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1.1 Pictures of catalyst and reactor setup

Figure S1. Picture of the blue Cu-doped HTC (left) and the corresponding green Cu-PMO (right).

The Swagelok™ reactors were made of stainless steel and had an internal volume of about 10 mL
(Figure S2). They were mounted in a preheated aluminum block for a specified time and
subsequently removed and placed in an ice bath. When cooled they were mounted in a clamp before
carefully opening with an adjustable wrench.
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Figure S2. Picture of the Swagelok ™ stainless steel reactor. An American quarter is placed in the
bottom of the picture to allow visual scale comparison.
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1.2 Typical GC-FID elution profile
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Figure S3. Typical GC-FID elution profile of a reaction mixture. Conditions of the shown
experiment: 300 °C, 2 h, 100 mg Cu-PMO and 100 mg HMF in 3 mL MeOH.

1.3 IR spectroscopy measurements

The main absorptions of the Cu-doped HTC are; 3500 cm™ which is attributed to the OH stretch in
the lattice. The shoulder occurring around 3000 cm™ is generally assigned to OH stretch in H,O.
The absorbance at 1360 cm™ is assigned to COs> and the shoulder at 1600 cm™ is corresponding to
OH bent in H,O (Figure S4).'
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Figure S4. FT-IR spectrum of the Cu-doped HTC.

The corresponding Cu-PMO compound is characterized by the absence of the strong absorbance at
3500 and 1370 cm™ caused by the collapse of the HTC structure and absence of CO,. Instead

relatively weak absorbances are observed (Figure S5).
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Figure SS5. FT-IR spectrum of the Cu-PMO.
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1.4 Intermediates identified by GC-MS and proposed reaction pathway

Besides the three main products of the reaction, several reaction intermediates were identified based
on GS-MS which was correlated with possible intermediates from HMF to DMF and DMTHF.
Three intermediates that were consistently observed had molar masses of 140 g/mol, 126 g/mol and
112 g/mol. These could correspond to; methylether of HMF, methylfurfuryl alcohol and the
methylfurfuryl alcohol methylether, respectively. These products are plausible reduction products

along the reaction pathway from HMF to DMF and DMTHF (Scheme S1).
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Scheme S1. Proposed reaction pathway from HMF to DMF and DMTHF at 300 °C based on the
identification of intermediates by GC-MS.

1.5. Identification of all components by GC-MS using standard libraries

Table S1. GC-MS data and identification of individual components

Sample: 100 mg HMF, 100 mg Cu-PMO, 300 °C, 45 minutes

Peak

retention time
5.49

6.64

7.07

7.29

7.4

7.61

8.03

8.7

=
e

0NN N AW~

base peak mass peak library match

45 n.v. 2-pentanol

42 n.v. 1-pentanol

43 100 2-hexanone

45 101 2-hexanol

43 115 5-Methyl-2-THFmethanol (cis or trans)
43 115 5-Methyl-2-THFmethanol (cis or trans)
57 100 methyl-cyclopentanol

56 n.v. 1-hexanol
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9 9.5 71 n.v. THF-methanol

10 9.63 45 n.v. methyl-hexanol (or isomer)

11 9.73 71 n.v. THF-methanol (or isomer)

12 10.06 85 112 5-methy-2-furanmethanol methyl ether
13 10.28 95 126 methyl-furoate (or regioisomer)
14 10.42 85 126 tetrahydropyrane methanol

15 10.8 95 126 methyl-furoate (or regioisomer)
16 10.88 85 n.v. 5-methyl-THF methanol

17 10.97 95 112 5-methyl-2-furanmethanol

18 11.53 95 112 furan derivative

19 11.77 59 n.v. n.i.

20 11.83 59 110 3-methoxy-1 butanol

21 11.88 95 126 furan derivative

22 11.95 45 n.v. 2,5-hexanediol

23 12.14 85 126 n.i.

24 12.2 69 n.v. 2,3 dimethyl-pentanol

25 12.42 69 125 n.i.

