-
pressure autoclave. After purging the autoclave with Hz, the reaction mixture was
stirred at 80°C in an aluminium heating block under 15 bar of H2. Once the reaction
was finished, the reactor was cooled in an ice bath and carefully vented. After
filtration, a sample of the reaction mixture was taken and analysed via GC-FID using

tetradecane as an internal standard.
Hydrogenation of 1 with CO2/H2

In a typical experiment, Ru-catalyst (35 mg, 0.026 mmol), 1-butanol (0.5 mL) were
combined with 1 (90 mg, 0.65 mmol, 25 eq.) in a glass insert and placed in a high-
pressure autoclave. After purging with CO2 and left to stir for a couple of minutes, the
autoclave was further pressurized first with15 bar CO2 and then with enough H2 to
raise the total pressure to 30 bar (CO2/H2 ratio ~ 1:1). The reaction mixture was
stirred 80°C in an aluminium heating block under desired pressure of H2 and COs..
Once the reaction was finished, the reactor was cooled in an ice bath and carefully
vented. After filtration, a sample of the reaction mixture was taken and analysed via

GC-FID using tetradecane as an internal standard.

Hydrogenation of other furan derivatives with H2 or CO2/H2.

In a typical experiment, Ru@PGS (35 mg, 0.026 mmol) and 1-butanol (0.5 mL) were
combined with the substrate (0.65 mmol, 25 eq.) in a glass insert and placed in a
high-pressure autoclave. After purging, the autoclave was pressurized with H2 (and
CO2 with 1:1 ratio, if applicable) to raise the total pressure to the desired value. The

reaction mixture was stirred at the desired temperature in an aluminium heating
11




block. Once the reaction was finished, the reactor was cooled in an ice bath and
carefully vented. After filtration, a sample of the reaction mixture was taken and

analysed via GC using tetradecane as an internal standard.

Switchability experiments in batch: Hydrogenation of 1

In a typical experiment, Ru-catalyst (35 mg, 0.026 mmol), 1-butanol (0.5 mL) were
combined with 1 (90 mg, 0.65 mmol, 25 eq.) in a glass insert and placed in a high-
pressure autoclave. After purging the autoclave with the respective gas, the reaction
mixture was stirred at 80°C in an aluminium heating block under either H2 or a
mixture of Hz and CO2. Once the reaction was finished, the reactor was cooled in an
ice bath and carefully vented. The mixture was centrifuged and a sample of the
solution was taken and analysed via GC-FID using tetradecane as an internal
standard. For switchability, the reaction mixture was centrifuged, the supernatant
removed and the residue was washed with 1-butanol (3 x 1 mL). The catalyst was
dried at 100°C for 1 h. For the next cycle, fresh portions of the substrate (90 mg, 0.65
mmol, 25 eq.) with 1-butanol (0.5 mL) were added and the reaction mixture was
performed again. This procedure was repeated for each catalyst cycle by

alternatively pressurizing the autoclave either with only Hz or with CO2 and Ha.
Hydrogenation of 1 with various additives

In a typical experiment, Ru-catalyst (35 mg, 0.026 mmol), 1-butanol (0.5 mL) and the
additive were combined with 1 (90 mg, 0.65 mmol, 25 eq.) in a glass insert and
placed in a high-pressure autoclave. After purging the autoclave with Hz, the reaction
mixture was stirred at 80°C in an aluminium heating block under 15 bar of H2. Once
the reaction was finished, the reactor was cooled in an ice bath and carefully vented.
After filtration, a sample of the reaction mixture was taken and analysed via GC using

tetradecane as an internal standard.
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Supplementary Table 3: Parameter screening in the hydrogenation of furfuralacetone using

RU@PGS
o) Ru@PGS
® 1\ - HZ@-:C02 - w Q/\)J\ QM Q/\)\
16 h, 1-BuOH
Ruloading T Pressure (bar) Ratio Product yield (%)
Ent
(Wt%) (°C)  H2 CO2 H2CO02 2 3 4 5
1 0.3 80 60 - - 80 17 3 -
2 0.3 100 60 - - 74 22 4 -
3 0.3 100 100 - - 60 36 2 2
4 1.2 80 60 - - 75 20 4 1
5 2.5 80 60 - - 19 75 1 5
6 5.0 80 60 - - - 77 1 22
7 7.5 80 60 - - - 13 - 87
8 7.5 80 50 10 5:1 - 65 - 35
9 7.5 80 40 20 4:2 - 77 0 23
10 7.5 80 30 30 1:1 - 89 - 11
11 7.5 80 20 20 1:1 - 86 - 14
12 7.5 80 15 15 1:1 - 87 - 13
13 7.5 80 15 - - - 15 - 85
14[0] 7.5 80 15 15 1:1 1 79 1 19
15001 7.5 80 15 - - - 8 - 92
16[c 7.5 80 15 15 1:1 9 78 3 10
170l 7.5 80 15 - - - 11 - 89
18 7.5 80 10 10 1:1 13 75 3
19 7.5 80 5 5 1:1 42 49 6 3

Reactions conditions: Ru@PGS, substrate (25 eq.), 1-butanol (0.5 mL), 16 h. [
Conversion > 99%, product yields were determined by GC-FID using tetradecane as

an internal standard. P! Heptane as solvent. [l Methyl tert-butyl ether as solvent.
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Supplementary Table 4: Hydrogenation of furfuralacetone (1, 100 eq.) using Ru@SiO2 with H2 and

H2/COs..
SN I __ Ruesio, W Q/\)‘\ QM Q/\)\
\_/ . so C, Hy/CO,
(30 bar, 1:1)
p [bar] Product yield® [%]
Entry
H2 CO2 2 3 4 5
1 15 - 73 22 4 1
2 15 15 76 20 3 1

Reactions conditions: Ru@SiO2 (35 mg, 0.026 mmol), substrate (2.6 mmol, 100 eq.), 1-butanol (0.5
mL), Hz (15 bar), CO2 (15 bar), 80 °C, 1 h. & Conversion > 99%, composition of the reaction mixture

was determined by GC using tetradecane as an internal standard.

Supplementary Table 5: Hydrogenation of furfuralacetone (1) using Ru@SiO2 and Ru@PGS under

various reducing atmospheres.

(o)
NN __Ru@Support W Q/\)J\ QM Q/\)\
\_/ ) " 80°C. Hygas

(30 bar, 1:1)
Catalyst p [bar] Product yield®® [%)]
Entry
H2 Ar CO2 2 3 4 5

1 Ru@SiO2 15 - - 0 0 0 >99
2 Ru@SiO2 15 15 - 0 0 0 >99
3 Ru@SiO2 15 - 15 0 0 0 >99
4 Ru@PGS 15 - - 0 61 0 39
5 Ru@PGS 15 15 - 0 60 0 40
6 Ru@PGS 15 - 15 52 44 3 1

Reactions conditions: Ru@Support (35 mg, 0.026 mmol), substrate (0.65 mmol, 25 eq.), 1-butanol
(0.5 mL), H2 (15 bar), Ar or CO2 (15 bar), 80 °C, 2 h. [@ Conversion > 99%, composition of the reaction

mixture was determined by GC using tetradecane as an internal standard.
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Supplementary Table 6: Reaction time-profile for the hydrogenation of furfuralacetone under H2 and

H2/CO:2 using Ru@PGS (data of Figure 3b-c).

WWW@M

__ Ru@PGs

\_/ 1 80°C, H, or Hp/CO,

e e

1 0 0 0 0 0

2 1 814 80+0 4 8+4
3 2 0 62+2 0 38%2
4 - 4 0 32+3 0 68+3
5 8 0 132 0 872
6 12 0 100 0 90+ 0
7 16 0 8+1 0 921
8 32 0 1+0 0 99x0
9 0 0 0 0 0

10 1 64+4 33+3 2 1+0
11 2 53+3 43+2 3 1+0
12 4 12+0 823 1 5+ 1

H2/CO2

13 8 60 84+1 2 8+ 1
14 12 2+x0 870 1 100
15 16 0 87+1 0 13%2
16 32 0 84+0 0 160

Reactions conditions: Ru@Support (35 mg, 0.026 mmol), substrate (0.65 mmol, 25 eq.), 1-butanol
(0.5 mL), Hz (15 bar), COz (15 bar), 80 °C. @ Conversion > 99%, composition of the reaction mixture

was determined by GC using tetradecane as an internal standard.
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Mechanistic investigations
H and 3C NMR of the catalyst suspension

(0] +

R_ _NH o)
13 Ru@PGS ~ .
COz + H2 _— HJI\OH ................ » )\ OJ<H
80°C, Hy/CO,
(30 bar; 1:1), Formic Acid Alkylammonium Formate

16h, 1-BuOH
Ru@PGS (35 mg, 0.026 mmol) was combined with deuterated methanol (0.5 mL)
however without furfuralacetone in a glass insert and placed in a high-pressure
autoclave. After purging with an argon atmosphere, 2 bar labelled CO2 were
pressurized and left to stir for a couple of minutes. The autoclave was further
pressurized with COz2 up to 15 bar and then with enough Hz to raise the total pressure
to 30 bar. The reaction mixture was stirred at 80°C in an aluminium heating block
under H2 and CO2. Once the reaction was finished, the reactor was cooled in an ice
bath and carefully vented. The mixture of catalyst and solution was removed with a
syringe, transferred into an NMR tube and analysed by 'H, 'C and 2D NMR
spectroscopy. A heteronuclear single-quantum correlation spectroscopy (HSQC) was

measured by 2D NMR spectroscopy.

16
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Supplementary Figure 3: '3C NMR spectra (400 MHz, MeOD) of the reaction mixture of a, catalyst
suspension (Catalyst + MeOD). b, catalyst suspension before catalysis (catalyst + MeOD + CO2 + Hz2).

c, catalyst suspension after catalysis (catalyst + MeOD + CO2 + Hz).

Ammonium formate species (8.5 ppm)

NP Y,

9.0 85 80 75 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 15 1.0
6 (ppm)

Supplementary Figure 4: '"H NMR spectra (400 MHz, MeOD) of the reaction mixture of a, catalyst
suspension (Catalyst + MeOD). b, catalyst suspension before catalysis (catalyst + MeOD + CO2z + Hz2).

¢, catalyst suspension after catalysis (catalyst + MeOD + COz + Hy).
17



D2-experiment: 3C NMR of the catalyst suspension

13 RU@PGS )OJ\ RAMO 0
CO,+ D, = D7 0D eeeeeeeeeeoeeas - )\_O 5
80°C, D,/CO,
(30 bar; 1:1), Formic Acid Alkylammonium Formate
16h, 1-BuOH

Ru@PGS (35 mg, 0.026 mmol) was combined with deuterated methanol (0.5 mL)
without furfuralacetone in a glass insert and placed in a high-pressure autoclave.
After purging with an argon atmosphere, 2 bar labelled CO2 were pressurized and left
to stir for a couple of minutes. The autoclave was further pressurized then with CO2
up to 15 bar and then with enough deuterium (D2) to raise the total pressure to 30
bar. The reaction mixture was stirred at 80°C in an aluminium heating block under H2
and CO2. Once the reaction was finished, the reactor was cooled in an ice bath and
carefully vented. The mixture of catalyst and solution was removed with a syringe,

transferred into an NMR tube and analysed by '3C NMR spectra.

