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1. General Information

All experiments were carried out under an atmosphere of purified nitrogen in a
Vacuum Atmospheres glove box equipped with a MO 40-2 inert gas purifier or using
standard Schlenk techniques, unless otherwise noted. Deuterated solvents were used as
received. In order to avoid non-specific reactions, all catalytic reactions are carried out
in glass vials, which are placed in a 300 mL Parr high-pressure reactor. GC analysis
was performed on Agilent 8860 with HP-5 column, flame ionization detector, and N>
as carrier gas. GS-MS analysis was performed on Agilent 8860/5977B GCMS system
with MS detector, and helium as carrier gas. NMR spectra were recorded on BRUKER
Avance |1l (400 MHz) spectrometers. NMR data are represented as follows: chemical
shift (ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quint. = quintet,
sext = sextet, m = multiplet, dd = doublet of doublets), coupling constant in Hertz (Hz),

integration.
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2. Synthesis of Ru Catalysts

X
Br N, (1) "BuLi, -78 °C-r.t., 1h _
N Br NN P Cy,PCl, -78 °C-40 °C, 12 h N
NG K,CO3, DMF N (2) BH3*THF, 0°C-t, 12 h N PCy,
NH, 125°C, 8 h (N7 \ ; BH

S-1 Step 1 S-2 Step 2 L3-BH,

DABCO|50°C,12h
toluene Step 3

/ Ly \
N\:FI/ ~CY  RuH(CO)CI(PPhy), NG
N— 8 THF, 70 °C, 12 h N PCy,
cl CO
Step 4
L3
[Ru]-3

All the operation steps are based on the reports of the research group’.

SETP 1: A mixture of 8-amino-2-methylquinoline S-1 (15.8 g, 100.0 mmol), 1,4-
dibromobutane (25.9 g, 120.0 mmol), K>COs (55.3 g, 400 mmol), and DMF (100 mL)
was added to a 500 mL three-neck flask under nitrogen atmosphere. The resulting
mixture was stirred at 125 °C for 8 hours. After cooling to room temperature, the
reaction mixture was quenched with water (100 mL) and extracted with ethyl acetate
(50 mL x 3). The combined organic layer was washed with water (20 mL x 2) and dried
over anhydrous Na>SOs. After removal of the solvent under reduced pressure, the crude
product was purified by flash column chromatography on silica gel and eluted with
petroleum ether/ethyl acetate (30/1) to give 2-methyl-8-(pyrrolidin-1-yl)quinoline S-2
(14.8 g, 71% yield).

SETP 2: S-2 (2.1 g, 10.0 mmol) and THF (10 mL) were added to a 100 mL flame-
dried three-necked flask equipped with a magnetic stirring bar under nitrogen
atmosphere.. "BuLi (11.0 mmol, 2.5 M in hexane) was slowly added to the mixture at -
78 °C, and then warmed to room temperature for 1 hour. A solution of Cy.PCI (2.4 g,
11.0 mmol) in THF (10 mL) was then added at -78 °C, and the reaction mixture was
stirred at 40 € and monitored by TLC. After the reaction was completed, the reaction
mixture was cooled to 0 °C, then BHz*THF (12.0 mmol, 1.0 M in THF) was added

dropwise and stirred for a further 12 hours. The reaction was quenched with water, and
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the solvent was removed under reduced pressure. The residue was extracted with
dichloromethane (10 mL x 3), and dried over anhydrous Na>SO4. After concentrating,
the crude product was purified by flash column chromatography on silica gel and eluted
with petroleum ether/ dichloromethane /ethyl acetate (20/5/5) to give L1-BHs (3.4 g,
81% yield).

SETP 3:Amixture of L1-BH3 (253.4 mg, 0.6 mmol), DABCO (134.4 mg, 1.2 mmol),
and toluene (3 mL) were added to a 25 mL Schlenk flask under nitrogen atmosphere.
The solution was stirred at 50 °C for 12 hours and monitored by TLC. The solvent was
then removed under reduced pressure and the residue was washed with "hexane,
followed by filtration through a short plug of Celite. After concentration of the solvent
under vacuum, a crude ligand L1 was obtained and used directly in the next step without
further purification.

SETP 4:The crude product L1 from the previous step was dissolved in THF (10mL)
and transferred to a 25 mL Schlenk flask, which containing RuH(CO)CI(PPh3); (475.5
mg, 0.5 mmol), under nitrogen atmosphere. The reaction mixture was allowed to be
stirred at 70 °C for 12 hours. The solvent was removed under vacuum, and the resulting
residue was washed several times with "hexane and ethyl ether. After simple
centrifugation and concentration, a pure yellow solid [Ru]-3 was obtained (266.91 mg,
93% yield).
2-Methyl-8-(pyrrolidin-1-yl)quinoline (S-2). "H NMR (400 MHz, CDCls) & 7.94 (d,

Ny J=8.4Hz 1H), 7.31 (t, J = 8. Hz, 1H), 7.20 (dd, J: = 8.4 Hz, J,= 18.4

I N Hz, 2H), 6.85 (d, J = 7.6 Hz, 1H), 3.75 — 3.72 (m, 4H), 2.70 (s, 3H), 2.06
Q s-2  —2.00(m, 4H).
2-((Dicyclohexylphosphanyl)methyl)-8-(pyrrolidin-1-yl)quinoline borane

N complex (L1-BH3). 3'P NMR (162 MHz, CDCl3) & 27.6(J = 51.52
NZ Hz); 'TH NMR (400 MHz, CDCls) & 7.97 (d, J = 8.4 Hz, 1H), 7.42
(17 P (d, J=8.4 Hz, 1H), 7.33 (t, J=8.0 Hz, 1H), 7.14 (d,J = 7.6 Hz, 1H),

BH,
L3-BH; 6.81 (d,J= 8.0 Hz, 1H), 3.76-3.73 (3, 4H), 3.38 (d, J= 12.0 Hz, 2H),
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2.03-1.99 (m, 4H), 1.91-1.68 (m, 12H), 1.43-1.33 (m, 4H), 1.22-1.18 (m, 6H), 0.57-

0.29 (m, 3H).