26 12.53 69 n.v. 1,2-hexanediol

27 12.61 95 126 furan derivative

28 12.63 45 n.v. 1,5-hexanediol

29 12.69 85 n.v. 2,3-dimethyl-1-pentanol

30 12.77 109 140 (methyl)-methylfuranoate

31 12.94 109 140 (methyl)-methylfuranoate

32 13.03 109 140 furan derivative

33 13.66 111 142 I-methoxymethyl-furanemethanol
34 13.73 74 n.v. valeric acid derivative

35 13.87 57 n.v. long chain alcohol

36 14 83 n.v. n.i.

37 14.24 57 170 dodecane

38 14.32 111 142 furan derivative

39 14.51 57 n.v. THF derivative

40 14.7 43 141 long chain alcohol branched

41 15.33 43 n.v. long chain alcohol branched

42 16.34 85 n.v. THF derivative

43 16.62 109 n.v. furan derivative

44 17.73 95 n.v. furan derivative

45 19.59 95 n.v. furan derivative

All components in the sample are listed, except main products DMF and DMTHF which eluted
below 5 minutes on the available column. The results are not quantitative.

Library: the matches in the table are identified according to the NIST08 standard library taking into
account best quality match.
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1.6. Reactions at lower reaction temperature and intermediates

Table S2. GC-FID data on reactions at milder reaction temperatures

t T

) (0
1075 240
2 15 240
3 3240
4 4 240
5 3260
6 3270
7 2270

Scheme S6. Reaction intermediates identified by GC-MS.

GC-MS measurements were made on a Shimadzu GCMS-QP2010S equipped with a Shimadzu DB-
Sms column (30 m, 0.25 mmlID, 0.25 um). The carrier gas was helium with a total flow of 14

1
(%)

2.99
min
24.9
33.2
43.7
42.4
50.6
42.5
50.1

2 142
%) (%)

2.903
+3.05
min
0.00 249
0.00 332
0.00 437
1.93 444
10.05  60.6
1596 584
12.05 622

4a + 4b

3 4a
(%)
642 721
min min
0 2.8
0 4.1
0 5.9
0 5.4
1.3 1.9
10.5 0.3
35 0.6
to);
2
o O—
W,
5

4b
(%)

7.68
min
2.0
2.7
4.0
3.8
1.4
0.6
0.4

5
(%)

10.07
min

3.9
7.6
13.1
13.9
13.5
59
10.6

6
(%)

10.51
min

22.9
20.8
6.4
34
1.2
29
1.7

7
(%)

12.31
min

1.8
43
6.1
5.7
4.0

0
1.8

OH

HMF
Conv
(%)

97.4
97.1
99.7
99.9
>99.9
99.6
99.1

Tot

(%)

58.2
72.7
79.2
76.7
84.1
78.7
80.9

Yield
1

20.8
26.4
41.4
38.7
48.0
38.9
45.7

ml/min, column pressure was 49.7 kPa. Linear velocity was 36.1 cm/sec and split ratio kept at 10.

The temperature program for analysis was: 40 °C kept for 6 min, 15 °C/min to 60 °C kept for 2 min,
20 °C/min to 150 °C and for 2 minutes and finally heated at 25 °C/min to 260 °C and kept for 5

min.

Library: the matches in the table are identified according to the NISTOS standard library taking into

account best quality match.
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1.7. DMF and DMTHF as substrates

DMF and DMTHF were utilized as substrates in the reaction to investigate which one converted to
2-hexanol. DMF (85 puL, 0.8 mmol) was dissolved in MeOH (3 mL), the Cu-PMO (100 mg) catalyst
was added and the reactor closed and heated for 5 h. Similarly, DMTHF (96 pL, 0.8 mmol) was
dissolved in MeOH (3 mL), the Cu-PMO (100 mg) catalyst was added and the reactor closed and
heated to 300 °C for 5 h (Table S3).

Table S3. Results of utilizing DMF and DMTHEF as substrates.