Naa
JUA, x ot e

173.0 172.0 171.0 170.0 169.0 168.0 167.0 166.0 165.0 164.0 163
(ppm)

e .

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
o (ppm)

Supplementary Figure 5: 3C NMR spectrum (400 MHz, MeOD) of the reaction mixture after catalysis

using deuterium gas instead of Ho.
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Solid-state 3C CP-MAS NMR of the Ru@PGS-catalyst

Ru@PGS (35 mg, 0.026 mmol) was combined with deuterated methanol (0.5 mL)
without furfuralacetone in a glass insert and placed in a high-pressure autoclave.
After purging with an argon atmosphere, 2 bar labelled CO2 were pressurized and left
to stir for a couple of minutes. The autoclave was further pressurized then with CO:
up to 15 bar and then with enough Hz to raise the total pressure to 30 bar. The
reaction mixture was stirred at 80°C in an aluminium heating block under H2 and COs..
Once the reaction was finished, the reactor was cooled in an ice bath and carefully
vented. The reaction mixture was left to dry under air at room temperature for 48 h.
The dried catalyst was then analysed by solid-state NMR spectroscopy. The
parameters of the measurements are the same as stated above for solid-state NMR

spectroscopy.

Supplementary Table 7: Hydrogenation of furfuralacetone (1) using Ru@Supports with various

additives
0, X Ru@Support
@ 1 2070, (15 b W Q/\)‘\ Q/\/K (_7/\)\
16h, 1-BuOH
Product Yield (%)
Entry Catalysts Additives
2 3 4 5
1 CO 0 4 0 96
Ru@Si0, ?
2 DIPEF 4 71 4 9
3 CO2 1 87 1 11
Ru@PGS
4 DIPEF 20 70 3 3

Reactions conditions: Ru-Catalysts (35 mg, 0.026 mmol), substrate (0.65 mmol, 25 eq.), additives:
COz2 (15 bar) or DIPEF (0.026 mmol, 1 eq. to Ru). 1-butanol (0.5 mL), Hz2 (15 bar), 80 °C, 16 h. [8
Conversion > 99%, composition of the reaction mixture was determined by GC using tetradecane as

an internal standard.
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Switchability test in batch conditions

(o)
A meres @A* QA* @A* QA*
\/1 80°C, Hyg)/ COz

(30 bar. 1 1)

16 h, 1-Bu-OH
HJ/CO, H, H/CO, H, H/CO,

[o]
o
1

(2]
o
1

86

Product Yield (%)

N
o
1

| I I

o
l

Supplementary Figure 6: Switchability tests in batch conditions: hydrogenation of furfuralacetone (1)
using Ru@PGS with/without CO2. Reactions conditions: Ru@PGS (35 mg, 0.026 mmol), substrate
(0.65 mmol, 25 eq.), 1-butanol (0.5 mL), Hz (15 bar), CO2 (15 bar), 80 °C, 16 h. Composition of the

reaction mixture was determined by GC-FID using tetradecane as an internal standard.

Continuous flow catalysis

Switchability experiments in continuous flow conditions: Hydrogenation of 1

The reactor was loaded with the Ru@PGS-catalyst (2.0 g) (reactor volume = 3.2 mL)
and installed into the continuous flow setup. The system was pressurized with Ha,
heated to the desired temperature and the pump was loaded with the substrate
solution. Substrate and gas flows were mixed in a volume flow mixer (alternately Hz
and H2/COz2) and the feed flow was passed through the heated reactor and samples
were collected at the output. The composition of the reaction mixture was determined

by GC-FID using tetradecane as an internal standard. For switching to Hz2 and COz,
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the CO:2 flow rate was started (35 mL.min™") and the total pressure at BPR (back
pressure regulator) was set up to 40 bar. The first samples were collected after 15
min on stream. For the switch to only Hz, the H2 and COz2 flow rates were turned off,
as well as the substrate solution flow. The catalyst was streamed with synthetic air (3
bar) for 1 h at 100°C, until no solvent was observed at the output. The substrate and
H2 flow rate were started again, with a total pressure at BPR set back to 20 bar. This

procedure was repeated for each atmosphere switch.

compressed
air

=
N
/\ compressed
T CE Tl air
Va‘ CV-01 Qﬂ/
/wrc) /3»1:3 =
NN NG
AVAVAVYAY
_(VQ—OZ)—___(cvi_on o flow reactor )—— »
AYAVAVAY
CV-03
P-01
PL01 PL-O

Supplementary Figure 7: Scheme of the In-house built continuous flow setup. PL = pressure inducer;
MFM = mass flow meter; MFC = mass flow controller; P = HPLC-pump; V = valve; CV = Check valve;

PR = pressure sensor; Tl = temperature inducer; BPR = Back pressure regulator.
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Supplementary Figure 8: Graphical surface interface of the program used to control the continuous

flow setup.
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Supplementary Table 8: Parameter screening for the hydrogenation of furfuralacetone (1) using

Ru@PGS in continuous flowlal

(o]
\/1 100°C, H2 )/ CO,

(40 bar; 1 1)

Product distributiont!

TrC] p [bar] Su[:)nslfr?nt;an il?w Sucl::)sr’:gate Ca’;z]lyst [%]
H2 CO:2 ' ' 2 3 4 5
80 10 10 0.5 0.05M 0.5 41 59 O 0
80 15 15 0.5 0.05M 0.5 40 60 O 0
80 20 20 0.5 0.05M 0.5 29 71 0 0
80! 10 10 1.0 0.05M 0.5 61 35 O 0
80! 15 15 1.0 0.05M 0.5 519 40 O 0
80 20 20 1.0 0.05M 0.5 35 65 O 0
100 10 10 0.5 0.05M 0.5 19 78 O 3
10001 10 10 1.0 0.05M 0.5 37 59 O 0
100 20 20 1.0 0.05M 0.5 10 85 O 5
100 20 20 0.5 0.05M 0.5 0 99 O 1
100 20 - 0.5 0.05M 0.5 0 65 0 35
100 20 20 0.5 0.025 M 0.5 0 80 0 20
100l 20 - 0.5 0.025 M 0.5 0 60 0 40
100 20 - 0.5 0.025 M 2.0 0 7 0 93
100 20 20 0.5 0.025 M 2.0 0 73 0 27
100 7 33 0.5 0.025 M 2.0 0 81 0 19
100 12 28 0.5 0.025 M 2.0 0 80 0 20
100 16 24 0.5 0.025 M 2.0 0 78 0 22
100l 20 - 0.5 0.025 M 2.0 0O 25 0 75
1004 20 20 0.5 0.025 M 2.0 0 90 0 10
1000l 20 - 0.5 0.025 M 2.0 0 13 0 87

[EReactions conditions: Ru@PGS, substrate (in 1-butanol), residence time = 6.4 min for substrate flow
rate = 0.5 mL.min"', residence time = 3.2 min for 1 mL.min'), gas flow rate = 35 NmL.min"".
Composition of the reaction mixture was determined by GC using tetradecane as an internal standard.
Conversion > 99%. PIConversion < 99%. Il Catalyst was washed with argon for 1 h before switching to
H2 pressure. [ Catalyst treated with H2/COz2 for 15 min. lél Catalyst washed under air for 1 h before

applying the H2 pressure.

23



Model: Gauss

d=19+-03nm
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Nanoparticle Size (nm)

WLGDK17702 200kV x1500k TE 20/07/08

Supplementary Figure 9: Characterization of the Ru@PGS catalyst by electron microscopy after
continuous flow catalysis. a and b, Transmission electron micrographs. ¢, histogram. d, Scanning
transmission electron micrograph. e-h, Scanning transmission electron micrographs in high angle
annular dark field with elemental mapping (e: Si, f: N, g: Br, h: Ru) using energy dispersive X-ray

spectroscopy.

Supplementary Table 9: BET and ICP data for Ru@PGS after continuous flow catalysis

ICP SEM-EDX

Sample Sw(”frig:e f\)rea Pore(ifdlus (mmol.g™")  (mmol.g"")
9 N Ru Ru
Before Catalysis 84 61 1.84 0.53 0.82
After Catalysis 177 57 1.28 0.54 0.78
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Additional characterization data

Polymer grafted silica (PGS)
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Supplementary Figure 10: '"H NMR spectrum (CDCls, 400 MHz) of the free polymer (pDIPAEMA).
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Supplementary Figure 11: '3C NMR spectrum (CDCl3, 100 MHz) of the free polymer (pDIPAEMA).
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Supplementary Figure 12: Gel permeation chromatography (GPC) trace for free pDIPAEMA (same

polymer as on the PGS) grown from sacrificial initiator.
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Supplementary Figure 13: DRIFT-IR spectra of silica particles before polymer attachment (S/02) and

after polymer attachment (PGS).

Supplementary Figure 13 illustrates a typical spectrum that is recorded for a polymer-
grafted silica sample, juxtaposed to a control spectrum. PGS consists of silica
particles that have been grafted with PDIPAEMA. The control sample is the same
silica particles used for PGS but without chemical modification of any means.
Comparison of these two spectra allows for the identification of target regions in
which one looks to determine whether a given sample of silica contains polymer. The
regions between 1300 cm™' to 2000 cm™" and 2800 cm™' to 3000 cm™" are the target
regions in which the presence of peaks are indicative of functionalization with

PDIPAEMA.
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Supplementary Figure 14: DRIFT-IR spectra of the free polymer and of PGS.

Supplementary Figure 14 illustrates the same PGS sample that was shown in
Supplementary Figure 13 juxtaposed against a spectrum collected from a sample of
PDIPAEMA homopolymer. The homopolymer was precipitated twice; the '"H NMR
spectrum of the twice precipitated polymer did not show signs of residual monomer.
Supplementary Figure 14 clearly indicates that the target regions identified from
analysis of Supplementary Figure 13 (1300 cm-' to 2000 cm™" and 2800 cm-"! to 3000
cm') are resultant from PDIPAEMA and not from an impurity. The best agreements
between peaks that are characteristic of functionalization with PDIPAEMA are 1727

+2 cm™' and 2874 +1 cm™.
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Ru@SiO:

A

Supplementary Figure 15: Transmission electron microscopy image of Ru@SiO..
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GC Chromatograms

5004 900
8004 | 200
700 4 [ 700
R EEE R = Tetradecane (int. 5td.) Retention Time (R.T.)= 14.2 min
600+ H - 600
o]
§ sl © Lsn  §
H goommmooees - W H
H 3 R.T.= 19.6 min
400 : [ 400
3004 300
OH
o
- W\
200+ 5 R.T.= 21.8 min 200
1004 100
s 1 al Fo
[} 2 s 30 x 40 45 50 55 80
Mrutes
Supplementary Figure 16: Chromatogram corresponding to Figure 3b (Ru@PGS, H2).
900 900
8004 - 800
7007 . » Tetradecane (int. Std.)  Retention Time (R.T.)= 14.2 min e
6004 F e00
; 5004 § o] L s00 ;
. : O ®
H Rl ol T - -
' /A RT.=19.2 min
400 : o | 400
- O
3 R.T.= 19.6 min
3004 F 300
2004 F 200
) R.T.=21.6 min
100 100
O
——————— -
- ‘, 5 R.T.= 21.8 min
0 0
0 2 b 2 s “ 4s 50 LS 80
Mnutes