[Ru]-3: 3'P NMR (162 MHz, CDCl3) § 92.2 (J = 4.1 Hz); 'H NMR (400 MHz, CDCl:)
= 58.10 (d, J=8.4 Hz, 1H), 7.87 (d, J= 7.6 Hz, 1H), 7.72 (d, /= 8

/ Ly
N}{l"/ —Cy Hz, 1H), 7.55 (t, /= 8.0 Hz, 1H), 7.49 (d, J = 8.4 Hz, 1H), 4.79-
N~ 4°
Q cI €O 4.7 (m, 1H), 4.12-4.08 (m, 1H), 3.87 (dd, J1 =8.8 HzJ> =16.8 Hz,
[Ru]-3 1H), 3.65-3.58 (m, 2H), 2.98-2.96 (m, 1H), 2.68-2.47 (m, 4H),

2.20-2.18 (m, 2H), 2.20-2.18 (m, 1H), 1.86-1.70 (m, 6H), 1.62-1.52k (m, 3H), 1.48-
1.32 (m, 5H), 1.28-1.20 (m, 5H), -15.11 (d, J = 23.6 Hz, 1H). 3C NMR (101 MHz,
CDCl3) 6 208.1 (d, Jcp = 16.4 Hz), 161.1 (d, Jc-p = 4.9 Hz), 153.0, 145.9, 136.2, 127.7,
126.7, 126.5, 125.0, 120.4 (d, Jcp = 9.6 Hz), 71.5, 63.9, 41.4 (d, Jcp = 22.4 Hz), 39.0
(d, Jcp = 24.7 Hz), 36.0 (d, Jcr = 29.3 Hz), 30.6 (d, Jcr = 1.9 Hz), 29.3, 28.9 (d, Jc-p
= 1.9 Hz) ,28.3(d, Jc-p = 5.3 Hz), 27.7 (d, Jc-p = 13.7 Hz), 27.3, 27.0 (d, Jcr = 9.1 Hz),
26.4,26.3,25.8,25.2,24.4.
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3. Standard curve plot

GC acquisition method: Agilent 8860 GC system; Column: HP-5, 30 m % 320 pm X

0.25 pum, Inlets: 280 °C; Detector: FID 300 °C; Carrier Gas: N2; Flow: 1.0 mL/min;

Oven: 50 °C, hold 4 min; 15 °C/min to 280 °C, hold 5 min.

a. Standard curve plot for stearyl alcohol and biphenyl

Table S1. Measurement of the relative GC response factors of stearyl alcohol and

biphenyl.
Ent The mass of stearyl The mass of The peak area of  The peak area of
ry alcohol (mg) biphenyl (mg) stearyl alcohol biphenyl
1 51.2 17.6 8402.844 3854.072
2 14.1 18 3110.844 5656.604
3 21.7 17.4 5346.417 6175.348
4 35.6 17.7 7565.557 5171.699
5 4.1 17.6 972.167 6359.074
35

= 3 y =1.318x + 0.063

= R==0.9991 -®

2

2 25

o]

G

w2 R 4

& -

£

= 15

_g '-.....

= 1

s )

gos. .

— .

° 0

& 0 0.5 1 15 2 25

=

peak area of stearyl alcohol/peak area of biphenyl

Figure S1. Standard curve plot for stearyl alcohol and biphenyl
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b. Standard curve plot for hexadecanol and biphenyl

Table S2. Measurement of the relative GC response factors of hexadecanol and

biphenyl.
Ent The mass of The mass of The peak area of The peak area of
Y hexadecanol (mg) biphenyl (mg) hexadecanol biphenyl

1 4.5 14.8 102.692 769.121
2 10.8 13.8 235.039 597.288
3 17.1 12.2 910.105 1159.009
4 32.7 13.7 1055.592 744.23
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Figure S2. Standard curve plot for hexadecanol and biphenyl

c. Standard curve plot for methyl stearate and biphenyl
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Table S3. Measurement of the relative GC response factors of methyl stearate and

biphenyl.

Ent The mass of methyl The mass of The peak area of The peak area of
ry stearate (mg) biphenyl (mg) methyl stearate biphenyl
1 9.9 14.2 262.223 498.124
2 16.4 14.7 536.521 590.838
3 24.2 14.2 1052.051 773.786
4 31.8 14.7 1116.228 660.413
5 37.1 14.9 1713.559 872.976
6 3.8 14.5 193.918 810.879

3
B y =1.2828x - 0.0241
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Figure S3. Standard curve plot for methyl stearate and bipheny!l
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4. Evaluation of the relay strategy

Alcoholysis of glycerol tristearate 1

O

0]
C17H35)J\O/\/\O)J\C17H35 'BUOK (2 mol%)
+ MeOH > CyiHas~ “OMe
Cq7H35 (0] 1735
hif 100 °C, 8 h
o) 0.5 mL 2
1 91% yield

A mixture of glycerol tristearate 1 (89 mg, 0.1 mmol), '‘BuOK (0.2 mg, 0.002 mmol),
and MeOH (0.5 mL) was added to a 10 mL Schlenk flask under nitrogen atmosphere.
The solution was stirred at 100 °C for 8 hours. When the reaction was completed, the
Schlenk flask was cooled to room temperature. The yield was determined by GC using

biphenyl as internal standard.

