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Figure S1. XRD patterns of MoOy-Au/TiO; catalysts (Au 0.3 wt%, Mo 1 wt%).
Reaction conditions for the “after reaction” sample: MoOx-®Au/TiO2(P-25) = 0.15 g, 1,4-anhydroerythritol =
0.5 g, 1,2-dimethoxyethane = 4 g, n-dodecane = 0.1 g, P(H2) = 8.0 MPa, T =463 K, t = 24 h.
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Mo=0, 0.1707-0.1770 nm, 14 bonds
Mo—-O(—Mo), perpendicular to Mo=0, 0.1887-0.2018 nm, 14 bonds @ wo
Mo-O(-Mo), trans to Mo=0, 0.2156-0.2259 nm, 12 bonds ‘ ©

Mo-O(=Mo), trans to Mo=0, 0.2507 and 0.2557 nm, 2 bonds [omitted in EXAFS analysis]

Figure S2. Bond types and lengths in Mo;O.4* polyoxomolybdate anion. Structure was taken from database,

ICSD 4153 for ammonium heptamolybdate tetrahydrate.
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Figure S3. XPS data of MoOx-Au/TiO,(P-25; Au 0.3 wt%, Mo 1 wt%) catalysts. (A) Before reaction, (B)
after O h reaction (heating up to reaction temperature of 463 K under 8 MPa of Hy), and (C) after 24 h
reaction. Reaction conditions: catalyst 0.15 g, 1,4-anhydroerythritol = 0.5 g, 1,2-dimethoxyethane = 4 g, n-
dodecane = 0.1 g, P(H2) =8.0 MPa, T = 463 K.

Note: The valence state of Mo species was probably changed during the XPS measurement, and thus the

spectra should be only evaluated in the relative changes (see the main text).

S4



Table S1. Dependence of catalytic performance on loading amounts of MoOx-?Au/TiO2(P-25) (detailed data

of Figure 1).
Entry Loading amount [wt%]  Conv.  Products (Selectivity [%])

Mo Au [90] 2,5-DHF 23-DHF THF 1,4-BuD  Others
1 0 0.3 0.3a >90 - - - -
2 0.1 0.3 25 93 0.9 2.3 34 0.5
3 05 0.3 53 99 0.5 0.5 0.4 0.0
4 1.0 0.3 67 96 0.3 0.8 0.7 1.8
5 15 0.3 74 90 0.4 4.8 4.2 0.5
6 2.0 0.3 72 94 0.0 2.7 11 2.0
7 2.5 0.3 75 88 0.4 7.1 39 0.8
8 3.0 0.3 79 94 0.2 2.8 1.9 0.7
9 1.0 0 2.1 86 0.0 0.0 0.0 14
10 1.0 0.01 4.5 >99 0.0 0.0 0.0 0.0
11 1.0 0.1 50 94 0.0 1.7 11 2.8
12 1.0 0.2 62 97 0.0 0.6 0.4 2.1
(4) 1.0 0.3 67 96 0.3 0.8 0.7 1.8
13 1.0 0.4 68 96 0.0 1.0 0.3 2.7
14 1.0 0.5 68 92 0.0 4.8 1.9 1.1
15 1.0 0.6 58 94 0.0 3.0 0.6 3.0

Reaction conditions: MoOx-? Au/TiO(P-25) catalyst = 0.15 g, 1,4-AHERY= 0.5 g, 1,2-dimethoxyethane = 4 g,
n-dodecane = 0.1 g, P(H;) = 8.0 MPa, T = 463 K, t = 24 h. AHERY: anhydroerythritol, BuD: butanediol, THF:
tetrahydrofuran, DHF: dihydrofuran.

a Carbon balance = 63%.
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Table S2. Dependence of catalytic performance MoOx-*Au/TiO,(P-25) on H, pressure (detailed data of Figure
2).
Entry H: pressure [MPa] Conv. [%] Products (Selectivity [%])