Supplementary Figure 17: Chromatogram corresponding to Figure 3b (Ru@PGS, H2/COz).
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----- == r-Butanol
200 - 900
”””” - ™ Acetone
800 - 800
700 L 700
600 | 500
prmmmmeeaeas = Tetradecane (int. Std.)  Retention Time (R.T.)= 14.2 min
§ = i 0 Lo §
: 5 é/\)k :
' [ -
5 ! 3 R.T.= 186 min
300 ! fs) L 300
N -
: 5 RT.=21.8 min
2001 I F200
00 F 100
0 - ‘L— IF—-‘L - :. I - Y - Fo
-] s w0 L 20 F- k] s 40 a5 0 58 (-]
Mrutes
Supplementary Figure 18: Chromatogram corresponding to Figure 3b (Ru@SiOz2, H2).
E N I EEEEE = n-Butanol F
2004 F s00
b N - ™ Acetone [ &0
7004 k700
00 F s0o
Bereeeesaaes #= Telradecane (int. Std.) Retention Time (R.T.)= 14.2 min
E R b
s H s
§ s : o bsoo &
5 : prmmeenaaas - Qf\)\ 5
] ' ' 3 R.T.= 19.6 min F
400 : : L 400
1 L : o r
R -
] ; 5 R.T.= 21.8 min s
2004 : F 200
100+ i [~ 100
J — 'l-' i A 4l Fo
0 ‘5 |IEI IIS ﬁ 3'5 3'0 k-3 a0 45 50 55 &0

Supplementary Figure 19: Chromatogram corresponding to Figure 3b (Ru@SiO2, H2/COx).
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Mo ts

----- == n-Butanol
200 o Fs00
Q.
- -
3 RT.=19.6 min
0] - Acetone e
700 F 700
------------ --m=Tetradecane (int, Std.)  Retention Time (R.T.)}= 14.2 min
600 o [ s00
o~
Fe-ee- B e
2 ' /A R.T.=19.2 min
g s004 F 500
H
400 400
300+ R.T.= 21.6 min r 300
200 OH [ 200
o]
____________ -
5 R.T.=21.8 min
100 F 100
2 I EU:LEIEHII by SRV TN TR Al Lo
0 s 10 15 20 -3 30 k- 40 45 S0 -3
Mrnutes

Supplementary Figure 20: Chromatogram corresponding to Figure 3c (Ru@PGS, Hz, 1 h).

3 -« m=n-Butanol
e N @ ficetone F o0
o
800 4 o F 200
....... -
E 3 R.T.=19.6 min
700 F 700
- - = Tetradecana (int. Std.)  Retention Time (R.T.)= 14.2 min
600 - s00
) 500
. : R.T.= 19.2 min
3 \
400 : I 400
: -
1 R.T=21.6 min
. OH
300 H I 300
. O
[ T - w
| 5 R.T.= 21.8 min
200 : F 200
1004 . [ 100
PR FE S A 2
0 5 10 15 n 5 30 » 40 45 50 55 60

Minuses

Wit aite

Supplementary Figure 21: Chromatogram corresponding to Figure 3c (Ru@PGS, Hz, 2 h).
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————— = n-Butanol
500 - 200
““““ - Acelone
Femeemmseees »= Telradecane (inl. 51d.) Retention Time (R.T.)= 14.2 min
00 :  s00
7004 o L 700
i o
: e W
o00 ] 3 R.T.= 19.6 min a0
§ w0 H Lo §
3 3
OH
o
w0 - L 400
5 R.T.= 21.8 min
3004 300
2004 200
100 - 100
0 |J\M“ " T — ~ ~ L : - o
1] ‘5 |‘U I‘S 2‘0 :‘5 3 % «O a5 S0 80
Merutes
Supplementary Figure 22: Chromatogram corresponding to Figure 3c (Ru@PGS, Hz, 4 h).
1 ------ = n-Butanol L
00+ - e00
"""" -®  Acetone
004 L s00
00 b o0
""""""" ---® Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
00 F eoo
] OH E
E =4 1 1 b - @A)\ - =0 E
> k1
. 5 R.T.=21.8 min
200 k200
3004 300
Rl -0
0
100 0 100
f B EE EERCCTEEEEEE -
3 R.T.= 19.6 min
. T I - T T - I I1 I - I T I I T T T T T T .
o 5 0 15 1] 1 30 k3 40 45 S0 a0

Supplementary Figure 23: Chromatogram corresponding to Figure 3c (Ru@PGS, Hz, 8 h).
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T 1 - » n-Butanol [
9004 200
""" ---% Acetone
800 |- 800
L I N Rt --» Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min [
m OH L
e N . - CJ/\)\ F 500
E 5 R.T.=21.8 min =
#
T so04 I so0
i
400+ [-400
3004 {300
200 [ 200
(0]
100 o) [ 100
R >
JJ I l 3 R.T.= 19.6 min
o ‘\m%'} - \I \‘ \III‘ ‘ \I\‘ — L \I‘I |J - - - - . Fa
1] 5 10 15 20 25 30 35 40 45 50 55 60
Minutes
Supplementary Figure 24: Chromatogram corresponding to Figure 3c (Ru@PGS, Hz, 12 h).
2004 - -~ - m=n-Butanol F o00
800 4 - 800
------- = Acetone
700 700
pemmmmmemmee = Tetradecane (int. 5td.) Retention Time (R.T.)= 14.2 min
600 : 600
: o
§ 0 Q I s00
3 : FroTTTes -
: 3 R.T.= 19.6 min
004 : | 400
OH
o
.-
2004 5 R.T.=21.8 min F 200
1004 100
o - i h 1 al Lo
[} 5 0 ] 2 ] k1] 3% 40 45 S0 55 &0

Supplementary Figure 25: Chromatogram corresponding to Figure 3c (Ru@PGS, Hz, 16 h).
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1 |------ » n-Butanol r
B I ---® Acetone pee
8004 800
L e - - ® Tetradecane (int. Std.) Retention time (R.T.)= 14.2 min proo
800+ 600
1 o f
a
g so0d o) F s00
H PR I - Q/\)J\
E H 3 R.T.= 19.6 min 3
400 H F400
300 E OH k300
H 0.
1 N R - E
2004 5 5 R.T.=21.8 min F 200
100 5 100
. u.m%h T SYUTH G VR , | o
0 S 10 15 20 25 30 35 40 45 S0 55 60
Minutes
Supplementary Figure 26: Chromatogram corresponding to Figure 3c (Ru@PGS, Hz, 32 h).
- » n-Butanol L
900 900
1 -=-% Acetone [
8004 800
E ;oo » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min F
700 H (o] E 700
' O
E ; ------------ > \ / . b
— ' 2 R.T.=19.2 min Fs00
§ 500 . o Es00
E A - L
ool 3 R.T.= 19.6 min ™
3004 300
2004 200
OH
100 o 100
] L """"""" > \ / £
4 R.T.=21.6 min
o - e \‘\II d\!' \]H I‘ \uh—rl ) - - - - - - i ro
1] 5 10 15 20 2 30 35 40 45 50 55 60

Minutes

Supplementary Figure 27: Chromatogram corresponding to Figure 3d (Ru@PGS, H2/COz2, 1 h).
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R I R » n-Butanol 3
900 F s00
1T 4 ---® Acetone [
8004 [ 800
Frmmmmmmeeee » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
7004 ' F 700
800 E o F aop
E E fo) r
o e »
a8 '
2 00 ' \ / 2 R.T.=19.2 min pe0
= '
E E o) r
: S
400 N | I - F a00
] 3 R.T.= 19.6 min 2
300 OH I 300
O,
1 - - r
' \ / 4 R.T.=21.6 min
200 . [ 200
1 OH
foemmeeeeees >
100 ] F 100
R 5 R.T.=21.8 min
: B T ML J ! , o
i 5 0 15 0 3 30 35 40 45 50 55 &0
Minutes

Supplementary Figure 28: Chromatogram corresponding to Figure 3d (Ru@PGS, H2/COz, 2 h).

E - - - - » n-Butanol F
9004 {900
-------- » Spike
800 |- 800
T=-""-1 --- % Acetone
700 [- 700
i prmmmmees -» Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min P
600 1 [ s00
! [¢]
1 , o 3
2 ! ittt >
P : ; \ / R.T.= 19.2 min Fee
a E ' fe) L
w0 E : G/\)J\ -
, [ EETEE >
E : : 3 R.T.= 19.6 min B
3004 H E OH F 300
] 5 o g
N [ttt > \ /
oo 4 R.T.=21.6 min 200
] Dl OH i
e o
100 ! [ » F 100
] \ o 5 R.T.= 21.8 min i
0 s 10 15 20 5 30 35 40 45 S0 g5 60

Minutes

Supplementary Figure 29: Chromatogram corresponding to Figure 3d (Ru@PGS, H2/COz, 4 h).
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E ---» n-Butanol r
500 Fa00
""" ---® Acetone
800 F 800
] Pt » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min £
700 H o L 700
1 E 0. r
; g A\
] : : 2 R.T.=19.2 min 600
500 E E (o] k500
: : o
1 : A T - L
00 ' : 3 R.T.=19.6 min E 00
] : OH b
300 [ N - o F 300
E H \ 4 R.T.= 21.6 min [
200 E H F200
E Pl OH g
ok 0
100 . [ it > F 100
N 5 R.T.=21.8 min
0 \I 1 A "N T Iﬁ'. L LL“ ||I T L - - . ro
i 10 15 20 25 30 35 40 45 50 55 80
Minutes

Supplementary Figure 30: Chromatogram corresponding to Figure 3d (Ru@PGS, H2/COz, 8 h).

Millivolts

1 - - - 3 n-Butanol d
00 F 900
"""" -- % Acetone
800 F a00
E ittt » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min F
700 ! F 700
' (o]
' (o)
O, -
500 , i Fs00
E 1 \ / 2 R.T.=19.2 min
=00 ] : | | s00
H \ (0]
1 : : o L
H N EEEEEEE -
400 | ' 400
' ! 3 R.T.= 19.6 min
] : OH a
300 | le) F 300
1 poeeeseseseeeeees »

9 H \_/ 4 R.T.=21.6 min F
200 E H F 200
1 . OH L

. H (o)
1004 H R et » k100
] N 5 R.T.=21.8 min |
: B N T R 1 R
0 10 15 20 2 30 35 40 45 B 55 60
Minutes

Supplementary Figure 31: Chromatogram corresponding to Figure 3d (Ru@PGS, H2/COz2, 12 h).
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Coh I I R = n-Butanol -
e = Acetone | oo
700 . - - -
P = Tetradecane (int. Std.)  Retention Time (R.T.)= 14.2 min
600 4 -
.
§  so04 5 .
] : ’ IL
: L : R.T.= 18.2 min
400 4 E 3 o .
Lo ' o
N B -
| 3 R.T.= 19.6 min
300 : -
. 8 F 200
(AR - N
: ; /- = 21,6 min
: |
' )
: | i
- : : OH 100
: i O
S | ——
— 5 R.T.=21.8 min
0 ~ \*\ T 3" I : | #
o 10 15 -] = 30 £ a0 45 50 5 80
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Supplementary Figure 32: Chromatogram corresponding to Figure 3d (Ru@PGS, H2/COz2, 16 h).

