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|. General
If not stated otherwise, the reaction was carried out in a 10 mL Schlenk tube and

all commercially available compounds and chemicals were purchased from Alfa Aesar,
sigma, Adamas-beta, Energy Chemical, TCI and aladdin. And used as received, unless
otherwise noted specially. All glassware was either oven dried or flame-dried prior to
use.

The Photo Reaction Setup (SCI-PCRS-3-455) was purchased from Anhui Kemi
machinery technology Co., Ltd.

Gas chromatographic (GC) analysis was acquired on a Shimadzu GC-2014 Series
GC System equipped with a flame-ionization detector. UV-Vis spectrum was
measured by UV-3600. *H-NMR and 2C-NMR spectra were recorded on a Bruker
Avance 400 spectrometer at ambient temperature. Multiplicities are described using
the following abbreviations: chemical shift (ppm, scale), multiplicity (s = singlet, d =
doublet, t = triplet, g = quartet, m = multiplet and/or multiplet resonances, br = broad),
coupling constant (Hz), and integration. Carbon chemical shifts are reported in ppm (3)
relative to TMS with the solvent resonance as the internal standard (CDCls, 6 77.16
ppm). NMR data were collected at 25 <C. NMR spectra were processed using
MestReNova.
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I1. Experimental Procedures
1. The synthesis of 2,5-dihydroxymethyltetrahydrofuran.
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The 2,5-dihydroxymethyltetrahydrofuran was prepared from 5-hydroxymethylfurfural
(5-HMF) by the hydrogenation experiments.[l A 25 mL stainless steel autoclave
(Purchased from Anhui Kemi machinery technology Co., Ltd.) with a stir bar was
charged with 1.8 g of 5-HMF, Raney nickel catalyst (100 mg) and 10 mL of ethanol.
The stainless steel autoclave was purged 3 times with nitrogen, and 2 times with
hydrogen. And then the autoclave was pressurized to 5 MPa hydrogen and heated to
120=C for 3 hours. After cooling the stainless steel autoclave was vented and the
solids were separated by filtration. The acetic acid solution was evaporated under
vacuum to provide about 1.5 g of 2,5-dihydroxymethyltetrahydrofuran.

IH NMR (400 MHz, CDCls) § 4.10 (dq, J = 5.0, 2.9 Hz, 2H), 3.78 (dd, J = 11.8, 2.9
Hz, 2H), 3.52 (dd, J = 11.8, 5.3 Hz, 2H), 1.98-1.76 (m, 4H).
13C NMR (101 MHz, CDCl3) & 80.31, 64.95, 27.18.

2. The synthesis of tetrahydrofuran-2,5-dicarboxylic acid
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The tetrahydrofuran-2,5-dicarboxylic acid was prepared from furan-2,5-dicarboxylic
acid (FDCA) by the hydrogenation experiments. A 25 mL autoclave with a stir bar
was charged with 2.0 g of furan-2,5-dicarboxylic acid (FDCA), 0.1 g of 10% Pd/C
and 10 mL of acetic acid. The autoclave was purged 3 times with nitrogen, and 2
times with hydrogen. And then the autoclave was pressurized to 4 MPa hydrogen and
heated to 150°C for 3 hours. After cooling the autoclave was vented and the solids
were separated by filtration. The acetic acid solution was evaporated under vacuum to
provide about 1.6 g of tetrahydrofuran-2,5-dicarboxylic acid.

'H NMR (400 MHz, DMSO) & 12.66 (s, 2H), 4.61-4.38 (m, 2H), 2.31-2.11 (m, 2H),
2.08-1.85 (m, 2H).

13C NMR (101 MHz, DMSO0) § 174.10, 77.85, 29.11.




3. Photocatalytic reaction device

Typical reactions in this work were carried out in a 10 mL Schlenk tube under
370--465 nm LED light. To a 10 mL reaction tube with a stir bar was added the
substrate (0.4 mmol) and then 10 mg catalyst was added to the reaction tube.
Substrately, 1 mL MeCN was added as the solvent. The reaction mixture was stirred
for 10 h at room temperature with a 390 nm light source at 1 atm O2 pressure (O2
Balloon). The conversion and yield were detected by GC with the diphenyl as the
internal standard.

The Photo Reaction Setup (SCI-PCRS-3-455) was purchased from Anhui Kemi
machinery technology Co., Ltd.