25-DHF 2,3-DHF THF 1,4-BuD  Others

1 0.15 22 93 1.3 0.8 0.8 4.3
2 1.45 45 93 0.6 2.1 2.1 4.1
3 2.9 59 93 0.0 4.3 1.6 11
4 4.4 65 95 0.3 1.8 0.9 1.9
5 5.8 71 96 0.3 1.8 0.0 0.9
6 8.0 67 96 0.3 0.8 0.7 1.8

Reaction conditions: MoOx-%Au/TiO(P-25; Au 0.3 wt%, Mo 1.0 wt%) = 0.15 g, 1,4-AHERY= 05 g, 1,2-
dimethoxyethane = 4 g, n-dodecane = 0.1 g, T =463 K, t = 24 h. AHERY " anhydroerythritol, BuD: butanediol,
THF: tetrahydrofuran, DHF: dihydrofuran.
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Table S3. Time course of 1,4-AHERY conversion (detailed data of Figure 3).
Entry Reaction time [h]  Conv. [%] Products (Yield [%])
2,5-DHF 23-DHF THF 1,4-BuD Others

Catalyst: MoOx-®Au/TiO,(P-25) (Figure 3a)

1 0 18 17 0.0 0.0 0.0 0.1
2 4 35 35 0.0 0.0 0.0 0.1
3 8 45 45 0.0 0.0 0.0 0.2
4 14 54 54 0.0 0.2 0.0 0.4
5 24 67 64 0.2 0.6 0.0 1.2
6 48 84 77 0.0 6.0 0.0 0.5
Catalyst: MoOx-"Pd/TiO,(P-25) (Figure 3b)

1 0 24 0.0 0.0 24 0.0 0.1
2 4 43 0.0 0.0 43 0.0 0.2
3 8 55 0.0 0.0 54 0.0 0.4
4 14 60 0.0 0.0 60 0.0 0.0
5 24 65 0.2 0.0 64 0.2 0.8
6 48 79 0.0 0.0 78 0.0 0.8

Reaction conditions: MoOx-M/TiO2(P-25; M 0.3 wt%, Mo 1.0 wt%) = 0.15 g, 1,4-AHERY= 0.5 ¢, 1,2-
dimethoxyethane = 4 g, n-dodecane = 0.1 g, P(H2) = 8.0 MPa, T =463 K, t = 24 h. AHERY: anhydroerythritol,
BuD: butanediol, THF: tetrahydrofuran, DHF: dihydrofuran.
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Table S4. Comparison of MoOx-®*Au/TiO2(P-25) with homogeneous Mo catalysts in DODH of 1,2-alkanediol

Entry Catalyst Substrate (S), Reductant T[K] t[h] Conv. Alkene TON Average Ref.
S/Mo ratio [%]  vield TOF
[%] [h-]
1 MoOy-®Au/TiO,(P-25) 1,2-PeD, 308 H: 463 24 56 53 163 6.8 This
work
2 MoO,-®Au/TiO,(P-25) 1,2-PrD, 422 H: 463 24 45 44 184 7.7 This
work
3 Mo(CO)4(bipy) 1,2-Cl4diol, substrate 468- 1 100 40 8 8 S1
20 493
4 MoO.Cl2(bipy) 1,2-HexD, 200 substrate 468- 16 nd. 19 38 2 S1
493
5 (NH4)sM07024 1,2-HexD, 20 iPrOH 515 133 nd. 46 7.2 0.7 S2
6 (NH1)sM07024 1,2-DeD, 19  PPhs 473 24 100 42 8 0.3 S3
7 MoOz(acac): 1,2-HexD, 10 PPhs 473 2 21 15 1.5 0.8 S4
8 MoO;(acac), + dione  1,2-HexD, 10 PPh;s 473 2 n.d. 93 9.3 47 S4
ligand (4 eq. to alkene)
9 (NH4)6M07024 1,2-OcD,20 Na;SO; 463 24 nd. 13 2.6 0.1 S5
10 Mo ONO pincer 1,2-OcD, 10  PPhs 423 48 nd. 59 59 0.1 S6
complex
11 Mo aminobisphenolate 1,2-DeD, 10  PPhs 443 24 nd. 5 0.5 <0.01 S7
complex
12 [Cp*Mo0Oy]. 1,2-OcD, 25 PPh; 463 15 62 24 6 0.4 S8