----» n-Butanol
200 I a00
E I bbbl 1---® Acetone b
800 800
R bbb » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
H
700 : I 700
800 E I 600
- H
g =00 H I 500
3 H
400 i o 400
| : w d
N it >
0 3 R.T.=19.6 min F 300
200 OH I 200
()
1 R > P
1001 ' 5 R.T.=21.8 min F a0
0 ~— |I |L T \f T ]H ; 1 L l T . o
] 10 15 20 25 30 35 40 45 50 55 50
Minutes

Supplementary Figure 33: Chromatogram corresponding to Figure 3d (Ru@PGS, H2/COz2, 32 h).
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w00 --- - n-Butanol -
wd 0 [T ---- % Acetone [ a00
700 |- 700
600 |- 600
3 =] mommmmeeeee- » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min -
H .
400 o) F 400
] o i
R »
04 ' 3 R.T.=19.6 min 200
200 E F 200
] : OH i
100 : O [ 100
R >
] P 5 R.T.= 21.8 min 5
0 .'HML}M!‘&L‘U ] = L —— - , , , ‘ ‘ Fo
0 S 10 15 20 25 30 35 40 45 50 55 60
Minutes
Supplementary Figure 34: Chromatogram corresponding to Figure 5b (switch 1, H2).
1 | - - -  n-Butanol a
S004 {900
E I EEEEEE ---®  Acetone 3
8004 {800
700 |- 700
6004 [ 600
g 500 Fommmmemeees » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min 500
E :
400 o) F 400
o
] SR - i
200 3 R.T.= 19.6 min F oo
200 E {200
100 E OH [ 100
' o
3 R R R > L
; 5 R.T.=21.8 min
0 ll M I |J\1|U |I\‘|II | - J |II |I |I \“ | - ; ; . ; ; Fo
1] 5 10 15 20 25 30 35 40 45 S0 55 60
Minutes

Supplementary Figure 35: Chromatogram corresponding to Figure 5b (switch 2, H2/CO2).
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w00 --- - n-Butanol F a0

COE S ---> Acetone [ =00

7004 {700

co0] S » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min .

5004 {500

400+ o [-400
()

] eeees - b
00 ' 3 R.T.= 19.6 min E 300
200+ E [ 200

] ' OH g

. (o)
100 ! R > F 100

1 Co 5 R.T.= 21.8 min i

0 1L :IJ:H&HEHHHW |J\‘||H\ ‘ - |\|'I |‘|l‘ iul |‘ |‘ - |I - ; . ; ; ; Fo
0 s 10 15 20 2% 30 35 40 45 50 55 60
Minutes
Supplementary Figure 36: Chromatogram corresponding to Figure 5b (switch 3, Hz).
- - - » n-Butanol
8004 900
"""" --%» Acetone
800 - 800
700 700
600 - 600
=00 Fommooeooe- » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min [ 500
(e}
4004 400
o
1 e > g
! 3 R.T.= 19.6 min
00 ! F 300
200 E E 200
E OH
100 ' 100
H (e}
1 R R » f
0 | TR FRE N TTVIT TN [ L ! 5 R.T.=21.8min Eo
!\ || — ) Illll\ 1 10 . 1 1 . 1 . T . . . . . .
1] 5 10 15 20 25 30 35 40 45 50 55 60
Minutes

Supplementary Figure 37: Chromatogram corresponding to Figure 5b (switch 4, H2/CO2).
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- --» n-Butanol

9004 900
""" --- % Acetone
8004 800
7004 700
800 AR » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min 600
2
% s0od Fs00
i
4004 400
o)
] o P
e »
3004 ' 300
' 3 R.T.= 19.6 min
2004 E 200
E . OH F
H (o]
1004 : EEEEEEEEEE R > 100
] o 5 R.T.=21.8 min s
0 O T 1l 1 I\ | Lo
T 1 UL TTT IIH 1100 111 . 11 1 . 1 . 1 . . . . . .
1] 5 10 15 20 25 30 35 40 45 50 55 60
Minutes
Supplementary Figure 38: Chromatogram corresponding to Figure 5b (switch 5, Hz).
00 - - - - » n-Butanol |- 900
Wy e ---®  Acetone e
7004 [ 700
6004 [ 600
] R REEEEEEE » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min I
1 '
@ s=ooq H F 500
H
o)
4004 [- 400
o.
] immmmees > L
: 3 R.T.=19.6 min
3004 ! 300
200 | - 200
: OH
1004 : [ 100
H o
] l e » L
' 5 R.T.=21.8 min
0 ey gy 1y : : : ‘ : : o
i 5 10 15 20 P 30 35 40 45 50 55 60
Minutes

Supplementary Figure 39: Chromatogram corresponding to Figure 5b (switch 6, H2/CO2).
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Sangle Name:WLG DK-203-01
0.
]
=

&2
RT.=17.2,17.8

mV/(x1, (i}

n-Butanol
1257 Acetone

Tetradecane (int. std.}

Sanple Name WL G-DK-223-01
mV(x1.000)

n-Butanol

Agetone | EHEOL -

075 Tetradecane (int. std

T T T T T T T T T
25 50 is 100 125 150 175 20 25 20 275 300 25 min

Supplementary Figure 40: Chromatograms corresponding to Table 1, Entry 1. Top: CO2 switched

OFF; bottom: CO2 switched ON.

Dalafile Name:WLGDK-Z70-01_03.03.2020_001.gcd

Samgle Name WLG-DK-Z70-01
MV, 000)
1.00
n-BUtaicl 0 e —r W\
Acetone ]| e—— — OH
.75 N
RT.=184,19.2
.50~ Tetradecane (int. std.) G/\g/\
0.25-
[T —
RT.=18.1 L—J|

T
25 50 T5 110 125 150 175 20 25 2540 25 300 325 min

Datafile Name WLG DK-Z708-01_05.08.2020 001 .gcd

Sampe Name WLG-DK-2708-01
MV, 000}
Acetone o
1o r-Butanol U/\“/\
- o
b
075
Tetracecane (int. std.) RT.=181
.50+
0.
| — H
0.25- i
I } Ta
i RT.=184, 19.2
000 ) [
25 50 75 0o 125 150 175 20 25 250 25 a0 125 min

Supplementary Figure 41: Chromatograms corresponding to Table 1, Entry 2. Top: CO2 switched

OFF; bottom: CO2 switched ON.
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Datafile Name WL G-DK-260-01_03.08 2020_001.gcd

Sample Name WLG DI-269-D1
V{31, 000}
2087
200y n-Butanol O
. Acetone » oH
1503 Tetradecans (int. std.) [ e 4
! RT.=19.9,20.5
1255 |
° I
- T
PU—
0755 &h
RT.=193
0.50]
0.957 l
0.00 1 " Jl
25 50 75 0o 125 150 175 20 25 250 2#s 0 325 min
Dalaiile Name:WILG-DIC257A.01_20.07.2020_001.gcd
Sample Name WLG-DI-257A-01
MV, 000}
225 n-Butanol
Acetone 0.
1.75]
8b

1.50 Tetradecane (int. std.) RT.=19.3
125

. y <°J/Y\/
1.0 HE | OH

HE
0157 i a

H]

i RT.=19.9,20.5
.50 H
0.255 l
b0 i LA | i

25 50 75 0o 125 150 175 20 25 250 25 a0 125 min

Supplementary Figure 42: Chromatograms corresponding to Table 1, Entry 3. Top: CO2 switched

OFF; bottom: CO2 switched ON.

Dataie Name:WLG-DI-2916-01_18.08 2020 001 grd

Samge Name: WG DK-2918-01
200" 0AL000)
Tetradecane
1755
Acetone n-Butanol (int. stal.) 0
1,50 0
1259 ——
10 % oH
0.75] RT.=18.1 w
L | e O >
0257 9
RT.=10.8
ool Ll L -
25 58 75 W8 125 188 175 28 235 20 s 308 WS 30 75 M0 AZ5 450 415 500 525 560 " min
Dakalio Hamr WLIG DICZ0A.01_1.08. 2000 001 ged
Sample Hame W E0K-ZA M
A
&l Acetone n-Butanol Tetradecanse (Int. std.)
0
58 ‘C:r\JK
an o
— RL=ma
38 o
2] ‘U\)\
—
18] o
l I RT.a1is8
" r VT L M 1 P
25 58 75 W3 15 H8 W5 28 25 224 W5 N U5 B2 W5 M$ 425 54 A5 S S5 S8 me

Supplementary Figure 43: Chromatograms corresponding to Table 1, Entry 4. Top: CO2 switched

OFF; bottom: CO2 switched ON.
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Dalafile Name WL G-DK-2008-R_19.08.2020 001.ged

Samgie Name W1LG-DK-2008-R
mV(x100)

Acetone n-Butanol Tetradecane {int. std.}

T T T T
1580 25

T T T
100 125 250 275 300

Samgie Name W1 GDK-294-01

T
325

Datafie Name:W1LG-DI-204-01_19.08. 2020 001.grd

T T
475 500

Acetone n-Butanol Tetradecane (int. std.)

oo i . "

10b
R.T.=32.6 min

OH

Rene

10a
R.T. =423 min

—— T T — T ——
25 50 75 100 125 150 175 200

OFF; bottom: CO2 switched ON.

wﬁM
N B e R e R e B
25 250 25 300 25 E ) 375 00 425 45

Supplementary Figure 44: Chromatograms corresponding to Table 1, Entry 5. Top: CO2 switched

e
1

T S T
475 500 525 550

1 --- - n-Butanol t
so0| 1T----- r---%» Acetone 900
800 |- 800

"""" » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
700 |- 700
600 |- 600
1 @) d
E 500 O 500
I e - L
- ]

E ' \ / 2 R.T.=19.2 min r
400 ' F 400
] ! 0 g

; o}

300 : pmmmmm-- > 300
1 , , 3 R.T.= 19.6 min L
200 . E OH 200
| 0 ,

voammmeeeee »
1001 ' \_/ 4 R.T.=21.6 min 100
° : . L u.ul' — : : : : : e 0
0 s 10 15 20 5 30 35 40 45 S0 g5 &0

Minutes

Supplementary Figure 45: Chromatogram corresponding to Supplementary Table 3, Entry 1.
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""""" > Acetone
- - - - » n-Butanol
900 [-900
1 1 1 A » Tetradecane (int. Std.)  Retention Time (R.T.)= 14.2 min 3
800 |- 800
700+ [ 700
600 [ 600
»
% sooq o F s00
5
1 o 3
AR A\
400 ! 2 R.T.=19.2 min I-400
| : O .
' o,
300 R, > F 300
1 3 R.T.=19.6 min s
1 1
200 . 1 [ 200
] OH |
0.
TR > L
1004 M 100
b \_/ 4 R.T.=21.6 min
0 . \ : == = —— . . . . 0
0 S 10 15 20 23 30 s 40 45 50 55 60

Supplementary Figure 46: Chromatogram corresponding to Supplementary Table 3, Entry 2.