Figure S1. The Photo Reaction Setup

4. The UV/Vis absorption spectra of other semiconductor catalysts.
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Figure S2. UV-Vis patterns of other catalysts.



5. The catalyst recycles
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Figure S3. The recyclability of catalysts after five runs. Reaction conditions: 10 mL
THFA, 100 mg catalyst, 390 nm LED, O balloon, room temperature. Yields were
determined by gas chromatography (GC) analysis using biphenyl as an internal

standard.
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Figure S4. XRD spectra of the fresh and used catalyst.
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Figure S5. The SEM of the recycled catalyst.
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Figure S6. XPS spectra.

The ray photoelectron spectroscopy (XPS) was undertaken to accurately determine the
specific bonding and structure of the catalysts before and after the reaction. In all samples, the
typical C 1s and N 1s peaks were observed. The C 1s spectra showed C-C, N-C=N, and a trace
amount of C-O bonding at 284.8, 288.3, and 286.2 eV, respectively. The weak peak of C-O
bonding, probably due to calcination in air, increased after the reaction. It may be due to the
adsorption of oxygen or reactants during the reaction. The N 1s spectra can be fitted to elucidate
four separate signals, and provides a better idea of the bonding structure, since carbon spectra are
susceptible to contamination. The N 1s core levels at 398.7, 400.1, and 401.3 eV correspond to
sp2 C-N=C, sp3 N-(C)s, and C-NHx (amino functional groups), respectively. The weak peak at
404.4¢V can be attributed to charging effects, or m excitations. The content of N element in each
species did not change much before and after the reaction.
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Figure S7. The XRD patterns of CNM, CNU and M-CNU



V1. The details for the density functional theory (DFT) calculations.

Gaussian 16 package!? were used for all DFT calculations. The B3LYP
functional®* and 6-31G*!®] basis set were employed for the geometry optimization of
the catalyst, reactants, intermediates, and products. The vibrational frequencies were
then calculated at the same level used to obtain the zero-point energy (ZPE)
corrections. For each transition state, only one imaginary frequency was found.
Whereas, no imaginary frequencies were found for all the reactants, intermediates,
and products. Afterward, the intrinsic reaction coordinate (IRC) analysis was
conducted.

4) 3D images and Cartesian coordinates of the optimized geometries for all
compounds
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C 5.32058100 -0.55969800 0.38723900
0 5.01850100 0.83245700 0.15903900
C 6.22924200 1.57731700 -0.09031500
C 7.37447700 0.66991000 0.36319800
C 6.81155800 -0.73237500 0.07183500
H 5.10779800 -0.77053400 1.44599400
H 6.28620700 1.80173500 -1.16488000
H 6.15817800 2.52187000 0.45677700
H 8.30746100 0.87545900 -0.16765600
H 7.55889000 0.79471700 1.43555400
H 6.95242300 -0.99019800 -0.98516700
H 7.27512600 -1.51612300 0.67595300
C 4.36707100 -1.37982800 -0.47582200
H 4.47487100 -2.44608800 -0.25750900
H 4.58947600 -1.20911600 -1.53756100
0 3.00428700 -1.03758600 -0.19925900
H 2.92578000 -0.07167700 -0.24762100



C -2.42615200 2.67372500 -0.06541500
C -1.43210300 0.60635200 -0.08276400
C -3.84762000 0.88043500 0.03491500
C -2.87277300 -1.34797400 0.02026100
C -0.58268300 -1.52944100 -0.08736600
C -5.13918800 -1.01007100 0.12895900
N -6.35924300 -1.54535300 0.20062900
N 0.48255100 -2.31590600 -0.11974600
N -2.27908700 4.00012300 -0.09151600
N -3.69400400 2.19827200 0.00502700
N -5.05981900 0.34290800 0.10301400
N -4.09215600 -1.87265100 0.08763400
N -2.71882200 0.04767700 -0.00525000
N -1.29392400 1.92854200 -0.11305600
N -0.36937600 -0.18358300 -0.12386600
N -1.80455800 -2.13061300 -0.02242500
H -6.46693900 -2.54933900 0.22147300
H -7.17041900 -0.94448000 0.23268100
H 1.42903600 -1.91353100 -0.16481600
H 0.34278300 -3.31612200 -0.09041600
H -1.35448800 4.40246200 -0.14377200
H -3.09387900 4.59596600 -0.05874400
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C -0.34542200 0.21228800 -0.36629400