Substrate DMF yield DMTHEF yield 2-Hexanol yield Total yield (%)
(%) (%) (%)

DMF 39 23 8 70

DMTHF 0 80 <1 81

The experiments resulted in 61% DMF conversion which was mainly into DMTHF (23%) and 2-
hexanol (8%) after 5 h at 300 °C. The corresponding experiment with DMTHF surprisingly only
showed 20% DMTHF conversion of which <1% was converted into 2-hexanol. Based on these
findings we propose that 2-hexanol mainly originated from DMF rather than DMTHEF.

1.8. Volatility experiments

In order to confirm that no higher boiling side products were produced from the reduction of HMF,
a reaction mixture after 2 h reduction at 300 °C with HMF (100 mg) and Cu-PMO (100 mg) was
subjected to reduced pressure over a prolonged period of time at 80 °C. For comparison an
experiment with a PMO that did not contain any Cu was conducted under otherwise similar reaction
conditions (Table S4).

Table S4. Results of volatility experiments

Catalyst Residual weight in the flask (mg)
Cu-PMO 1.6
Mg:Al PMO without Cu 55.5

Clearly, as Table S4 indicates, there was a correlation between the volatility of the products and the
presence/absence of Cu. This was also observed visually as the reaction with the Cu-PMO resulted
in a colorless solution whereas the reaction with Mg:Al PMO resulted in a yellow reaction solution
which turned to a brownish tar-like compound upon removal of the solvent.
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1.9. NMR measurements — elucidating the cis-DMTHF:trans-DMTHF ratio

According to the GC measurements there were a distinct difference in the formed amount of cis-
DMTHF and frans-DMTHF products in most experiments. 1D and 2D "H NMR experiments were
conducted on a sample containing a few drops of reaction mixture in CDCl;. These data were
compared with previous studies” on the DMTHF isomers and showed that cis-DMTHF was favored
over trans-DMTHF (Figures S6-S8).
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Figure S6. 2D COSY NMR of the product mixture.
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Figure S7. Down field '"H NMR of the product mixture.
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Figure S8. Up field '"H NMR of the product mixture.

1.10. Pictures of reaction mixture

Figure S9. Picture of reaction mixtures: Control experiment with Mg:Al PMO (left). Reduction of
HMF as function of time with the Cu-PMO at 300 °C after 15 min (2™ from left), 30 min (middle),
45 min (2™ from right) and 2 h (right).
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Figure S10.
Pictures of crude HMF (0.5 g) in MeOH (3 mL) (left) and the reaction mixture after 5 h at 300 °C
with the Cu-PMO (right).

1.11. Catalyst recycling

A typical catalytic run was conducted with 100 mg Cu-PMO, and 100 mg HMF using 3 mL
methanol. After the first run, the reaction was stopped, and the content of the reactor was
transferred to a centrifuge tube using 10 mL methanol in total. The liquid phase was decanted,
analyzed by GC-FID, and the catalyst was additionally washed 2 times with 5 mL methanol. After
centrifugation, the methanol filtrate was discarded and the solid was dried in a desiccator in vacuo.
The dry, purple solid was used in the next experiment. This procedure was repeated 4 more times.

Table S5. Results of recycling experiments

Total yield HMF
(DMF+DMTHF) conversion
(%) (%)
cycle 1 51.5 100
cycle 2 36.8 100
cycle 3 32.8 100
cycle 4 31.7 91
cycle 5 25.5 85

*Note: total yield of DMF and DMTHEF is given based on total area percentages of these peaks. GC
conditions changed compared to the original experiments.
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Figure S11: Recycling experiment at 300°C using 100 mg Cu-PMO and 100 mg HMF.

f_F. Cavani, F. Trifiro, A. Vaccari, Cat. Today 1991, 11, 173-301.
" M. L. Mihailovi¢, R. I. Mamuzié, L. Zigi¢-Mamuzi¢, J. Bodnjak, Z. Cekovi¢, Tetrahedron 1967, 23, 215-226

S12




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