- - - - » n-Butanol
w4 7T r---% Acetone [ o
"""" » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
8004 [- 800
O
7004 700
(0)

[ R N A T \_/ 2 R.T.= 19.2 min i
600+ B . -
1 o g
‘Tﬁ;‘ 5004 500

O I e I N . o
' 3 R.T.=19.6 min
400+ ' 400
. OH
1 ! 0o g
I »
3004 o F 300
" \_/ 4 R.T.=21.6 min
200 ! E F 200
] 5 OH s
100 : O [ 100
o P - _
0 T VR L 5 R.T.= 21.8 min _ .
o I5 1‘0 1‘5 2‘0 2‘5 3:0 3‘5 4‘0 4‘5 5‘0 5‘5 60

Minutes

Supplementary Figure 47: Chromatogram corresponding to Supplementary Table 3, Entry 3.
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] - --» n-Butanol s
oo 1 ---®  Acetone [ s00
Y | Rl » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min [
800 |- 800
7004 Q/\)J\ R.T.=19.2 min 7o
e N I R [, Q/\)J\ F 600
1 ; R.T.= 19.6 min g
a2 :
3 s ' OH F 500
- '
] ! O L
Pammmm e e E
400 \ /. R.T.=21.6 min a0
3004 E : [ 300
o OH
2004 v {200
1 (o)
1 e L > g
0] 5 R.T.= 21.8 min oo
0 |lk i I\ I\ L |§'I|J ‘ |'I p:m |L - - - - - . - 0
0 10 15 20 25 30 35 40 45 50 55 60
Minutes
Supplementary Figure 48: Chromatogram corresponding to Supplementary Table 3, Entry 4.
- - - - » n-Butanol
S ----®  Acetone F oo
T 1 1t t--- » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min [
8004 800
700 Falaieiii k700
] 2 R.T.= 19.2 min 3
' O
600 H 0 F 600
k! [ > L
. 3 R.T.= 19.6 min
T so0d ' F 500
3 ,
4004 E 400
300 E E Q/\)\ R.T.=21.6 min F 300
2004 . . Q/\)\ E 200
1 N R.T.=21.8 min 2
100 E E E 100
s e | (T P Ml o NI s
. T 1L 1] T 1 II TT T 01 \II . . . . . ‘I
i] 10 15 20 25 30 s 40 45 50 55 60
Minutes

Supplementary Figure 49: Chromatogram corresponding to Supplementary Table 3, Entry 5.
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- - - - » n-Butanol
wd [ ----® Acetone -
T 1 1t - » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min F
8004 [ 800
(0]
] o i
wy N 1 s > 700
3 R.T.=19.6 min
6004 [ 600
s
2 so04 | s00
§
OH
400 F 400
O
] R R > b
: 5 R.T.=21.8 min
3004 ' [ 300
2004 E 200
1004 [ 100
. Ll Ll 1o | QL 1l ! 0
1T - 1 111 T T 1 LTI \‘ T - - - - - I|
0 10 15 20 25 30 35 40 45 S0 585 60
Minutes
Supplementary Figure 50: Chromatogram corresponding to Supplementary Table 3, Entry 6.
- --» n-Butanol
w0 - [~~~ Acetone Fogo
a0 Vv g » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min [ a00
700 o [- 700
- o L
---------- »
600 {600
3 R.T.=19.6 min
§ =00 F 500
:
400+ OH [-400
E o a
R PP »
300+ ' {300
. 5 R.T.=21.8 min
2004 E [ 200
100 l [~ 100
0 Lwlll \I!L\i‘l \‘ ||I \Iw*l II II \‘ - - - - - - ; Fo
0 10 15 20 25 30 s 40 45 S0 55 60
Minutes

Supplementary Figure 51: Chromatogram corresponding to Supplementary Table 3, Entry 7.
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- --» n-Butanol
""" [---% Acetone
900 |- 900
4 1 0 e » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min s
8004 [ 800
7004 {700
E o E
600 o) |- 600
| [ I > r
. 3 R.T.= 19.6 min
T so0q F 500
:
4004 400
E oH E
300 (o) F 300
............ P
E 5 R.T.=21.8 min s
200 {200
100 [ 100
o - \_1‘\1 T ! ”] |j‘\l II \IHH ‘I - - - - L - - o
0 10 15 20 25 30 s 40 45 50 55 80
Minutes
Supplementary Figure 52: Chromatogram corresponding to Supplementary Table 3, Entry 8.
ER N EEREEEEEE B » n-Butanol L
Wy et > Acetone re0a
--------- » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
8004 800
7004 700
600 - 600
§ 500 F s00
] (0]
E o £
P N Y R > F400
] 3 R.T.= 19.6 min 9
3004 300
1 OH 3
2004 ©) F 200
R »
] : 5 R.T.=21.8 min g
1004 E 100
a - H IH‘ T L # \” Iul L . 1 . |l‘ - - - - T a
0 10 15 20 25 30 s 40 45 50 g5 €0

Supplementary Figure 53: Chromatogram corresponding to Supplementary Table 3, Entry 9.

Minutes
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e A » n-Butanol P
----- ----%» Acetone
8004 800
w0t » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min oo
6004 600
§ 00 £ 500
E (0]
] o b
400 et > [ 400
1 3 R.T.=19.6 min 2
2004 E F 300
] : OH -
200 ! O [ 200
R R »
1 ; 5 R.T.= 21.8 min i
100 . k100
o L i . \II L 1 \h o
] : 1h 1‘5 2‘0 2‘5 SID 35 4‘0 45 50 5‘5 60
Minutes
Supplementary Figure 54: Chromatogram corresponding to Supplementary Table 3, Entry 10.
E I I » n-Butanol i
200 |- a00
E ----%» Acetone F
800 F so0
] LR R » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min i
7004 : [ 700
600 E F 600
] E 0 b
g 500 E o |- s00
E N > r
ol | 3 R.T.= 19.6 min oo
] ' OH :
200 [0) | 300
| [ > L
! 5 R.T.= 21.8 min
2004 . F 200
1004 100
o \I \I d‘ 1 \LIII L II \l - |I ; - ; - - . o
0 10 15 20 25 30 35 40 45 S0 S5 60
Minutes

Supplementary Figure 55: Chromatogram corresponding to Supplementary Table 3, Entry 11.
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04 |- » n-Butanol |- 900
8003 -} = Acetone [ oo
700 e = Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min e
6004 I 600
| = | ° bao
s : el /va/”\\/l'L\ #
: . o, RT= 19.2 min
404 : : o S
: GA)J\
! B EEEREEEERE
: 3 RT=19.6min
3004 H [ 300
OH
2004 J I 200
\' 777777777777 E “ T ~
! \ 4 R.T.=216 min
1004 1 oH F 100
o)
l ————— uJ ‘I _______ - (_7/\)\ -
. i M 5 R.T.=21.8 min L
0 10 15 2 2 ] £ @ 48 55 80
Mnutes
Supplementary Figure 56: Chromatogram corresponding to Supplementary Table 3, Entry 12.
%004 == g n-Butanol | so0
8004 - 800
= Acetone
7004 | 700
AR EEEEELEES] = Tetradecane (int. 5td.) Retention Time (R.T.)= 14.2 min
600 |- 800
: o
§ s 0 Lo §
: : seemmomnnes - Q/\)K H
i : 3 R.T.= 19.6 min
w00 : | 400
00 i 300
oH
o
- (_?M
2004 5 R.T=21.8min 200
100 100
‘ - T S o
0 10 15 2 ] 2 ) %« 48 55 ®

Supplementary Figure 57: Chromatogram corresponding to Supplementary Table 3, Entry 13.
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Millivaits
=]
=

L

------ » n-Butanol

------ » Acetone

R » Tetradecane (int. Std.)

J%M‘ L

Retention Time (R.T.)=

Q/\)J\ R.T.=19.2 min
()
>
3 R.T.= 19.6 min

Q/\)\ RT 21.6 min
Q/\/j\ R.T.=21.8 min

14.2 min

900

- 800

- 700

- 600

500

Supplementary Figure 58: Chromatogram corresponding to Supplementary Table 3, Entry 14.

25 30 35

Minutes

45

50

Millivolts
a
a
I

1004

LA%IJ—%%MJLILJ"J

----- » n-Butanol

----------- » Acetone

» Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min

(e}

O
............ >
5 R.T.=21.8 min

O
>
3 R.T.= 19.6 min

OH

Supplementary Figure 59: Chromatogram corresponding to Supplementary Table 3, Entry 15.
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Millivelts
&8
8
1

100+

E

» n-Butanol

------ > Acetone

e » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min

(e}
O
-------- »
\ / 2 R.T.=19.2 min

(0]
(0]
---------- >
3 R.T.=19.6 min

Q/\)\ R.T.=21.6 min

Supplementary Figure 60: Chromatogram corresponding to Supplementary Table 3, Entry 16.

20 25 30 35 A‘lﬂ 45 50

Minutes

55

900

800

7004

6004

500

Millvolts

400

300

200

100+

------ » n-Butanol

------ » Acetone

AL

(e}

3 R.T.=19.6 min

OH

; o
I bbbt »
' 5 R.T.= 21.8 min

[SEET

Supplementary Figure 61: Chromatogram corresponding to Supplementary Table 3, Entry 17.
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Y N EE R » n-Butanol E
S N B et > Acetone s
8004 800
momsmmmeeees » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
7004 ' 700
: 0
800+ : 600
! (0)
i ' e > \ / L
a : : 2 R.T.=19.2 min
T sood ' ! F 500
: : -
1 ! 1 (o} E
o e
4004 [ > F 400
1 : 3 R.T.= 19.6 min 8
300 E OH F300
1 ; o 3
[ >
07 H E \ / 4 R.T.=21.6 min £ 200
] | on r
1004 H : o E 100
, e - ,
I ‘. 1 5 R.T.=21.8 min
. LTI 1 V40 Lo ! -
. 1 1 1L T I T 11 ‘_” . 1 . . . . . .
0 10 15 20 25 30 35 40 45 50 55 60
Minutes
Supplementary Figure 62: Chromatogram corresponding to Supplementary Table 3, Entry 18.
1T 1 |------ » n-Butanol F
b (i iy > Acetone 900
8004 800
] e » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min L
. o]
7004 ' 700
: o)
| : REREEE P \ / .
600 E ! 2 R.T.=19.2 min oo
3 0] . H (0] Es00
] o 0 i
: Voot >
a0 ' b 3 R.T.= 19.6 min 400
3004 : : OH 300
] Vo o L
: Haeeiieii >
2004 : ' \ / 4 R.T.=21.6 min E 200
] ' OH E
100 . E @/\)\ k100
.- I »
1 5 R.T.=21.8 min g
0 10 15 20 25 30 35 45 S0 85 60
Minutes

Supplementary Figure 63: Chromatogram corresponding to Supplementary Table 3, Entry 19.
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] ----» n-Butanol o s
¢
N Y ---%» Acetone ||_..... P . N [ s00
1 \ / 2 R.T.=19.2 min [
oo | Tt r- » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min [ oo
] o s
700 O [- 700
= I | R | A > r
3 R.T.=19.6 min
6004 [ 600
g 500 OH |- 500
] o B
............. P .
<00 \ 4 R.T.=21.6 min .
00 OH I 300
E 0) a
B >
- : 5 R.T.=21.8 min 20
100 : [ 100
0 5 10 15 20 25 30 35 40 45 50 g5 60
Minutes.
Supplementary Figure 64: Chromatogram corresponding to Supplementary Table 4, Entry 1.
0
] -t - - - » n-Butanol o - (o) E
oo - ---% Acetone \ / 2 R.T.=19.2 min 900
i O .
---------- »
] 3 R.T.=19.6 min b
700 700
» Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
600 {600
g 5004 500
400 OH [ 400
o
I | A IR | N P, - E
\ 4 R.T.=21.6 min
300 300
E o b
200 [e) k200
---------- »

E 5 R.T.=21.8 min b
100 100
0+ IL‘ LH—H—'—*-I—I . i . -0
0 5 25 30 35 40 45 50 55 60
Minutes

Supplementary Figure 65: Chromatogram corresponding to Supplementary Table 4, Entry 2.
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1 ----3» n-Butanol b
Sk I f----* Acetone 900
i I R | IR (R ----» Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min b oo
700 OH F 700

I | N N . :
£ 5 R.T.=21.8 min oo

z’f 500 |- 500
4004 [ 400
3004 300
200 {200
100 [~ 100

o "‘Lull‘wl 1 \” ‘.I‘ ol \I Fo

0 ‘5 1‘0 1‘5 2‘0 2‘5 :;U 3‘5 40 4‘5 S0 85 60

Minutes
Supplementary Figure 66: Chromatogram corresponding to Supplementary Table 5, Entry 1.