General procedure for the hydrogenation of 2:

In a nitrogen-filled glove box, a mixture of [Ru] (1 mol%), '‘BuOK (0.4 mg, 1.3
mol%), and MeOH (0.5 mL) was added to an ampoule and stirred at room temperature
for 15 minutes. Methyl stearate 2 (90 mg, 0.3 mmol) was then added to the ampoule,
and the ampoule was placed in an autoclave. The autoclave was purged several times
with Hz (5 bar) and finally pressurized to 30 bar H.. The autoclave was heated in an oil
bath at 100 °C for 24 h. When the reaction was complete, the autoclave was cooled to
room temperature, and the pressure was carefully released. The yield was determined

by GC using biphenyl as internal standard.
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Table S4. The effect of the ruthenium catalyst on the reaction*

[Ru] (1 mol%)

Q ’ 'BuOK (1.3 mol%)
+ C4-H OH
CisHgs” "OMe 72 0.5 mL MeOH 17N~
2 30 bar  100°C 24 h 3
/H /Ph N/H /Cy
N —Ph —Cy
\1 ;{'/
/R_U — ;U\

7\ ,/Bu 77\ Ly
NH -8By NH ~Cy
\I~ \L
_—Ru_ _—Ru_
N - CO N - CO
[i) Cl [ ) Cl
o
[Ru]-4, 4% yield [Rul-5, 14% vyield

[a] General conditions: 2 (0.30 mmol), [Ru] (1 mol%), 'BuOK (1.3 mol%), P(Hz) = 30 bar and
MeOH (0.50 mL) at 100 <T for 24 h; Yields were determined by GC using biphenyl as internal

standard.
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5. Optimization of Reaction Conditions

General procedure for the reaction optimization:

In a nitrogen-filled glove box, a mixture of [Ru], base, and solvent (0.5 mL) was
added to an ampoule and stirred at room temperature for 15 minutes. Glycerol
tristearate 1 (89 mg, 0.1 mmol) was then added. The ampoule was then placed in an
autoclave. The autoclave was purged several times with Hy (5 bar) and finally
pressurized to 30 bar Ho. The reaction mixture was stirred at 100 °C for the reaction
time. The autoclave was cooled to room temperature and the pressure was carefully
released. Most of the yields were determined by GC using bipheny! as internal standard.
The isolated yield for the best results (93%) was obtained by flash column

chromatography on silica gel.

Table S5. The effect of solvent and time on the reaction?

0 o H, (30 bar)
[Ru]-3 (3 mol%)

Cq7Has O/\/\O Ci7Hzs  BUOK (12 mol%) CoH oH Q
+
C17H35\n/o solvent, 100 °C, time (h) 7N~ Ci7H3s™ OMe
o 1 3 2
Yield
Entry  Time (h) Solvent (mL)
3 (%) 2 (%)
1 24 MeOH (0.5) 75 15
2 24 "hexane/MeOH (0.25/0.25) 83 5
3 36 "hexane/MeOH (0.25/0.25) 97(93) 1
4 36 THF/MeOH (0.25/0.25) 96 3
5 36 Toluene/MeOH (0.25/0.25) 70 14
6 36 Dioxane/MeOH (0.25/0.25) 63 33
7 36 THF (0.5) 2 0
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8 36 Toluene (0.5)
9 36 Dioxane (0.5)
10 36 "hexane (0.5)
11 36 EtOH (0.5)
12 36 ‘PrOH (0.5)

15

4

78

17

0

0

[a] General conditions: 1 (0.10 mmol), [Ru]-3 (3 mol%), 'BuOK (12 mol%), P(H2) = 30 bar and
MeOH (0.50 mL) at 100 <T for 24 h; Yields were determined by GC using biphenyl as internal

standard and the value in parentheses is the isolated yield.

Table S6. The effect of base on the reaction”

0] (0] H, (30 bar)
J§ [Ru]-3 (3 mol%)
C17H35)J\O/\(\O Cq7H3s5 base (12 mol%) O
C1 H O > C17H35 \/OH +
! 35\”/ MeOH/"hexane (1:1) C47H3s”~ "OMe
@) 100°C 36 h
1 3 2
Yield
Entry Base (mol%)
3 (%) 2 (%)
1 ‘BuOK 97(93) 1
2 ‘BuONa 44 25
3 ‘BuOLi 67 16
4 EtONa 60 17
5 MeOK 95 4
6 MeONa 54 19

[a] General conditions: 1 (0.10 mmol), [Ru]-3 (3 mol%), base (12 mol%), P(H2) = 30 bar MeOH
(0.25 mL), "hexane (0.25 mL) at 100 <C for 36 h; Yields were determined by GC using biphenyl as

internal standard and the value in parentheses is the isolated yield.
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Table S7. The effect of the amount of base on the reaction”

o H, (30 bar)

)J\ )J\ [Ru]-3 (3 mol%) o

CisHas™ ~O7 Y 07 “CijHgs BUOK (3-12 mol%) CoHas_OH + P
C17H35\n/0 MeOH/"hexane (1:1) Ci7Hzs™ OMe
0 1 100°C, 36 h 3 2
Yield
Entry ‘BuOK (mol%)

3 (%) 2 (%)

1 3 0 33

2 6 0 95

3 9 65 25

4 12 97(93) 1

[a] General conditions: 1 (0.10 mmol), [Ru]-3 (3 mol%), MeOH (0.25 mL), "hexane (0.25 mL) and
P(H.) = 30 bar at 100 <C for 36 h; Yields were determined by GC using biphenyl as internal standard

and the value in parentheses is the isolated yield.

Table S8. The effect of catalyst loading on the reaction”

)CJ)\ )OJ\ H2 (30 bar)
[Ru]-3 (1-3 mol%)
Ca7H3s O/Y\O Ci7H3zs  BUOK (4-12 mol%) 0
C17H35 (0] C17H35\/OH +

\”/ MeOH/"hexane (1:1) Cy7Hazs™ “OMe
0 1 100°C, 36 h 3 2
Yield
Entry [Ru]-3 (mol%) ‘BuOK (mol%)
3 (%) 2 (%)
1 1 4 0 21
2 2 8 26 62
3 3 12 97(93) 1

[a] General conditions: 1 (0.10 mmol), MeOH (0.25 mL), "hexane (0.25 mL) and P(H.) = 30 bar at
100 <C for 36 h; Yields were determined by GC using biphenyl as internal standard and the value

in parentheses is the isolated yield.
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Table S9. The effect of temperature on the reaction”

o 0 H, (30 bar)
[Ru]-3 (3 mol%)

