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Fig. S1 GC graph of the gaseous sample after the reaction of CO, and H,.
Reaction condition: 20 pmol [RuCly(CO);], (based on the metal), 20 pumol triphos, 2.2 mmol Lil,
2 mL DMI, 3 MPa CO, and 5 MPa H, (at room temperature), 190 °C,10h.
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Fig. S2 Anisole decomposition and phenol generation during the reaction. Reaction conditions: 20
umol [RuCl,(CO)3], and 60 umol Co,(CO)g (based on the metal), 20 umol triphos, 2.2 mmol Lil,
2 mL DM, 3.6 mmol anisole, 3 MPa CO, and 5 MPa H, (at room temperature), 190 °C.
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Fig. S3 The GC-MS result of the reaction of entry 1 of Table 1. Reaction condition: 20 umol

[RUCl,(CO)3]; and 60 pmol Co,(CO)g (based on the metal), 20 umol triphos, 2.2 mmol Lil, 2 mL
DMI, 3.6 mmol anisole, 3 MPa CO, and 5 MPa H, (at room temperature), 190 °C, 10 h.
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S4 The GC-MS result of the reaction using 3 mmol phenol instead of 3.6mmol anisole.
Reaction condition: 20 pmol [RuCl,(CO)3]; and 60 pmol Coy(CO)g (based on the metal), 20 pmol
triphos, 2.2 mmol Lil, 2 mL DMI, 3 mmol phenol, 3 MPa CO, and 5 MPa H, (at room
temperature), 190 °C, 10 h.
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Fig. S5 GC graph of the liquid sample after the reaction of anisole and L.il.
Reaction condition: 2.2 mmol Lil, 2 mL DMI, 3.6 mmol anisole, 3 MPa CO,and 5 MPa H, (at
room temperature), 190 °C, 10 h.
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Fig. S6 GC graph of the liquid sample after the reaction of CHzl, CO and H,. Reaction condition:
20 pmol [RuCl,(CO)s], and 60 pmol Co,(CO)g (based on the metal), 20 umol triphos, 2.2 mmol
Lil, 2 mL DMI, 10 uL CHsl, 0.8 MPa CO and 5 MPa H, (at room temperature), 190 °C,10 h.
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Fig. S7 The GC-MS result of the reaction using 13C02 instead of CO,. Reaction condition: 20
umol [RuCl,(CO)s], and 60 pmol Coy(CO)g (based on the metal), 20 pmol triphos, 2.2 mmol Lil,
2 mL DMI, 3.6 mmol anisole, 2 MPa **CO, and 5 MPa H, (at room temperature), 190 °C,10 h.
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Fig. S8 GC graph of the gaseous sample after the reaction of CHsl and H,.
Reaction condition: 20 pmol [RuCl,(CO)s3], and 60 pmol Coy(CO)g(based on the metal), 20 pmol
triphos, 2.2 mmol Lil, 2 mL DMI, 40 uL CHjsl, 5 MPa H, (at room temperature), 190 °C, 10 h.
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Fig. S9 GC graph of the gaseous sample after the reaction of CO and Hs.
Reaction condition: 20 pmol [RuCl,(CO)3], and 60 pmol Coy(CO)g (based on the metal), 20 pmol
triphos, 2.2 mmol Lil, 2 mL DMI, 0.8 MPa CO and 5 MPa H, (at room temperature), 190 °C,10 h.

12/ 46



(@) Total ions chromatograph

3
1
AirL 2'
s ) WY
I I I I I I I I I I I I
1.2 1.6 20 24 2.8 3.2 36 4.0 4.4 4.8 52 56
(b) deuterated ethanol
100+ 34
30
33
50
50
32
29 49
a = ﬂaczoﬁo
i «. 1 T111]
o 1] [ | |35 a7 | ‘ . | B3

2‘0 25 30 3‘5 40 4‘5 5I0 |_| 5‘5 EICT

(Text File)
(c) standard ethanol
10 3
45 / OH
50 /
48
27 o9 43 l
o,.,..||l|l|3.2..,. N N K.
20 25 30 5 45 50 55 60

(replib) Ethanol

13/46



(d) deuterated propanol
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Fig. S10 The GC-MS result of the reaction using D, instead of H,: (a) total ions chromatograph,
(b) deuterated ethanol and (c) standard ethanol, (d) deuterated propanol and (e) standard propanol,
(f) unreacted anisole and (g) standard anisole. Reaction condition: 20 umol [RuCl,(CO);], and 60
umol Co,(CO)g (based on the metal), 20 umol triphos, 2.2 mmol Lil, 2 mL DMI, 3.6 mmol anisole,
3 MPa CO, and 5 MPa D, (at room temperature), 190 °C, 10 h.
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Notes:

Fig. S10b: One ethanol molecule could contain at most 6 D atoms, which suggests that the H
atoms on the methyl group detached from the anisole substrate could be totally substituted by the
D atoms.