1 ----» n-Butanol [
S I ---- % Acetone pe0o
800 800

F Y (SRt - - - Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min b
7004 700

] OH L
600 600

----------- >

1 5 R.T.= 21.8 min 3
g 5004 500
400 L 400
3004 =300
200 200
1004 100

0 S 10 15 20 2 30 kLY 40 45 L S5 60

Minutes

Supplementary Figure 67: Chromatogram corresponding to Supplementary Table 5, Entry 2.
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] ----» n-Butanol :
900 {900
------ [ ---® Acetone
800 |- 800
N | I S | - - - » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min L
7004 OH [ 700
E o a
............ P .
007 5 R.T.=21.8 min oo
g 5004 [ 500
400 F 400
300 [ 300
2004 200
100 [- 100
0 \ ST Y I .l L Fo
0 5 10 1‘5 2‘0 2‘5 ?:D 5‘5 nlh 4‘5 SID éﬁ 80
Minutes
Supplementary Figure 68: Chromatogram corresponding to Supplementary Table 5, Entry 3.
-« 3= n-Butanol
e N @ ficetone F o0
8]
....... -
3 R.T.= 19.6 min
7004 700
""""""" - - == Tefradecane (int. Std.)  Retention Time (R.T.)= 14.2 min
00 L so0
" A (R I I F s00
3 RT= mi
4004 .. .y 400
OH
3004 300
O
----------- -
5 R.T=21.8 min
200+ {200
1004 ! ' 100
cl b o | s
o . JrJII ' 1 ' T - ' TI T o
o 5 10 15 20 25 30 35 40 45 50 55 60
Minutes

Supplementary Figure 69: Chromatogram corresponding to Supplementary Table 5, Entry 4.
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] - - --» n-Butanol L
o0  ----- ---¥» Acetone F 00
L | D R ---|----» Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min |- 800
700+ o |- 700

- o L

EEE EEE R »
&0 3 R.T.= 19.6 min e
E 5004 {500

1 oH g
4004 (o) F 400

4 r 1 Nt 1-°-"-"° > L

5 R.T.= 21.8 min

3004 {300
2004 200
1004 [ 100

; sl TIRSOUS  SER YE g

0 IS 1‘0 1‘5 2‘0 2‘5 3:0 3‘5 4‘0 4‘5 SIU SIS 60

Minutes.
Supplementary Figure 70: Chromatogram corresponding to Supplementary Table 5, Entry 5.

E N I | PR » n-Butanol b
9004 [ 900
S bl - Acetone F
8004 [ 800
E P EEEEEEEE » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min a
7004 E [ 700
6004 E o [ 600
E E fo) L

P TUpupupu .

T \ / R.T.=19.2 min F>®
E E le) r
4004 | R » F 400
] 3 R.T.= 19.6 min 3
3004 OH {300

O
L | I N | - i
E \ / 4 R.T.=21.6 min
200 H F 200
1 OH
Rt »
100 .: [ 100
" 5 R.T.= 21.8 min
0 S 10 15 20 25 30 35 40 45 50 55 60
Minutes
Supplementary Figure 71: Chromatogram corresponding to Supplementary Table 5, Entry 6.
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----- = n-Butanol
900+ - 900
Lo I (N -~ ® Acetone [ &0
7004 F 700
500 =)
FERR LR TR = Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
E R
g 500 H o + so0
] P et
] : : 3 R.T.= 19.6 min
400 : ka0
] : oH
3004 ko] - 300
....... -
E 5 R.T.= 21.8 min
2004 F 200
1004 [ 100
o L L I ' h al Lo
'] 10 15 20 25 30 k-3 40 45 50 55 &0
Mirutes
Supplementary Figure 72: Chromatogram corresponding to Supplementary Table 7, Entry 1.
1 ----» n-Butanol o i
9004 O [ 800
----- [---% Acetone |----------»
3 R.T.= 19.6 min
8004 [ 800
1 1 1 |-------q------- » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min b
700 O [- 700
- »
s00 ' F 500
' \ / 2 R.T.=19.2 min
. ; OH
g s00 ' | 500
E ' (@)
E ' Pemmmm e » s
o \_/ 4 R.T.=21.6 min
4004 : : [ 400
300 . ' F 300
] C OH i
200 E E o | 200
E . N S > b
N 5 R.T.= 21.8 min
100 N [ 100
o |WH’ |I .W |J -\JlJ 11 ro
0 ‘5 ’I‘U 1‘5 2‘0 2‘5 C‘:D 3‘5 4‘(] 4‘5 SID 5‘5 60
Minutes

Supplementary Figure 73: Chromatogram corresponding to Supplementary Table 7, Entry 2.
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@04 |- = n-Butanol I %00
B T = Acetone e
700 e = Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min e
8004 I 500
§ s 0 bso  §
i i
R.T.= 18.2 min
4004 o | 400
,,,,, o
____________ -
3 R.T.= 19.6 min
300 F 300
H
2004 ) 200
B e E i - ~
3 i \ 1 RT.=21.6 min
1004 i 3 oH - 100
: : W
""" ' B et
o L i lul ]hJ ‘"]Jl 5 R.T.=21.8 min Lo
o 5 10 15 2 - 30 ] 4’0 4‘5 SID §5 80
Mnutes
Supplementary Figure 74: Chromatogram corresponding to Supplementary Table 7, Entry 3.
] F---3 n-Butanol I
wl] 0 [ ---%® Acetone o F e
---------- »
8004 {800
3 R.T.=19.6 min
7004 {700
i 1 |  |eeeeeeeefee--- » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min 8
800 (o) F 600
e »
i o /A R.T.= 19.2 min poo
= H =
' OH
400 ' [-400
, o
1 H R » E
o \_/ 4 R.T.=21.6 min
3004 : : {300
. ol OH E
- ik O/\)\
' ittt >
E b | R 5 R.T.=21.8 min L
100 . F 100
e '.'WJ-W 1 VEEE T E— o
0 IS 1‘0 1‘5 2‘0 2‘5 ?:D 3‘5 nlh 4‘5 SID 5‘5 &80

Supplementary Figure 75: Chromatogram corresponding to Supplementary Table 7, Entry 4.
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a0} « == g n-Butanol [ s00
800 + - 800
------- = Acetone
700 4 - 700
Frmmmesmmeeees = Tetradecane (int. 5td.) Retention Time (R.T.)= 14.2 min
800 : - 600
o
. .
§  s004 : o I 500
] | i -
: 3 R.T.= 19.6 min
400 ] 400
00 N - 300
OH
O,
- -
2004 5 R.T.=21.8 min 200
1004 100
o - L Ll L al Lo
1] s 0 15 2 25 30 k- 0 45 S0 55 &0
Mntes

Supplementary Figure 76: Chromatogram corresponding to Supplementary Figure 6 (switch 1, Hz).

] ----» n-Butanol i
900 [- 900
j 1---- ---® Acetone i

memmsommmooe- » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
800 : |- 800
1 5 o) g
700 ' O F 700
T
] Lo 2 R.T.= 19.2 min i
600 E E o F s00
i E E O L
§ =00 , A > [ 500
=] : 3 R.T.= 19.6 min i
400 . E OH | 400
] ' o s
. Po------m-m - - >
1 Do \ / R.T.= 21.6 min =
200 : E OH [ 200
] . 0 g
A [ >
100 A 5 R.T.=21.8 min o0
o |\L #\\Ill \l\IL-Hl |‘ Fo
0 IS 1Il] 1'5 le] 2'5 3‘U 3‘5 4‘0 4‘5 S‘D 5‘5 60
Minutes.

Supplementary Figure 77: Chromatogram corresponding to Supplementary Figure 6 (switch

H2/COz2).
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1+ |---- » n-Butanol o
Rk I EETETEEE ----% Acetone F %0
8004 [ 800
1 it » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min F
700 : [- 700
. (e}
00 H F 500
: O
1 : s - 3
8 ' . .
z  so0d ! ' 3 R.T.=19.6 min F 500
= ' .
400 ' OH E 400
E ' o b
[ (RS >
3004 5 R.T.= 21.8 min P
2004 [ 200
1004 [ 100
0 L LR T]‘fL —— 0
0 ‘5 1‘0 1‘5 2‘0 2‘5 C’:U 1;5 4‘0 4‘5 SIEI 5‘5 60
Minutes

Supplementary Figure 78: Chromatogram corresponding to Supplementary Figure 6 (switch 3, Hz).

1 ----» n-Butanol r
et I PEPTE ---- 3 Acetone o
800 e » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min Fo%
700 E [- 700
! (0]
o
0 ' ot > \ / F 500
] ' 2 R.T.= 19.2 min 8
a8 : : o
% soo ' ' I 500
] ' H (0)
A : : .......... > L
o] : ' 3 R.T.= 19.6 min F oo
] OH 8
300 N - o I 300
E E E \_/ 4 R.T.=21.6 min a
200 E . OH F 200
E N (o} a
, e >
e A 5 R.T.= 21.8 min Fe
0 - - LI‘ 0 I---|| IIL-.\‘ll‘ - |I - - - - - . o
1] 5 10 15 20 25 30 s 40 45 50 g5 60

Minutes.

Supplementary Figure 79: Chromatogram corresponding to Supplementary Figure 6 (switch
H2/COz2).
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1 1 - - - > n-Butanol I
w e ---% Acetone [ e00
8004 {800
] bbb » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min F
700 H [ 700
600 : o |- 600
' (0]
1 ' I - b
a8 : : .
3 s . 5 3 R.T.= 19.6 min |- s00
= : :
4004 H ' E 400
300 H 300
1 H OH b
2004 O [ 200
---------- »
7 5 R.T.=21.8 min [
100 [ 100
0 u‘ I “ |‘I - n ! . - - - - . o
0 10 15 20 25 30 35 40 45 50 55 60
Minutes

Supplementary Figure 80: Chromatogram corresponding to Supplementary Figure 6 (switch 5, Hz).