C17H3s O/\/\O Ci7H3s  1BUOK(12 mol%) 0
> Cy7H3s_OH +
Cq7Hzs O

\n/ MeOH/"hexane (1:1) Cq7H35~ “OMe
0 4 80-120 °C, 36 h 3 )
Yield
Entry Temp. (°C)
3 (%) 2 (%)
1 80 86 8
2 100 97(93) 1
3 120 71 13

[a] General conditions: 1 (0.10 mmol), [Ru]-3 (3 mol%), ‘BuOK (12 mol%), P(H) = 30 bar, MeOH
(0.25 mL), "hexane (0.25 mL) for 36 h; Yields were determined by GC using biphenyl as internal

standard and the value in parentheses is the isolated yield.
Table S10. The effect of Hz pressure on the reaction”
0 0 H2 (10-30 bar)

[Ru]-3 (3 mol%)
Ci7H3s O/\(\O Ci7Hss  1BUOK(12 mol%)

C17H35\/OH +

C”H35\[(O MeOH/"hexane (1:1) Cy7H3s~ “OMe
0 4 100°C, 36 h 3 2
Yield
Entry P(H>) (bar)
3 (%) 2 (%)
1 30 97(93) 1
2 20 51 17
3 10 8 57

[a] General conditions: 1 (0.10 mmol), [Ru]-3 (3 mol%), 'BuOK (12 mol%), MeOH (0.25 mL),
"hexane (0.25 mL) at 100 <C for 36 h; Yields were determined by GC using biphenyl as internal
standard and the value in parentheses is the isolated yield.
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Table S11. Control experiments®

)?\ )cj)\ H2 (30 bar)
[Ru]-3 (3 mol%)
Cq7H3s5 O/\/\O Ci7H3s  1BUOK(12 mol%) CoH OH + O
> 177136~~~
C17H35\n/o MeOH/"hexane (1:1) C47H3s~ ~“OMe
o 100°C, 36 h 3 9
Yield

Entry Deviation from the “standard” condition

2a (%) 2b (%)

1 w/o 'BuOK 0 3
2 w/o [Ru]-3 0 91
3 RuH(CO)CI(PPhs); instead of [Ru]-3 0 100

[a] General conditions: 1 (0.10 mmol), [Ru] (3 mol%), '‘BuOK (12 mol%), MeOH (0.25 mL),
"hexane (0.25 mL) and P(H2) = 30 bar at 100 T for 36 h; Yields were determined by GC using

biphenyl as internal standard.
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6. Direct hydrogenations of natural oils

Peanut oil Corn oil Soybean oil Walnut oil Olive oil

Blend oil Palm oil Hog fat Sesame oil  Coconut oil WCO

Figure S4. Oil samples used in experiments (simply dried by 4A MS before use)

In a nitrogen-filled glove box, a mixture of [Ru]-3 (1.7 mg, 0.003 mmol), 'BuOK
(1.4 mg, 0.012 mmol), and "hexane (0.25 mL) was added to an ampoule and stirred at
room temperature for 15 minutes. Natural oils (89 mg) and MeOH (0.25 mL) were
added successively. The ampoule was then placed in an autoclave. The autoclave was
purged several times with Hz (5 bar) and finally charged to 30 bar H> pressure. The
reaction mixture was stirred at 100 °C for 36 h. The autoclave was cooled to room
temperature, and the pressure was carefully released. The solvent was removed by
regulating the vacuum and temperature. The GC chromatogram of the reaction mixture
with internal standard (biphenyl) was illustrated in Figure S5-S28.

a. Peanut oil:
The GC chromatogram of the reaction mixture was shown in Figure S5. The crude

product was purified by silica gel chromatography (PE/EA = 10/1) to afford the product
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as a white solid (66.2 mg). The components and ratios of the obtained mixed alcohols

were confirmed by GC and shown in Figure S6.

FId1A

170549

W00H -« Stearyl alcohol

Methyl hexadecahoate

15041} Diphenyl—>

15. 724

& Methyl stearate

=
a
>
™)
o
[¢]
(¢
o
=]
o
e

=

5 6 1 & 4 1 11 12 13 14 15 16 17 18 1% M 21 22 23 24 25
5 (E [min]

W FIDLA
ﬂl‘r:m‘ ¥ L i ] MEETF (BR) WX (0% L 53 kit

12, 074 2520. 21929 1. 18
15. 728 1107, 26183 0. 68
16. 014 B5. 64188 0. 63
17. 059 BEEZ. 18361 2,35
17. 262 699, 06647 0. 50

Figure S5. GC chromatogram of the reaction mixture of peanut oil

FIb1A

150+
T+
B850

17. 010"

5504
500
450
404 ~«—— Stearyl alcohol
350
300
2504
200
150
100

50 Hexadecanol — >
0_!1 L
s 6 7 % % 10 11 12 13 14 15 16 17 18 18 2 21 23 23 21 25

B fE [min]

+15.71%

1] FIDLA
ﬁl'm K Ltk MEEF (BR) WK (G0N L3 L 1+

15. 719 210, 24335 0. 40
17. 010 1662, 1853 1.9

Figure S6. GC chromatogram of the isolated mixed alcohols of peanut oil
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b. Soybean oil:

The GC chromatogram of the reaction mixture was shown in Figure S7. The crude

product was purified by silica gel chromatography (PE/EA = 10/1) to afford product as

a white solid (65.3 mg). The components and ratios of the obtained mixed alcohols were

confirmed by GC and shown in Figure S8.