0 0.21044400 -1.08211500 -0.08699300
C 1.60912400 -0.97537100 0.23125500



C 2.02354500 0.45138400 -0.14788800
C 0.71772400 1.22819700 0.07587600
H -0.54466400 0.28624900 -1.44559800
H 1.74660300 -1.16224000 1.30563200
H 2.14857400 -1.74864400 -0.32522600
H 2.85801700 0.82235700 0.45436000
H 2.31794800 0.49849000 -1.20238600
H 0.59398100 1.46796600 1.14051200
H 0.66232900 2.16247300 -0.49045900
C -1.68441500 0.34454000 0.36946500
H -2.00837900 1.40786200 0.30808400
H -1.56571000 0.12257600 1.44592300
0 -2.72694800 -0.34580000 -0.18367300
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C -0.54017900 -1.12416300 0.05116400
0 0.81497700 -0.94985100 -0.12319100
C 1.12825500 0.42610400 0.17376700
C -0.13512300 1.20575800 -0.20700600
C -1.26023600 0.19538300 0.13008500
H -0.92224100 -2.04510800 -0.37318300
H 1.35359400 0.51444200 1.24558100
H 2.01760600 0.69044400 -0.40233600
H -0.22398700 2.15091200 0.33588500
H -0.13007500 1.42530400 -1.27985500
H -1.66439600 0.38169900 1.13633800



H -2.10661500 0.26262200 -0.56495700
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C -0.31561600 -0.30264300 0.58816200
0 0.72890900 -1.18795000 0.33025000
C 1.84163700 -0.49283300 -0.29059100
C 1.38817700 0.96211500 -0.47753100
C 0.28371500 1.10120500 0.58461100

H 2.69846800 -0.57910500 0.38800900
H 2.08195700 -0.99941500 -1.22944900
H 2.20733000 1.67289900 -0.33942800
H 0.97011900 1.10983600 -1.47721400
H 0.70727000 1.31229000 1.57365500

H -0.46379300 1.86319300 0.35613500
H -0.83049100 -0.59307800 1.50991000
0 -2.42433900 0.30100600 -0.19424700
H -3.09243300 -0.40277800 -0.15927200
0 -1.23780800 -0.48691900 -0.51728400



M

C 0.91222600 -0.14303200 -0.37428300
0 -0.03292500 -1.19781700 -0.28358200
C -1.32665900 -0.70470500 0.11896300
C -1.15762900 0.79845800 0.39320700
C 0.05768200 1.16963500 -0.46720000
H -2.03293700 -0.89478700 -0.69922100
H -1.65685300 -1.26251600 1.00057100
H -2.04993900 1.37179300 0.12550600
H -0.93977000 0.97937700 1.45021900
H -0.21869700 1.31426000 -1.51611400
H 0.61080800 2.04280900 -0.11921400
H 1.50395800 -0.30557000 -1.29399500
0 1.76663800 -0.04812000 0.66209800

C 0.88878000 -0.00249500 -0.00291000
0 0.12734100 -1.13480400 0.04678300
C-1.27474700 -0.82216800 -0.12733400
C -1.40857600 0.67098300 0.21392100
C -0.02381200 1.20914900 -0.16392500
H -1.54371700 -1.03568900 -1.16850600
H -1.84107900 -1.48432300 0.52999300



H -2.23127800 1.14574600 -0.32652400
H -1.58823600 0.79851400 1.28643200
H 0.02611100 1.52865000 -1.21230200
H 0.33696400 2.03568000 0.45082100

0 2.09158000 -0.03037000 0.06841300
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C -0.34431800 0.21130600 -0.35394300
0 0.28269400 -1.10515000 -0.17618400
C 1.63486900 -0.94938600 0.26902100
C 2.04396700 0.46866000 -0.13676500
C 0.72903300 1.23302000 0.06956500
H -0.58074200 0.29994800 -1.42228400
H 1.69050000 -1.07761300 1.36175700
H 2.23693200 -1.73465600 -0.19960300
H 2.87219400 0.86200400 0.46097300
H 2.34124100 0.49151400 -1.19161300
H 0.60264400 1.49402500 1.12785400
H 0.65991800 2.15691600 -0.51089400
C -1.60521000 0.31555400 0.41490800
H -1.59153200 0.28757300 1.50380400
0 -2.72163700 -0.17843700 -0.21196300
H -3.46966400 -0.18595200 0.39846700
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C 0.77551300 2.40960500 -0.22000900
C 0.53033800 0.15225400 -0.32537000
C 2.70167900 1.19804900 -0.04644200
C 2.52536100 -1.24597000 -0.12172700
C 0.45084400 -2.18487900 -0.36321700
C 4.51745300 -0.16830900 0.12819200
N 5.84012300 -0.28176400 0.27429000
N -0.31453700 -3.29259600 -0.42243100
N 0.18371200 3.60970600 -0.24582700
N 2.10463000 2.38488500 -0.07476000
N 4.00863900 1.07869900 0.09558900