Fig. S10d: One propanol molecule could contain at most 8 D atoms, which suggests that the H
atoms on the methyl group detached from the anisole substrate could also be totally substituted by
the D atoms.

Fig. S10f: No D atom entered the anisole molecule during the reaction. This indicates that the
unreacted anisole did not experience H-D exchange.
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Fig. S11 The HR-ESI-MS (-) spectra of the reaction solution at condition of entry 1 of Table 1.

Notes: The HR-ESI-MS spectra revealed that the carbonyls of the Ru precursor were mainly
retained in the catalyst after reaction. The Co catalyst after reaction could not be observed by
HR-ESI-MS analysis, while in the literature cobalt complex with multi carbonyls were usually the
active center at similar conditions’.
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Fig. S12 The GC-MS spectra of the solution after the reaction in entry 1 of Table 2.

Note: To protect the detector of the MS, the solvent DMI (retention time 8.5min-9.5min) was cut

during the analysis.
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Fig. S13 The GC-MS spectra of the solution after the reaction in entry 2 of Table 2.
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Fig. S14 The GC-MS spectra of the solution after the reaction in entry 3 of Table 2.

Note: White powder was observed after the reaction because of the limited solubility of
hydroquinone in DMI.
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Fig. S15 The GC-MS spectra of the solution after the reaction in entry 4 of Table 2.

Note: White powder was observed after the reaction because of the limited solubility of
hydroquinone in DMI.
24 /46



Target 1

100

A A A e
=
o

7
|‘\
[ D E LN R at R e R e ] P ) P ] P D R i R R A e Lo R S|
0 10 20 30 40 50 60 70 80 920 100 110 120 130 140 150 160
Hit#:1 Entry:47 Library:NIST14s.1ib

SI:97 Formula:C2H60 CAS:64-17-5 MolWeight:46 RetIndex:463

CompName:Ethanol $$ Ethyl alcohol $$ Alcohol $$ Alcohol anhydrous $$ Algrain $$ Anhydrol $$ Denatured ethanol $$ Ethyl hydrate $$ Ethyl hyd
100

] EN

] 45

) 27

1 S |

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Target 2
10()_ Nl

q 27 42 59

1 20 |||, L Ly

0 10 20 30 40 50 60 70 80 920 100 110 120 130 140 150 160

Hit#:1 Entry:144 Library:NIST08.LIB

SI:95 Formula:C3H8O CAS:71-23-8 MolWeight:60 RetIndex:562

CompName: 1-Propanol $$ Propyl alcohol $$ n-Propan-1-ol $$ n-Propanol $$ n-Propyl alcohol $$ Ethylcarbinol $$ Optal $$ Osmosol extra $$ Propai
100 5

T

42 59
. I||\ ‘
TR T T T T T T T T T T T T I e

0 10 20 30 40 50 60 70 80 920 100 110 120 130 140 150 160

27
Al

25/46



Target 3

100 -

107

39 65

27
|‘.‘.‘....|w."..l.‘.‘.‘1..,.”.‘.‘:!,..‘.".HII.'!‘..‘.W.:!W‘HH‘. ‘ :
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Hit#:1 Entry:4246 Library:NIST08s.LIB
SI:97 Formula:C8HI100 CAS:104-93-8 MolWeight:122 RetIndex:983
CompName:Benzene, 1-methoxy-4-methyl- $$ Anisole. p-methyl- $$ p-Cresol methyl ether $$ p-Methoxytoluene $$ p-Methylanisole $$ p-Tolyl metl

10(}7 172
] 77 /J\
7 107
] 91 Y
4 39 o]
E 27 63 /
\ | | TN \ ‘ ‘ \
preveses et et B i b B b e
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Target 4
100 TEF]
44
28 56
2* ‘ ‘| 72 85
24.‘ H \‘ L H‘ || ?ug L |
T T T T B2 | 1 T T lecsseg] | T T 1 T T | T T 1 T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Hit#:1 Entry:3943 Library:NIST08.LIB
SI:94 Formula:C5HION20O CAS:80-73-9 MolWeight:114 RetIndex:1033
CompName:2-Imidazolidinone, 1.3-dimethyl- $$ Dimethylethyleneurea $8 N.N'-Dimethyl-2-imidazolidinone $$ N.N'-Dimethylethyleneurea $$ Rhon