FIDA

12. 96

17, 056

-«——Stearyl alcohol

. £ B
Diphenyl— = =
Hpxadecanol —»I_ i<— Methyl stearate
7 & & 10 11 12 13 14 15 16 17 18 18 2 21 22 23 24 25
838 [min]
FIDLA
K L i HMEETF (BR) X (G0N L5 3 L 14
2476, 46222 L.19
945, (4889 0. 51
8179, 78299 L. 95
644, 80090 0. 56

Figure S7. GC chromatogram of the reaction mixture of soybean oil
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FID1A

75H Z
0 o
=
6501
B0
5504
500
4501 -«—Stearyl alcohol
400
%
350
30
2504
200
=
150 r-'_a:
104 u
iﬂi Hexadecanol— L_
56 & 9 10 11 12 13 14 15 16 17T 18 1 M 21 22 23 24 25
B3 [win]
L 3 g o
L] FID1A
FEe L 1iE MEET (BR) WX (G0N L 53 L 14
[min]
15 T30 13T, 43444 0. 31
17. 005 1347, 16302 0. 75

Figure S8. GC chromatogram of the isolated mixed alcohols of soybean oil

c. Corn oil:

The GC chromatogram of the reaction mixture was shown in Figure S9. The crude

product was purified by silica gel chromatography (PE/EA = 10/1) to afford product as

a white solid (67 mg). The components and ratios of the obtained mixed alcohols were

confirmed by GC and shown in Figure S10.
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FID1A
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Methyl hexadecanoate
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2
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17038

-«——— Stearyl alcohol

=
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15. 723
16 013

17. 038
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FIDLA
¥ W

1333, 07767
607, 92180

54, 25628
4729, 25353
261, 12194

112 13 11 15 18
(@ [min]

17 1® 1% M 21 22 23 24
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Figure S9. GC chromatogram of the reaction mixture of corn oil
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Figure S10. GC chromatogram of the isolated mixed alcohols of corn oil

d. Walnut oil:
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The GC chromatogram of the reaction mixture was shown in Figure S11. The crude

product was purified by silica gel chromatography (PE/EA = 10/1) to afford product as

a white solid (73.7 mg). The components and ratios of the obtained mixed alcohols were

confirmed by GC and shown in Figure S12.
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Figure S11. GC chromatogram of the reaction mixture of walnut oil
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Figure S12. GC chromatogram of the isolated mixed alcohols of walnut oil
e. Blend oil:
The GC chromatogram of the reaction mixture was shown in Figure S13. The crude
product was purified by silica gel chromatography (PE/EA = 10/1) to afford product as
a white solid (65.2 mg). The components and ratios of the obtained mixed alcohols were

confirmed by GC and shown in Figure S14.
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Figure S13. GC chromatogram of the reaction mixture of blend oil
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Figure S14. GC chromatogram of the isolated mixed alcohols of blend oil
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f. Palm oil:

The GC chromatogram of the reaction mixture was shown in Figure S15. The crude

product was purified by silica gel chromatography (PE/EA = 10/1) to afford product as

a white solid (73.4 mg). The components and ratios of the obtained mixed alcohols were

confirmed by GC and shown in Figure S16.
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Figure S15. GC chromatogram of the reaction mixture of palm oil
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Figure S16. GC chromatogram of the isolated mixed alcohols of palm oil

g. Olive oil:

The GC chromatogram of the reaction mixture was shown in Figure S17. The crude
product was purified by silica gel chromatography (PE/EA = 10/1) to afford product as
a white solid (67.6 mg). The components and ratios of the obtained mixed alcohols were

confirmed by GC and shown in Figure S18.
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Figure S17. GC chromatogram of the reaction mixture of olive oil
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Figure S18. GC chromatogram of the isolated mixed alcohols of olive oil
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h. Sesame oil:

The GC chromatogram and GC-MS chromatogram of the reaction mixture was
shown in Figure S19 and Figure S20. The crude product was purified by silica gel
chromatography (PE/EA = 10/1) to afford product as a white solid (53.5 mg). The
components and ratios of the obtained mixed alcohols were confirmed by GC and H

NMR and shown in Figure S21 and S22.
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Figure S19. GC chromatogram of the reaction mixture of sesame oil
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Figure S20. GC-MS chromatogram of the reaction mixture of sesame oil
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Figure S22. 'TH NMR spectra of the isolated mixed alcohols of sesame oil
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i. Coconut oil:

The GC chromatogram and GC-MS chromatogram of the reaction mixture was
shown in Figure S23 and Figure S24. The crude product was purified by silica gel
chromatography (PE/EA = 10/1) to afford product as a white solid (53 mg). The
components and ratios of the obtained mixed alcohols were confirmed by GC and

shown in Figure S25.
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Figure S23. GC chromatogram of the reaction mixture of coconut oil
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Figure S24. GC-MS chromatogram of the reaction mixture of coconut oil
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Figure S25. GC chromatogram of the isolated mixed alcohols of coconut oil

j- Pork fat

The GC chromatogram of the reaction mixture was shown in Figure S26. The crude

product was purified by silica gel chromatography (PE/EA = 10/1) to afford product as

a white solid (64.8 mg). The components and ratios of the obtained mixed alcohols were

confirmed by GC and shown in Figure S27.
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Figure S27. GC chromatogram of the isolated mixed alcohols of hog fat
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k. Waste cooking oil

The GC chromatogram and GC-MS chromatogram of the reaction mixture was
shown in Figure S28 and Figure S29. The crude product was purified by silica gel
chromatography (PE/EA = 10/1) to afford product as a white solid (53.4 mg). The
components and ratios of the obtained mixed alcohols were confirmed by GC and

shown in Figure S30.
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Figure S28. GC chromatogram of the reaction mixture of waste cooking oil
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Figure S29. GC-MS chromatogram of the reaction mixture of waste cooking oil
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Figure S30. GC chromatogram of the isolated mixed alcohols of waste cooking oil
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Table S12. The summary results of direct homogeneous hydrogenations of
various natural oils

[Ru]-3 (0.003 mmol)

‘BuOK (0.012 mmol)
natural oil + H, ~ R._OH

MeOH/"hexane (1:1)
100°C,36h R = CgHyg, Cy1Ha3, Cy3Ha7,
C1sHz1, Cq7H33, Cq7H3s5

89 mg 30 bar

Mixed The ratio of different alcohols (%)
Natural
Entry . alcohols
oil C10:0 C12:0 Cl14:.0 Cl16:0 Cl18:1 C18:0
(mg)