PrD = propanediol; PeD = pentanediol; HexD = hexanediol; OcD = octanediol; DeD = decanediol; Cl4diol =
tetradecanediol; n.d. =no data. TON = (formation amount of alkene (mol))/(Mo amount (mol)). Average

TOF = TON/(reaction time (h)).
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Table S5. Reuse tests of MoO«-%Au/TiO,(P-25) (detailed data of Figure 4) and effect of high-temperature

calcination.

Number Treatment before use Conv. Products (Selectivity [%])

of uses [%] 2,5-DHF 2,3-DHF THF 1,4-BuD Others
1 (Fresh) 67 96 0.3 0.8 0.7 1.8
2 Regenerated 67 94 0.0 1.9 25 2.1
2 Only washing 42 98 0.0 1.2 0.0 0.6
3 Regenerated 67 94 0.0 3.0 14 14
3 Only washing 35 99 0.0 0.0 0.0 0.8
4 Regenerated 65 90 0.0 1.8 6.9 19
4 Only washing 35 97 0.0 0.6 0.0 2.5
22 Regenerated at 673 K 53 82 0.0 9.9 5.8 2.1
1 Fresh, calcined at 673 K 67° 54 0.0 13 19 13
before use

Reaction conditions: MoOx-%Au/TiO2(P-25; Au 0.3 wt%, Mo 1.0 wt%) = 0.15 g, 1,4-AHERY = 0.5 g, 1,2-
DME = 4 g, n-dodecane = 0.1 g, P(H2) = 8.0 MPa, T = 463 K, t = 24 h. AHERY: anhydroerythritol, BuD:
butanediol, THF: tetrahydrofuran, DHF: dihydrofuran. DME: dimethoxyethane. Catalysts with “Only washing”
were reused after washing 1,2-DME and drying at 383 K for 12 h. “Regenerated” catalysts were reused after
washing with 1,2-DME and calcination at 573 K (* 673 K) for 3 h. ® Carbon balance = 87%.
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Table S6. ICP-OES measurement of the reaction liquid of MoO,-*Au/TiO. after each reuse cycle in the
conversion of 1,4-AHERY.

Reuse times Element (X) Loss of X [%]
0 (Fresh) Au 0.15
Mo 0.67
Ti 0.00
1 Au 0.19
Mo 0.62
Ti 0.00
2 Au 0.16
Mo 0.67
Ti 0.00
3 Au 0.14
Mo 0.62
Ti 0.00

Reaction conditions: MoOx-*Au/TiO,(P-25; Au 0.3 wt%, Mo 1 wt%) = 0.15 g, 1,4-AHERY= 0.5 g, 1,2-
dimethoxyethane = 4 g, n-dodecane = 0.1 g, P(H2) = 8.0 MPa, T =463 K, t = 24 h, AHERY : anhydroerythritol.
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Table S7. Comparison of different heterogeneous catalysts and Mo-based catalysts in DODH of 1,4-
anhydroerythritol (1,4-AHERY)