100 T4
i 0
] i Py
1 E '\\N N/
] 28 \
T T N -~
14 i ik il | o Al
B L L e ey L R L R L e B L A L L M LA L) Ry LR A Ay LA AN LA AR AL A
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Target 5
100_ 07
1 51 90
1 ) .‘|| i ly
— ‘..‘.‘.m“‘.,,‘.‘.‘..H‘.‘.‘.,ml‘. e ‘.‘.‘ e pe e e e e
0 10 20 30 50 6 70 90 100 110 120 130 140 150 160

Hit#:1 Entry:2875 Library:NIST14. 11b
SI:96 Formula:C7TH8O CAS:106-44-5 MolWeight:108 RetIndex:1014
CompName:p-Cresol $$ Phenol. 4-methyl- $$ p-Hydroxytoluene $$ p-Kresol $$ p-Methylhydroxybenzene $$ p-Methylphenol $$ p-Oxytoluene $$ p-

100+ 7
71 71
] N Non
] 27 39 63 | 90
E ; L‘ H 1] A |
L S —
0 10 20 30 40 50 60 70 R0 90 100 110 120 130 140 150 160

Fig. S16 The GC-MS spectra of the solution after the reaction in entry 5 of Table 2.
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Fig. S17 The GC-MS spectra of the solution after the reaction in entry 6 of Table 2.
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Fig. S18 The GC-MS spectra of the solution after the reaction in entry 7 of Table 2.

30

/46




. 3
Air|l 2

Target 1

100

3

PR S T S
=
o

27
\||‘|
LS LR s Ak Ramd o) T T [ e e e T e [ e e L T T e e
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190
Hit#:1 Entry:47 Library:NIST14s.1ib
SI:97 Formula:C2H60 CAS:64-17-5 MolWeight:46 RetIndex:463
CompName:Ethanol $3 Ethyl alcohol $$ Alcohol $$ Alcohol anhydrous $$ Algrain $$ Anhydrol $$ Denatured ethanol $$ Ethyl hydrate $$ Ethyl hyds
100

k!

——OH
27 45|
s

20 30 40 50 60 70 80 9 100 110 120 130 140 150 160 170 180 190

e | Al A

13, |
[ REAA LS LLARAALL) LR LA L o

Target 2

100

1 27‘ 42 59
|‘H ; \\‘.

T T [LAARRAREALARANRARLY} LAAAE LARE LALAI LARN IAAAANRARRARAARNRARLY} T T T I T LAARRRRRE) LALLM LaAN) LAARANRERRR LA RAARE]

I lIO ZIO jb 4‘0 SID 6|0 7|0 8‘0 9‘0 l(I)O liO 150 ]iO 1)1() 15|0 léO l'lf() léO ]é() I
Hit#:1 Entry:145 Library:NIST14.1ib
SI:96 Formula:C3H80 CAS:71-23-8 MolWeight:60 RetIndex:562
CompName: 1-Propanol $$ Propyl alcohol $$ n-Propan-1-ol $$ n-Propanol $$ n-Propyl alcohol $$ Ethylcarbinol $$ Optal $$ Osmosol extra $$ Propai
100 o

T

P

T T T T T T T T
0 10 20 30 40 50 60 70 80 9 100 110 120 130 140 150 160 170 180 190

31/46



Target 3

100

121 164

= 01 109
27 I-ﬁl 511 .6\5 7u | ‘ 4 | 4
| Eii? Sl RS RAEES WLRER SAULY LAbi? il Kt s AR Rl Shnky flichi ARl ARkl Tkl ESeE Lot § il DEiid Bhuill bt AR SRbhF ALl LiLAL REGh BREA] PR A0S Lbd LiLLld TaE ) SEALE ShEh ERLES J2080 ALY SLbi b2 id SELL |
0 10 20 30 40 50 60 70 80 9 100 110 120 130 140 150 160 170 180 190
Hit#:1 Entry:23341 Library:NIST14.lib
SI:93 Formula:C11H160 CAS:5396-38-3 MolWeight:164 RetIndex:1196
CompName:Benzene, 1-(1,1-dimethylethyl)-4-methoxy- $$ Anisole, p-tert-butyl- $$ p-tert-Butylanisole $$ p-Methoxy-tert-butylbenzene $$ 4-tert-Bu

100+ s
i > o 121 164 :
1 27 2 5l 63 n i | e i &
L T L L e L T T s T SRRl N s

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190

Target 4

100

150
41 7 95
27 | 51 65 i L] 119 |

Lot Frirt wh i I 1 '
e et e e e et e e e e e e e

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190
Hit#:1 Entry:14838 Library:NIST147.LIB
SI.96 Formula:C10H140 CAS:98-54-4 MolWeight:150 RetIndex:0
CompName:Phenol. p-tert-butyl- $$ Phenol. 4-(1.1-dimethylethyl)- $$ p-tert-Butylphenol $$ Butylphen $$ 4-tert-Butylphenol $$ 4-t-Butylphenol $$ <
100 T

107

41 95
3 5 77 OF
[ i I, L] 1 | .