] ----» n-Butanol E
oy ----¥» Acetone %90
2800 . F a00
bbb bbb » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
700 E [- 700
6004 E [ 600
] : 0 g
2 ' o]
g saod Y RO > F 500
] : 3 R.T.= 19.6 min 5
400 E F 400
3004 300
200 OH F 200
E o b
---------- >
b 5 R.T.=21.8 min P
0 e ‘J L ol Lo
0 1IU 1‘5 EIU 2‘5 Z.’:EI 3‘5 4‘0 4‘5 SIEI 5‘5 60
Minutes

Supplementary Figure 81: Chromatogram corresponding to Supplementary Figure 6 (switch
H2/COz2).
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E Y I R » n-Butanol [
- > Acetone F%0
800 800
7004 700
600 600

momsmmmeeeees » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
g E
z 5004 : (o] 500
] 0 3
LT Y
4007 . H 2 R.T.=19.2 min F 400
3004 E 300
1 0
] : o F
200 Voot > F 200
. 3 R.T.= 19.6 min
100 : E 100
0 L |]‘| . — \‘\I ro
0 IS 1‘0 1‘5 2‘0 2‘5 3‘0 2;5 4‘0 4‘5 SID SIS 60
Minutes
Supplementary Figure 82: Chromatogram corresponding to Supplementary Table 8, Entry 1.
E N N R » n-Butanol a
900+ [-900
------------ » Acetone
8004 [-800
7004 [-700
e » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
€00 ' |00
E ' 0 3
g 5004 E > O 500
= ' T

1 E : \ / 2 R.T.=19.2 min r
400+ : E [-400
300 E O F 300

| o .

oyttt »

001 P 3 R.T.= 19.6 min e
100 ' E 100
0 .l |1|\ L = \lll o
1] IS 1‘0 1‘5 2‘0 2‘5 3:0 2;5 46 45 SID SIS 60
Minutes,

Supplementary Figure 83: Chromatogram corresponding to Supplementary Table 8, Entry 2.
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T 0 f------ » n-Butanol [
900 900
----------- » Acetone
8004 800
] RIS » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min s
700 E k700
6004 E 600
' (@]
a : O
3 s , R » \ / Es00
= ! ! 2 R.T.= 19.2 min i
400 E E [ 400
' ' (o]
300 N N E 300
: o)
] D eeeens - b
03 E ' 3 R.T.= 19.6 min E200
100 . F 100
o Ll . "'.ﬂi . : . . . . . Fo
0 10 15 20 25 30 35 40 45 S0 S5 60
Minutes
Supplementary Figure 84: Chromatogram corresponding to Supplementary Table 8, Entry 3.
T - » n-Butanol 3
9004 [ 900
EIR A it » Acetone 3
8004 [ 800
momsmsmeeee- » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
7004 E [ 700
: 0
00 ' F 500
' (o)
] : R - @ a
? 004 ! 2 R.T.= 19.2 min F 500
] L 0 g
400 ' E O F 400
' ' Rl iddid >
] Do 3 R.T.= 19.6 min q
004 . ' E 300
G o]
Do o
200 ' : [ > F 200
] Lo ; \ 1 R.T.= 24.2 min ]
100 E : E F 100
0 ul 11 . |I|Il :‘ Fo
1] 1‘0 1‘5 2‘0 2‘5 Z‘D 3‘5 dh 4‘5 S‘D 5‘5 60
Minutes

Supplementary Figure 85: Chromatogram corresponding to Supplementary Table 8, Entry 4.
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...... = n-Butanol
wl b > Acetone a
B + 800
R - TOD
SR » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
. e :
i 0
§ o ’ o~ o
s : o > }T/ o ;
| : I\ 2 R.T.=19.2 min
B E E o (- 400
: l ©
! b -
N 5 P 3 R.T.= 19.6 min >
o 1
N i 0 3
Lo cTTT >
v . \ J 1 R.T.=24.2 min
L S d
o 'S 1'0 1‘5 2‘0 = ;D * ‘Tﬂ "s .
Mrutes
Supplementary Figure 86: Chromatogram corresponding to Supplementary Table 8, Entry 5.
C D = n-Butanol _
5 + 900
............ = Acetone
~ F son
S » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
004 H a
. e i 3
_ e ° '
i o T > \ /
i ! 2 R.T.=19.2 min o
] : 9
o] L o 3
3 : : o > _
: . 3 R.T.= 19.6 min
2001 ' Vo 3
2004 : E N
B E E r 100
c . | t- £
(1] 5 0 1.5 2Iﬂ x 3" = “ ;5 N

Supplementary Figure 87: Chromatogram corresponding to Supplementary Table 8, Entry 6.

65



------ » n-Butanol
et B R e ahb » Acetone F*°
500 bbbty » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min - 800
700~ E 700
: 0
&0+ : o 600
P ~\
§ o] ' : 2 R.T.=19.2 min o
1 ' ' 1
1 ]
a0 . . 0 400
i ]
: : 0
' I i -
200 ' ] . F 300
v 3 R.T.= 19.6 min
[
20 Lo OH 200
[
T O
1004 ! . Vot > F 100
I 5 R.T.=21.8 min
1 )
-Il - |‘ - L i . ro
o 5 1 s 2 = 0 s o o s s o
Supplementary Figure 88: Chromatogram corresponding to Supplementary Table 8, Entry 7.
—————— = n-Butanol
o Rl Hiel » Acetone w
900 - 800
oo - 0
FRREEEEEEEEEE » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
00 ' a 600
- : R E = .J S \.—-‘JLL“n -
] 00! N i \/‘ .-"l . . =0 :
: ' QL 2 R.T.=19.2 min 3
' i Is}
o : ' - 400
: | o
. Vo -
- ; 3 R.T.= 19.6 min -
1 : 0
v Frememanan -
I ' " 1 R.T.=24.2 min
00 E N E - 100
o Ll L 'i ! Lo
-] ] ] -] o - k] ¥ L L] 0 E-] L1

Supplementary Figure 89: Chromatogram corresponding to Supplementary Table 8, Entry 8.

66



------m n-Butanol
b I L i = Acetone [ooe
800 800
700+ Fomeemeoeoes = Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min |- 700
i
600 ' 600
' O
i o~ .
P oo | T =4 7T 0 =
: ' U R.T.= 19.2 min :
4004 E E 400
! E 0
200 ] E o E 300
! R -
] ' P 3 R.T.= 19.6 min '
200 ! : F 200
Lo OH
Vo o}
100 b pmemeeaees - F1o0
oo 5 R.T.=21.8 min i
. S TR, ST - Lo
o 5 0 15 2 b3 X x 40 45 50 85 &0
Mtes
Supplementary Figure 90: Chromatogram corresponding to Supplementary Table 8, Entry 10.
------ » n-Butanol F
b A T S » Acetone e
B0+ 800
00+ 700
00 Fe00
RRARELAEAEEE » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
i o E taw §
. ' -
200 . Fa00
' 0
: o]
300 ' Tttt - F 300
: 3 R.T.= 19.6 min
200 E k200
: OH
e 0 ‘
1004 ' pmmmmmmmes - F 100
P 5 R.T.= 21.8 min b
° T L | | I ] Fo
3 5 o s = = P % 2 P = 5

Supplementary Figure 91: Chromatogram corresponding to Supplementary Table 8, Entry 11.
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------ = n-Butanol
wd - = Acetone =
800+ 800
00 k700
00 k500
RRERER R = Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
] : a
3 500 ' pso 8
) ' H
4004 i k400
X o]
' o]
300 ! - o - 300
: 3 R.T.= 19.6 min
2004 é OH {200
: o]
. Pt - oo
b 5 R.T.=21.8 min
0 Lv—w S - .'.l i L o
] 5 10 -] x > 30 » £ 45 50 55 &
Mrutes
Supplementary Figure 92: Chromatogram corresponding to Supplementary Table 8, Entry 12.
—————— » n-Butanol
ek I A > Acetone P
800 200
00 4 ¢ T00
EREEEEEEEEEE » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
1600 < ' - 600
§ s . bsoo  §
] ! i
00 400
L} O
]
' 0
00 R R - 300
! 3 R.T.= 19.6 min
2004 E OH F200
‘ 0]
100 ' . - 100
o 5 R.T.=21.8 min
o LH W | - ulu ] | :J ! Lo
0 5 10 1 P 2 » s @ 45 P 5 @

Supplementary Figure 93: Chromatogram corresponding to Supplementary Table 8, Entry 13.

68



------ » n-Butanol
o = Acetone f %0
800 I 800
700 700
L 500
RRRERREER A » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
g 00 N 00
400 E b 400
. o}
00 : O 300
: e -
' ; 3 R.T.= 19.6 min
200 : 200
X OH
| 0
100 I Rt - F 100
Co 5 R.T.= 21.8 min
0 L.J.I . ] Alli 1 ; ] Eo

Supplementary Figure 94: Chromatogram corresponding to Supplementary Table 8, Entry 14.

T 1 f------ » n-Butanol s
e e ARt > Acetone s
800+ [ 800
700+ [- 700
600+ |- 600
o » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
l?j 500 : F 500
3 '
; o)
4004 ' F 400
' (0]
] . PR - s
0] : ; 3 R.T.= 19.6 min 00
0 , OH F 200
1 , (0] E
b >
™ b 5 R.T.=21.8 min [
0 NoL L I . Fo
0 I5 1ICI 1'5 ZICI 2'5 Z.':D 3'5 4'(] 4'5 SID 5‘5 60
Minutes

Supplementary Figure 95: Chromatogram corresponding to Supplementary Table 8, Entry 15.
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—————— = n-Butanal
w4 |- = Acetone | 900
BO0 [ 800
700 F 700
00 | 800
LRRRREEREEER = Tetradecane (int. Std.) Retention Time (R.T.}= 14.2 min
P oo : Lsoo  §
i . L
400 ; o F 400
: Q/\)\
. e E
100 i N F 300
' : 3 R.T.=19.6 min
200 E F 200
H OH
. e}
100 ; prmmmmmees - 100
E ' 5 R.T.=21.8 min
A L‘ II II II II |I|I LIl II |: E,I Lo
o ‘5 1‘0 1’5 0 Jr!' :ro 3’5 IIO 4‘!' 5:0 5‘5 &
Mires
Supplementary Figure 96: Chromatogram corresponding to Supplementary Table 8, Entry 16.
------ » n-Butanol
500 800
---------- = Acetone
800 4 800
o0 700
6004 ) - e00
EEEEEEEEERE »= Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
£ : e
§ 0 H rso  §
; o}
4004 : o 400
L -
: : 3 R.T.= 19.6 min
300+ : H 300
' :
200 ' OH F 200
! (o}
Poogmmemeeee -
1004 v ! 100
b 5 R.T.=21.8 min
v
o : i 1 e Fo
] s 0 1% X -} 0 » 40 45 0 &8
Mnues