1  peanut oil 62.2 0 0 0 11 0 89
2 soybean 65.3 0 0 0 9 0 91
3 corn oil 67 0 0 0 10 0 90
4  walnut oil 73.7 0 0 0 5 0 95
5  blend oil 65.3 0 0 0 9 0 91
6  palmoil 73.4 0 0 0 40 10 50
7 olive oil 67.6 0 0 0 11 10 79
8 sesame 53.5 0 0 0 9 47 44
9 coconut 53 4 50 20 11 3 12
10 hog fat 64.8 0 0 0 29 7 64
11 WCO 534 0 0 2 29 7 62

¢ Reaction conditions: natural oil (89 mg), [Ru]-3 (1.7 mg), ‘BuOK (1.4 mg), H> (30
bar), MeOH (0.25 mL), "hexane (0.25 mL), 100 °C, 36 h. * CX:Y represents alcohol

with X carbon atoms and Y C=C double bonds.
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7. Scale up reaction

i
[Ru]-3 (0.06 mmol) —

‘BuOK (0.24 mmol) :
comoil + Hp - R._OH pldhin g

MeOH/"hexane (1:1) kool bty
1.78 g 30 bar 100 °C, 60 h 1.36 g \com, ok

b

In a nitrogen-filled glove box, a mixture of [Ru]-3 (35 mg, 3 mol%), 'BuOK (27 mg,
12 mol%), and "hexane (5 mL) was added into a glass tube and stirred at room
temperature for 15 minutes. Corn oil (1.78 g, 2.0 mmol) and MeOH (5 mL) were added
successively. The glass tube was then placed in an autoclave. The autoclave was purged
several times with Hz (5 bar) and finally charged to 30 bar Hz. The reaction mixture was
stirred at 100 °C for 60 h. The autoclave was cooled to room temperature, and the
pressure was carefully released. The solvents were removed sequentially by regulating
the vacuum and temperature. The residue was purified by silica gel chromatography
(PE/EA = 10/1) to give the product as a white solid (1.36 g) containing 14% hexadecyl
alcohol 8% oleyl alcohol and 78% octadecyl alcohol. The purity of the product was

confirmed by the GC chromatography and shown in Figure S31.
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8. TON experiments

8.1 TON experiments of methyl stearate 2

[Rul-3 (0.033 mol%)

0
BUOK (1 mol%)

PN
)J\ + H C17H35 OH
Ci7Hss™ OMe > MeOH/"hexane (1:1)
2 120°C, 7 d 3
1.79 g, 6 mol 50 bar 1.38 g, 85% yield

(2550 TON)

In a nitrogen-filled glove box, a mixture of [Ru]-3 (1.1 mg, 0.033 mol%), '‘BUOK
(13.4 mg, 1 mol%), and "hexane (2.5 mL) was added to a glass tube and stirred at room
temperature for 15 minutes. Methyl stearate (1.78 g, 2.0 mmol) and MeOH (2.5 mL)
were added successively. The glass tube was then placed in an autoclave. The autoclave
was purged several times with Hz (5 bar) and finally charged to 50 bar H2. The reaction
mixture was stirred at 120 °C for 7 d. The autoclave was cooled to room temperature,
and the pressure was carefully released. The solvent was removed sequentially by
regulating the vacuum and temperature. The residue was purified by silica gel
chromatography (PE/EA = 10/1) to give stearyl alcohol as a white solid (1.38 g). The
purity of the product was confirmed by NMR spectroscopy.

Stearyl alcohol (3) White solid. "TH NMR (400 MHz, CDCl3) & 3.63 (t, J = 6.4 Hz, 2H),
CiHas” “OH  1.59-1.53 (m, 2H), 1.41 (s, 1H), 1.35-1.25 (m, 30H), 0.87 (t, J = 6.8
Hz, 3H). 3C NMR (101 MHz, CDCl3) 6 63.1, 32.8 31.9, 29.7, 29.6 (d, Jc.p = 1.5 Hz),

29.4,29.3,25.7,22.6.2

8.2 TON experiments of natural oils

H, (50 bar)
[Ru]-3 (0.002 mmol)

, 'BuOK (0.06 mol)
Natural oil R

MeOH/"hexane (1:1)
1789 120°C, 7 d

OH

In a nitrogen-filled glove box, a mixture of [Ru]-3 (1.1 mg, 0.002 mmol), 'BuOK
(6.7 mg, 0.06 mmol), and "hexane (2.5 mL) was added to an ampoule and stirred at

room temperature for 15 minutes. Natural oil (1.78 g) and MeOH (2.5 mL) were added
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successively. The ampoule was then placed in an autoclave. The autoclave was purged
several times with Hz (5 bar) and finally charged to 50 bar Hz. The reaction mixture was
stirred at 120 °C for 7 d. The autoclave was cooled to room temperature, and the
pressure was carefully released. The solvent was removed by regulating the vacuum
and temperature. The GC-MS chromatogram of the reaction mixture with internal
standard (biphenyl) was illustrated in Figure S32-S34.

a. Peanut oil:

The GC-MS chromatogram of the reaction mixture was shown in Figure S32. The
chromatogram showed that the hydrogenation reaction only afforded FAMEs (Methyl
palmitate, cis-Methyl oleate, trans-Methyl oleate, Methyl stearate, and so on) and fatty

alcohols could not be detected at all.
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Figure S32. GC-MS chromatogram of the hydrogenation of peanut oil
b. Olive oil:

The GC-MS chromatogram of the reaction mixture was shown in Figure S33. The

chromatogram showed that the hydrogenation reaction could only afford FAMEs

(methyl palmitate, cis-methyl oleate, trans-methyl oleate, methyl stearate, and so on)

and fatty alcohols could not be detected at all.
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Figure S33. GC-MS chromatogram of the hydrogenation of olive oil

¢. Palm oil:

The GC-MS chromatogram of the reaction mixture was shown in Figure S34. The

chromatogram showed that the hydrogenation reaction could only afford FAMEs

(methyl palmitate, cis-methyl oleate, frans-methyl oleate, methyl stearate, and so on)

and fatty alcohols could not be detected at all.
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Figure S34. GC-MS chromatogram of the hydrogenation of palm oil
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9. Mechanistic studies

a. The preparation of complex [Ru]-3-H2

\ 7\ e
1. 'BUOK, tol t,1h -
\RI?/ \Cy uOK, toluene, r.t., _ \|'-|/ Cy
— .u\ /RU
NT 2 co 2. H, (1 bar), 50 °C, 1 h N N
i Q co
[Rul-3 [Ru]-3-H,

[Ru]-3 (57 mg, 0.1 mmol), 'BUOK (22.4mg, 0.2 mmol), and toluene (3 mL) were
added to a sample bottle equipped with a magnetic stirring bar under nitrogen
atmosphere. The resulting solution was stirred at room temperature for 1 hour and then
filtered through the Celite plug into a 25 mL flame-dried Young-type tube under
nitrogen atmosphere. The solution was degassed via freeze-thaw method and the tube
was charged with Ha (1 bar). The resulting solution was stirred at 50 °C for 1 hour. After
removing the solvent under vacuum, the solid residue was washed with n-hexane (2
mL) and concentrated to give [Ru]-3-H:z as an orange solid (40.8 mg, 77% yield).
[Ru]-3-Hz. 3'P NMR (162 MHz, CsD¢) & 79.2 (J=23.8 Hz). 'H NMR (400 MHz, CsDs)
3 6.78 (d, J=17.2 Hz, 1H), 6.70 (d, J = 8.0 Hz, 1H), 6.60 — 6.56 (m, 1H), 3.96 (d, J =
4.4 Hz, 1H), 3.56 — 3.51 (m, 1H), 3.02 — 2.98 (m, 2H), 2.66— 2.63 (m, 2H), 2.59 — 2.55
(m, 2H), 2.52 — 2.47 (m, 3H), 2.16 — 2.14 (m, 2H), 2.06 — 1.99 (m, 3H), 1.75 — 1.73 (m,
6H), 1.67 — 1.58 (m, 6H), 1.22 — 1.14 (m, 7H), -25.25 (d, J = 28.8 Hz, 1H); 13*C NMR
(101 MHz, C¢Ds) & 207.5, 167.4 (d, Jc» = 15.5 Hz), 149.5 (d, Jc-p = 2.8 Hz), 141.6,
126.2,123.5,119.7, 115.9, 82.3 (d, Jc-p =45.0 Hz), 63.7, 59.2, 36.7 (d, Jc-r = 29.3 Hz),
34.6 (d, Jo.p = 34.1 Hz), 29.5 (d, Jep = 3.3 Hz), 28.6, 28.2, 27.2 (d, Jop = 3.4 Hz), 27.1,

27.0,26.8,26.4 (d, Jcr = 4.8 Hz), 26.3, 25.6, 25.4.
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b. The catalytic activity of [Ru]-3-H2 in ester hydrogenation

0]
y [Ru]-3-H, (1 mol%)
+ H, Cy7Hzs~_OH
Cq7Hzs~ OMe MeOH, 100 °C, 24 h
2 30 bar ’
0.3 mmol 99% vyield

In a nitrogen-filled glove box, a mixture of [Ru]-3-Hz (1.6 mg, 1 mol%), and "hexane
(0.25 mL) was added into a glass tube and stirred at room temperature for 15 minutes.
Methyl stearate (89 mg, 0.3 mmol) and MeOH (0.25 mL) were added successively. The
glass tube was then placed in an autoclave. The autoclave was purged several times
with H2 (5 bar) and finally charged with H2 (50 bar). The reaction mixture was stirred
at 100 °C for 24 h. When the reaction was complete, the yield of octadecyl alcohol was

99% by gas chromatography using biphenyl as the internal standard.

C. The catalytic activity of [Ru]-3 in carbon-carbon double bond hydrogenation

[Ru]-3 (1 mol%)

, .
MeOH/"hexane (1:1) 353\/

(o]
0.3 mmol 30 bar 1007C, 24 h 93% yield

In a nitrogen-filled glove box, a mixture of [Ru]-3 (1.7 mg, 1 mol%), and "hexane
(0.25 mL) was added into a glass tube and stirred at room temperature for 15 minutes.
Methyl oleate (99 uL, 0.3 mmol) and MeOH (0.25 mL) were added successively. The
glass tube was then placed in an autoclave. The autoclave was purged several times
with H2 (5 bar) and finally charged with H2 (50 bar). The reaction mixture was stirred
at 100 °C for 24 h. The autoclave was cooled to room temperature, and the pressure was
carefully released. The solvents were removed sequentially by regulating the vacuum
and temperature. The residue was purified by silica gel chromatography (PE/EA = 10/1)

to give stearyl alcohol as a white solid (75.2 mg, 93%).
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d. The catalytic hydrogenation of sesame oil for longer time

[Ru]-3 (0.003 mmol)

'BUOK (0.012 mmol
Sesameoil + H, ( ), R._OH

MeOH/"hexane (1:1)
89 mg 30 bar 100°C, 72 h R=C15H31,C16H31,C16H33

57 mg

In a nitrogen-filled glove box, a mixture of [Ru]-3 (1.7 mg, 0.003 mmol), '‘BuOK
(1.4 mg, 0.012 mmol), and "hexane (0.25 mL) was added into an ampoule and stirred
at room temperature for 15 minutes. Sesame oil (89 mg,) and MeOH (0.25 mL) were
added successively. The ampoule was then placed in an autoclave. The autoclave was
purged several times with Hz (5 bar) and finally charged to 30 bar Hz. The reaction
mixture was stirred at 100 °C for 72 h. The autoclave was cooled to room temperature,
and the pressure was carefully released. The solvents were removed sequentially by
regulating the vacuum and temperature. The residue was purified by silica gel
chromatography (PE/EA = 10/1) to give the product as a white solid (57 mg) containing
10% hexadecyl alcohol 27% oleyl alcohol and 63% stearyl alcohol. The purity of the

product was confirmed by GC chromatography as shown below (Figure S35):