N 3.82424300 -1.33488500 0.02781600
N 1.90893900 0.02714400 -0.17449400
N -0.05187900 1.32644300 -0.34993100
N -0.20017000 -0.98349900 -0.44737500
N 1.76055200 -2.34155200 -0.23452900
H 6.26425400 -1.19745900 0.29869900
H 6.40748100 0.54990600 0.35044700

H -1.25764000 -3.24074100 -0.77530600
H 0.16288700 -4.18310400 -0.45705700
H -0.81475700 3.68505800 -0.36006500
H 0.75094200 4.44069200 -0.15988400
C -3.37080500 0.32569300 0.29064300



0 -4.62041900 0.29557400 0.97339200
C -5.68196800 -0.09064500 0.06733500
C -5.15026600 0.24561200 -1.32398200
C -3.65005500 -0.06014500 -1.17142100
H -2.92708500 1.31925200 0.40290100
H -5.88608900 -1.16270200 0.19041500
H -6.56935100 0.46836400 0.37402000
H -5.62697200 -0.34249900 -2.11182900
H -5.30988400 1.30568800 -1.54589700
H -3.46752100 -1.13114400 -1.32710900
H -3.01403500 0.48871600 -1.86820400
C -2.46833600 -0.66393800 1.05926100
H -1.52387100 -0.81923600 0.29118000
H -2.93925700 -1.64591500 1.19533500
0 -1.97909900 -0.12343500 2.22339600
H -1.98125500 -0.76401400 2.95002600
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C -0.34399800 0.17776700 -0.37673400
0 0.30755400 -1.10717000 -0.21434700
C 1.65100500 -0.92555100 0.25973300
C 2.02663600 0.50884100 -0.11610800
C 0.68538100 1.23388700 0.07288000
H -0.60456400 0.28548600 -1.43708400

H 1.68665500 -1.07420600 1.34947000



H 2.27564500 -1.68847200 -0.21437200
H 2.82823700 0.91689500 0.50677500
H 2.34673700 0.55699600 -1.16300800
H 0.53432500 1.48346600 1.13067600
H 0.60038200 2.15893600 -0.50369400
C -1.61216200 0.18273500 0.43206000
H -1.51692300 0.01386800 1.51052300
O -2.80786500 -0.22476800 -0.14887100
H -2.58918600 0.93645200 0.09547300
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C 0.37403400 0.11421300 0.15188600
0O -0.35031900 -1.05855500 0.45974400
C -1.59933100 -0.97737400 -0.23569400
C -2.01064100 0.50344000 -0.15105200
C -0.66391600 1.25211500 -0.18187700
H -1.46983600 -1.30353100 -1.27861100
H -2.29259000 -1.65860100 0.26135100
H -2.67846500 0.79673100 -0.96599800
H -2.52596000 0.68982900 0.79597100
H -0.44241400 1.69343700 -1.15528900
H -0.58245700 2.03438700 0.57464400
H 0.99140500 -0.10332000 -0.86259600
0O 2.55338000 -0.20487900 -0.59935300
H 3.50281500 -0.39654500 -0.76387600



0 1.40901800 0.37509000 0.87646200

Ts4
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C -0.11972100 -0.66909900 0.62518600
0 1.15394700 -1.08852200 0.18133700
C 1.80235900 0.03138600 -0.47053000
C 0.92058300 1.28261800 -0.22471500
C -0.10810200 0.81029700 0.79041000
H 2.78330000 0.12972700 0.00668500
H 1.94159900 -0.21613400 -1.52625100
H 1.50294000 2.12342300 0.16615600
H 0.47231000 1.61207900 -1.16893100
H -0.07835700 1.19745100 1.80815100
H -1.48982300 0.92812500 0.25606800
H -0.40304000 -1.27951400 1.48986400
0O -2.30409900 0.39475800 -0.36812900
H -3.03967200 0.06833800 0.18788400
0 -0.93234500 -0.96807400 -0.50592400
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VII. NMR spectrum data
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