VRS T ST (e e T
—
S
]

T R i T T T
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190

Fig. S19 The GC-MS spectra of the solution after the reaction in entry 8 of Table 2.
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Fig. S20 The GC-MS spectra of the solution after the reaction in entry 9 of Table 2.
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Fig. S21 The GC-MS spectra of the solution after the reaction in entry 10 of Table 2.
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Fig. S22 The GC-MS spectra of the solution after the reaction in entry 11 of Table 2.
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Fig. S23 The GC-MS spectra of the solution after the reaction in entry 12 of Table 2.
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Fig. S24 The GC-MS spectra of the solution after the reaction in entry 13 of Table 2.
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Fig. S25 The GC-MS spectra of the solution after the reaction in entry 14 of Table 2.
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Table S1 Effect of reaction parameters on the reaction.’

Ru Co Lil Triphos
Entry (umol)  (umol) (mmol) (MIFI)IOI) O H, TON
1 10 30 2.2 20 3 5 63
2 20 60 2.2 20 3 5 73
3 30 90 2.2 20 3 5 48
4 10 70 2.2 20 3 5 65
5 30 50 2.2 20 3 5 46
6 50 30 2.2 20 3 5 11
7 20 60 11 20 3 5 33
8 20 60 3.3 20 3 5 60
9 20 60 2.2 10 3 5 59
10 20 60 2.2 30 3 5 62
11° 20 60 2.2 20 3 5 1
12 20 60 2.2 20 0 5 0
13 20 60 2.2 20 3 0 0
14 20 60 2.2 20 0.75 1.25 9
15 20 60 2.2 20 15 2.5 43
16 20 60 2.2 20 2.25 3.75 53
17 20 60 2.2 20 3.75 6.25 74
18 20 60 2.2 20 1 7 63
19 20 60 2.2 20 2 6 69
20 20 60 2.2 20 4 4 69
21 20 60 2.2 20 5 3 61
22 20 60 2.2 20 6 2 40
23° 20 60 2.2 20 1 5 68

®Reaction conditions: [RuCl,(CO)3],/Co,(CO)s were used as the catalyst and their dosages were
based on the metal, 2 mL DMI, 3.6 mmol anisole, 190 °C, 10 h. ®No anisole was added before the
reaction. °0.8MPa CO was used instead of 3MPa CO.,.

Note: At fixed Ru/Co ratio of 1/3, the reaction rate initially increased and then dropped with
elevating catalyst dosages, and the highest TON was obtained at 20 pmol Ru and 60 umol Co
(entries 1-3). When the total Ru-Co dosage was fixed at 80 umol, the suitable Ru/Co ratio was 1/3
(entries 2, 4-6). After testing the catalytic rate at different Lil dosages, we found that 2.2 mmol
was appropriate (entries 2, 7, 8). The impact of triphos dosge was also studied and the suitable
dosage was 20 pmol (entries 2, 9, 10). The anisole, CO, and H, were all essential to the reaction,
because ethanol could hardly be observed without anyone of them (entries 11-13). With the rising
gas pressure, the TON of ethanol increased remarkably, while the increase became minor when
the pressure was high enough (entries 2, 14-17). We fixed the total pressure at 8 MPa and changed
the CO,/H; ratio, and found that 3 MPa CO, and 5 MPa H, were fit for the reaction (entries 2,
18-22). In short, the optimized reaction conditions were 20 umol Ru and 60 umol Co catalysts, 2.2
mmol Lil, 20 pmol triphos, 3 MPa CO, and 5 MPa H,, 190 °C.
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Table S2 Impact of the catalytic components and reactant gases on the decomposition of anisole
at 190 °C.

Entry Catalyst Promoter Ligand CO; H, Anisol_e_
20 pmol Ru/60 umol Co 2.2mmol  20umol  MPa MPa decomposition%

1 - Lil - 0 0 3.9
2 [RUClI,(CO)3],, Co,(CO)g - triphos 3 5 0

3 [RuClI,(CO);],, Co,(CO)g Lil triphos 3 5 79.3
4 - Lil - 3 5 43.1
5 Co,(CO)g Lil triphos 3 5 46.2
6 [RUCI,(CO)3]5, Lil triphos 3 5 76.2
7 [RUCI,(CO)3],, Co,(CO)s Lil - 3 5 68.2
8 [RUCI(CO)3]5 Cox(CO)g Lil LiBF, 3 5 100
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