Entry Catalyst T t P(H2) Conv. Products (Selectivity [%]) TON
[K] [h] [MPa] [%] 25- 23- THF 14- Others
DHF DHF BuD
18 MoOy-®AuU/TiO,(P-25) 463 24 8 67 96 03 08 07 2 197
28 MoO,-"mPAU/TIO,(P-25) 463 24 8 51 96 00 20 1.1 1.3 151
3 MoO,/TiO,(P-25) 463 24 8 20 93 00 00 00 74 6
4% MoO,/TiOo(Anatase) 473 18 -(3- 94 59 N N S04 11
octanol)
5? MoO,-"PPd/TiO,(P-25) 463 24 8 65 04 00 98 0.0 1.0 192
6510 MoO,-"PPd/CeO 413 4 8 06 0 0 26 0 74 0.2
7 ReOx-%AU/TIOo(P-25) 463 24 8 29 1.8 00 51 36 11 153
8is1e ReO,-™Pd/TiO,(P-25) 413 4 8 2 0 0 77 0 23 5
9iSHle  ReO4-MPPd/Ce0, 413 4 8 51.0 0.0 0.0 >999 0.0 0.0 152
1055121 ReOx-"PAu/CeO; 413 24 8 93 86 9 3 0 3 269
d
1155k ReOL-®Au/CeO, 413 24 8 64 89 6 1 0 4 183
125M1f ReQ,/C 473 2 04 735 344(25-and 0.1 04 65.1 9
2,3)
13658 ReO«/CeO, + ReOy/C 413 24 8 97 0 0 7 86 7 134
g
Homogeneous Mo catalysts
14511 Bjs(phenolato) Mo 473 18 -(3- 81 70 N N -l 30 11
h complex octanol)
15054 MoO,(acac), + dione 473 18 - (2- - 72 - - - - 14
ligand octanol) (yield)

AHERY: anhydroerythritol, DME: dimethoxyethane, DHF: dihydrofuran, BuD: butanediol. TON: turnover number
calculated by (produced DHF + THF + 1,4-BuD [mol])/(total Mo or Re [mol]).

& M’Ox-Au/TiO2(P-25; Au 0.3 Wt%, M’(Mo or Re) 1 wt%), MoOx-"PPd/TiO2(P-25; Pd 0.3 wt%, Mo 1 wt%) or
MoOx/TiO2(P-25; Mo 1 wt%) =0.15¢, 1,4-AHERY=0.5¢, 1,2-DME =4 g, dodecane = 0.1 g.

® MoO,/TiOz(Anatase; Mo 5 wt%) = 0.038 g, 1,4-AHERY= 0.042 g, 3-octanol= 0.52 g, Ar atmosphere, catalyst was pre-
reduced in a hydrogen atmosphere at 573 K for 3 h.

¢ M’ Oy-"™PPd/support (M’ 2 wt%, Pd 0.3 wt% (M’ = Re) or 0.5 wt% (M’ = Mo)) =0.15 g, 1,4-AHERY = 0.5 g, 1,4-dioxane
=40g.

4 ReOx-%Au/CeO; (Au 0.3 wt%, Re 1 wt%) = 0.3 g, 1,4-AHERY = 0.5 g, 1,4-dioxane = 4.0 g, dodecane = 0.1 g.

¢ ReOx-PAu/CeO, (Au 0.3 wit%, Re 1 wt%) = 0.15 g, 1,4-AHERY = 0.5 g, 1,4-dioxane = 4.0 g.
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fReO./Calgon C (Re 5 wt%) = 0.1 g, 1,4-AHERY = 0.1 g, no solvent.

9 ReOx/Ce0: (Re 1 wt%) = 0.15 g, ReOx/BP2000 carbon (Re 3 wt%) = 0.15 g, 1,4-AHERY =0.5 g, 1,4-dioxane =4 g.

P Di(ox0){1,5-dithiapentanediyl-2,20-bis(4,6-di-t-butylphenolato) }molybdenum = 0.01 mmol, 1,4-AHERY = 0.2 mmol
(0.021 g), 3-octanol = 0.52 g.

 MoOz(acac), = 0.025 mmol, 2,2,6,6-tetramethylheptane-3,5-dione = 0.25 mmol, 1,4-AHERY = 0.5 mmol (0.052 g), 2-
octanol = 2 mL, N, atmosphere.

I Tncluded in “Others”.
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