Stearyl alcohol f
\_

Oleyl alcohol

23 o m oo
-
LE2E2EELEE

150 Hexadecanol E]
1004 \\]
504
04 -

5 [} T ] 9 ] 11 12 13 14 15 16 17 18 19 20 21 22 23

il [min
L3 r.©
b1 ] FID1A
ﬁm[m ¥ MR HNEET (ER) X (50%) L3 f
15. 679 186. 05249 0. 64
16. 864 526. 71751 0. 95
16. 968 1237, 39012 1.04

Figure S35. GC chromatogram of the hydrogenation of sesame oil for longer time
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e. The catalytic hydrogenation of sesame with higher catalyst loading

[Ru]-3 (0.006 mmol)
'BuOK (0.024 mmol)

Sesame oil + H, R._OH
MeOH/"hexane (1:1)
89 mg 30 bar 100°C, 72 h R=C45H31,C16H31,C16H33
57 mg

In a nitrogen-filled glove box, a mixture of [Ru]-3 (3.4 mg, 0.006 mmol), '‘BuOK
(2.8 mg, 0.024 mmol), and "hexane (0.25 mL) was added to an ampoule and stirred at
room temperature for 15 minutes. Sesame oil (89 mg,) and MeOH (0.25 mL) were
added successively. The ampoule was then placed in an autoclave. The autoclave was
purged several times with Hz (5 bar) and finally charged with H2 (30 bar). The reaction
mixture was stirred at 100 °C for 72 h. The autoclave was cooled to room temperature,
and the pressure was carefully released. The solvents were removed sequentially by
regulating the vacuum and temperature. The residue was purified by silica gel
chromatography (PE/EA = 10/1) to afford the product as a white solid (57 mg)
containing 9% hexadecyl alcohol 12% oleyl alcohol and 72% stearyl alcohol. The

purity of the product was confirmed by GC chromatography as shown below (Figure

S36):
FIDLA
a0
150 =
100+ :
350 ¥ Stearyl alcohol
3004 /
= 250
o0 Oleyl alcohol
1501 ::\i
100 Hexadecanol \i :
50 k
B S S L
Bt @ [min
[ 33 p @
L FID1A
ﬁﬁ[z‘nl? K LTk MEET (&R NI (50%) L 3] fHWEL
15. 677 84, 34935 0. 55
16. 859 166, 44302 0. 75
0.

16. 960 641, 50467 82

Figure S36. GC chromatogram of the hydrogenation of sesame oil with higher catalyst loading
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f. Distribution of reaction components in "hexane/methanol

AT
0 ]
MeOH/"hexane (1:1) 2
C47H OMe =
171735 ) rt, 5 min in MeOH in ”hexane !L”hexane layer
0.6 mmol 19% 81% T 1
lb 5 methanol layer

A=

Methy| stearate (178 mg, 0.6 mmol), "hexane (0.5 mL) and methanol (0.5 mL) were
added successively to the sample bottle and stirred for 5 minutes at room temperature.
The mixture was allowed to stand for 10 minutes to stratify the "hexane and methanol.
The "hexane and methanol layers were separated and removed sequentially by
regulating the vacuum and temperature. 144.7 mg (81%) and 32.9 mg (18%) methyl
stearate were distributed in the n-hexane layer and methyl stearate was distributed in

the methanol layer.

Q
H H n .
O/\hO MeOH/"hexane (1:1)  gucoror giycerol
gly?e;'rol rt, 5 min in MeOH in "hexane ‘t’ "hexane layer
9 1!, %= methanol layer
0.6 mmol 95% 5% ‘ +— y

Glycerol (55 mg, 0.2 mmol), "hexane (0.5 mL) and methanol (0.5 mL) were added
successively to the sample bottle and stirred for 5 minutes at room temperature. The
mixture was allowed to stand for 10 minutes to stratify the "hexane and methanol. The
"hexane and methanol layers were separated and removed sequentially by regulating
the vacuum and temperature. 2.5 mg (5%) glycerol was distributed in the "hexane layer

and 52.5 mg (95%) glycerol was distributed in the methanol layer.

_
MeOH/"hexane (1:1 . L=
Corn Oil (1:1) 'C?\;In 8|I_|| + C,?rn oil , |
. n . il
rt, 5 min in Me in "hexane .;:-,.:! Mhexane layer

178 mg 7% 93% e ~— methanol layer
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Corn oil (178 mg), "hexane (0.5 mL) and methanol (0.5 mL) were added successively
to the sample bottle and stirred for 5 minutes at room temperature. The mixture was
allowed to stand for 10 minutes to stratify the "hexane and methanol. The "hexane and
methanol layers were separated and removed sequentially by regulating the vacuum
and temperature. 164 mg (93%) corn oil was distributed in the "hexane layer and 12 mg

(7%) corn oil was distributed in the methanol layer.

Qj>=\,cy
N H —Cy
MeOH/"hexane (1:1
/\RL/ (1) [Ru]-3-H, , [Ru]-3-H,

N c rt, 5 min in MeOH in "nexane
E) 18% 82% "hexane layer
[Ru]-3-H, [ methanol layer
0.03 mmol

[Ru]-3-H2 (16.4 mg, 0.03 mmol), "hexane (3 mL) and methanol (3 mL) were added
to the sample bottle and stirred for 5 minutes at room temperature. The mixture was
allowed to stand for 10 minutes to stratify the "hexane and methanol. The "hexane and
methanol layers were separated and removed sequentially by regulating the vacuum
and temperature. 13.4 mg [Ru]-3-Hz was distributed in the "hexane layer and 3 mg

[Ru]-3-H:2 was distributed in the methanol layer.
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10.Copies for NMR Spectra
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