Supplementary Figure 97: Chromatogram corresponding to Supplementary Table 8, Entry 17.
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...... = n-Butanol
wd 0 e Moo _. = Acetone y
R [ a0
N - 700
_ - 600
porenennanas » Tetradecane (int. Std.) Retention Time (RT.)=14.2 min
§ =] : :
: :
4004 : O 3
' (0]
: [ -
ol : E R.T.=19.6 min >
200 : 3
; OH
e 'm
| P 5 R.T.= 21.8 min
) \ VT 'J 'J = 3
0 5 10 5 2 5 « = “ :
Mrutes
Supplementary Figure 98: Chromatogram corresponding to Supplementary Table 8, Entry 18.
...... = n-Butanol
wd 0 o). » Acetone -
00 3
70 a
00 3
SRS = Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min ]
§ o] ! -
- .
. ; 0 -
: o]
: prTemees =
300 ' H 3
: 3 R.T.= 19.6 min
2004 5 B
5 OH
! (8]
100 3 : __________ = a
: : 5 R.T.= 21.8 min -
, \ lu L 1 by - X
0 5 1 s 2 B % » “ )

Wilois

T

Supplementary Figure 99: Chromatogram corresponding to Supplementary Table 8, Entry 19.
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------ » n-Butanol
=0 IR (b * Acefone [¥®
800 [ 600
00 [ 700
L N | » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min - 800
E 500 [ 500
400 {400
0
8]
3004 gt > 300
' 3 R.T.= 19.6 min
201 : OH F 200
: o
Vo gmmmmemeeee -
100 P 5 R.T.=21.8 min [ 100
P
e el Lo
0 I5 IIU |I5 ';] -1 ﬁu » 40 a5 S0 5‘5 &0

Supplementary Figure 100: Chromatogram corresponding to Supplementary Table 8, Entry 20.

------ » n-Butanol
500+ - 800
------------ = Acetone
00 - 800
TOO0 T00
€00+ X - 600
e » Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
§ ] ; s
4004 E O L 400
: 0O
: St -
%0 - E 3 R.T.= 19.6 min %0
004 : 200
H OH
]
: 0]
100 1o gmemmmeeees > 100
I 5 R.T.=21.8 min
o] ‘g L# 1 J L |III| I'I o
L] '5 1‘D 1‘5 20 -] !’0 » 40 45 50 Sls &
Mnutes

Supplementary Figure 101: Chromatogram corresponding to Supplementary Table 8, Entry 21.
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------ = n-Butanol
w4 ey = Acetone 900
1800 - 800
To0+ 700
RREEEELEEEED = Tetradecane (int. Std.) Retention Time (R.T.)= 14.2 min
600 ' F s00
2 '
i =00 ' |- so0
3 .
400 : o Fs00
! o
R R -
300 4 H F 300
! 3 R.T.= 19.6 min
200+ : OH 200
: o}
Lt -
100 . 100
o 5 R.T.= 21.8 min
B i h L L L I A Lo
° 5 0 M P = M 3 0 e P @

LI

Supplementary Figure 102: Chromatogram corresponding to Supplementary Table 8, Entry 22.
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NMR Spectra

© o o
(5] N~ o
) - -
| I |
)O]\ b Ru(2-methylallyl),(COD) (0.026 mmol Ru) n-BuOH
o™ .
a R 100°C, H, (25 bar), 16 h
n-BUOH (0.5 mL)
a
n-BuOH
n-BuOH
n-BuOH
Cc
Mesitylene
b \
Mesitylene
coel, |
\ A

35 3.0 25 2.0 1.5 1.0 0.5
(ppm)

Supplementary Figure 103: 'H NMR spectrum (CDCls, 400 MHz) corresponding to Supplementary

o

7.0 6.5 6.0 5.5 5.0 4.5 4.
e}

Table 2, Entry 1 right.
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-171.4
—60.2
—-221

14.2

?
m
c
o —
T

A
i ¢ Ru(2-methylallyl),(COD) (0.026 mmol Ru) n-BuOH
o .
a b d 100°C, H, (25 bar), 16 h
n-BuOH (0.5 mL)
n-BuOH

Mesitylene

d
c
Mesitylene / a \/
b {—*—‘\ CDCl, I \ ]
| . I

Mesitylene

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
5 (ppm)

Supplementary Figure 104: '3C NMR (CDCIs, 100 MHz) spectrum corresponding to Supplementary

Table 2, Entry 1 right.
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—3.89
—1.82
-1.07

)J\ b Ru@PGS (0.026 mmol Ru) n-BuOH
(¢]

a c 100°C, H, (25 bar), 16 h
n-BuOH (0.5 mL)

n-BuOH n-BuOH
Mesitylene a n-BuOH

Mesitylene

b
CDCl, L | M
Y

0 7

7.0 6.5 6.0 5.5 5.0 45 ) 3.5 3.0 2.5 2.0 1.5 1.0 0.5
ppm)

o b
~0

Supplementary Figure 105: '"H NMR (CDClz, 400 MHz) spectrum corresponding to Supplementary
Table 2, Entry 2 right.
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—171.7
—60.1
s —21.8
14.5

@
c
o _
I

7
T

)O]\ c Ru@PGS (0.026 mmol Ru) _
N
a P © d 100°C, H;, (25 bar), 16 h n-BuOH

n-BuOH (0.5 mL)

n-BuOH

Mesitylene]

Mesitylene c a
, | =

Mesitylene

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
S (ppm)

Supplementary Figure 106: '*C NMR spectrum (CDCls, 100 MHz) corresponding to Supplementary

Table 2, Entry 2 right.
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o
= 2 R
N~ N -
I I I
n-BuOH
o Ru(2-methylallyl),(COD) (0.026 mmol Ru)
S
a N 100°C, H, (25 bar), 16 h
b n-BuOH (0.5 mL)
n-BuOH n-BuOH
n-BuOH
Mesitylene
b
CDCl, Mesitylene a
I J L l J
1 g

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
S (ppm)

Supplementary Figure 107: '"H NMR spectrum (CDCls, 400 MHz) corresponding to Supplementary

Table 2, Entry 1 left.
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—171.8
—26.3
- 221

)O]\ Ru(2-methylallyl),(COD) (0.026 mmol Ru) n-BuOH

b N 100°C, H, (25 bar), 16 h
n-BuOH (0.5 mL)

n-BuOH n-BuOH|

Mesitylene Mesitylerje
CDCly

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
S (ppm)

Supplementary Figure 108: '3C NMR spectrum (CDCls, 100 MHz) corresponding to Supplementary

Table 2, Entry 1 /left.
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—7.21
—2.58
-1.77

n-BuOH
(e}
)]\ c Ru@PGS (0.026 mmol Ru)

N~ - n-BuOH
a H 100°C, H, (25 bar), 16 h

b n-BuOH (0.5 mL)

|r-BuoH
n-BuOH
Mesitylene
Mesitylene
b

cocl, 2

300  Comm— O
___

7

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
S (ppm)

Supplementary Figure 109: '"H NMR spectrum (CDCIs, 400 MHz) corresponding to Supplementary

Table 2, Entry 2 left.
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© 0o
~ 06 QN
- NN
| |
n-BuOH
o c Ru@PGS (0.026 mmol Ru) A
M
a PH 100°C, H,, (25 bar), 16 h
n-BuOH (0.5 mL)
n-BuOH n-BuOH
Mesitylene
Mesitylene
c x
cocl, \ \/)
b
. | I R

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
S (ppm)

Supplementary Figure 110: '*C NMR spectrum (CDCls, 100 MHz) corresponding to Supplementary

Table 2, Entry 2 left.
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© U AN ™ O ©
© << © 1B )
N NN~ © © N
[l | | |
o
(¢} c\ H,O
f / b 2
e d 1
a
MeOD
f C d be
|l [ )
§ 7 Y g
3.0 7.6 7.2 6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 24

S (ppm)

Supplementary Figure 111: '"H NMR (MeOD, 400 MHz) spectrum of furfuralacetone (1).
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N Qv M v 0 9 -
o NN~ N O O~ .
o n <t MN\—E ~
N - - ™ - T N
| (. [ N I
o
d
O X
g 1 1 MeOD
b eh d ¢ f 9 a
L . L1 |

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
S (ppm)

Supplementary Figure 112: '3C NMR (MeOD, 100 MHz) spectrum of furfuralacetone (1).

Summary furfuralacetone (1):
"H NMR (400 MHz, MeOD): d 7.66 (s, 1H), 7.45-7.42 (d, J = 12 Hz, 1H), 6.83 (d, J = 5 Hz, 1H), 6.49

(m, 2H), 2.36 (s, 3H); 3C NMR (100 MHz, MeOD): & 200.2, 152.0, 147.1, 132.3, 125.1, 117.5, 114.6,
27.1.
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—3.85
-3.71

H,O

MeOD

0

9
—1.51
—1.16

cdf,g

(—*—\

AR

| ML

B

)6 5452504846444240383634323028262422201816141.2100806040

S (ppm)

Supplementary Figure 113: Representative 'H NMR (MeOD, 400 MHz) spectrum of 4-(2-

tetrahydrofuryl)-butan-2-ol (5) obtained after hydrogenation of 1 using Ru@PGS under H2 (crude

mixture).
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_79.7
—67.1
_35.4
315
~30.9
_25.1
_22.1

h e o P, MeOD

Lo f
e e o

— @
r—m

80 78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 2
S (ppm)

Supplementary Figure 114: Representative 3C NMR (MeOD, 100 MHz) spectrum of 4-(2-

tetrahydrofuryl)-butan-2-ol (5) obtained after hydrogenation of 1 using Ru@PGS under Hz (crude

mixture).

Summary 4-(2-tetrahydrofuryl)-butan-2-ol (5):

'H NMR (400 MHz, MeOD): 6 3.85-3.71 (m, 4H), 2.01-1.51 (m, 8H), 1.16 (d, J = 6.8 Hz, 3H); '3C NMR
(100 MHz, MeOD): 6 79.7, 67.1, 66.9, 35.4, 31.5, 30.9, 25.1, 22.1.
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(o) =] (=2 o 0OV
(3 X yr] N AN ™=
(I | [
(e}
o c
9 d b a
f e 3
H,0 a

MeOD|

Signals for Product 5

A
[ !

d,g

e

__J _ . A

p 8

5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
S (ppm)

3.00

X
I
~

1.81-

Supplementary Figure 115: Representative 'H NMR (MeOD, 400 MHz) spectrum of 4-(2-

tetrahydrofuryl)-butan-2-one (3) obtained after hydrogenation of 1 using Ru@PGS under H2/CO:2

(crude mixture).
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Supplementary Figure 116: Representative 3C NMR (MeOD, 100 MHz) spectrum of 4-(2-
tetrahydrofuryl)-butan-2-one (3) obtained after hydrogenation of 1 using Ru@PGS under H2/CO:2

(crude mixture).

Summary 4-(2-tetrahydrofuryl)-butan-2-one (3):

"H NMR (400 MHz, MeOD): & 3.79-3.70 (m, 4H), 2.59 (m, 2H), 2.20 (s, 3H), 1.99-1.74 (m, 8H); 13C
NMR (100 MHz, MeOD): & 202.3, 80.1, 67.7, 40.4, 32.5, 30.2, 30.0, 27.1.
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