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Synthesis of CH-SH

Fig. S1 Synthesis of heptakis-(6-mercapto-6-deoxy)-β-cyclodextrin (CD-SH).

Heptakis-(6-mercapto-6-deoxy)-β-cyclodextrin (CD-SH) was synthesized in two steps (Fig. 

S1).

(i) Synthesis of CD-I: β-cyclodextrin (CD) was recrystallized three times in distilled water 

(12.0 g CD, 24 mL water) and vacuum dried at 120 oC for 24 h. Triphenylphosphine (40.1 g, 

153 mmol) and I2 (40.5 g, 160 mmol) were dissolved in dried DMF (120 mL and 40 mL), 

respectively. Subsequently, I2 solution was added dropwise to the triphenylphosphine solution 

under stirring. CD (10.2 g) was added to the dark brown solution. The mixture was then heated 

to 70 oC under a nitrogen atmosphere and stirred for 18 hours. After completed, half of the 

volume of DMF in the reaction system was removed by vacuum distillation. A solution of 

sodium methoxide (17.0 mg, 90 mL) was slowly added to the concentrated reaction mixture 

with cooling in an ice bath, and the pH was adjusted to 9 by NaOH aqueous solution (1.0 M). 

After stirring for another hour, a large amount of yellow solids were produced, and the color of 

the solution was turned to brick red. When the reaction mixture was poured into a large amount 

of methanol (400 mL), more precipitate was formed. The yellow solids were separated by 

filtration, washed with methanol several times until the color of precipitate was white, and dried 

under vacuum to give white solids (CD-I).
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(ii) Synthesis of CD-SH: In a 250-mL three-necked flask with a dropping funnel, CD-I 

(0.965 g) and thiourea (0.301 g) in DMF (10 mL) was placed under a nitrogen atmosphere. The 

reaction mixture was raised to 70 oC and stirred for 19 h. Most DMF was removed by vacuum 

distillation to obtain yellow oily substance. Water (50 mL) and sodium hydroxide (0.26 g) were 

added and then refluxed for 1 h under a nitrogen atmosphere. The reaction solution was cooled 

to room temperature and acidified with KHSO4 solution. The precipitate was separated by 

filtration, washed with distilled water several times, and dried under vacuum below 35 oC for 

several days to obtain white solid powder (CD-SH).
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Optimization of reaction conditions

Table S1 Screening of ligands for the semi-hydrogenation of DPA to E-stilbene

Entry Liganda Conv. (%) E/Z/alkane (%)

1 α-CD-SH >99 68/26/6

2 CD-SH >99 82/7/11

3 γ-CD-SH >99 65/24/11

4 1-octanethiol >99 53/47/0

5 1-dodecanethiol >99 50/48/2

6 1-octadecanethiol >99 53/43/4

Reaction conditions: DPA (1 mmol), NiCl2·6H2O (7 mol%), NaBH4 (4 equiv.), ligand (3 mol%), Mg(OAc)2 

(4 equiv.), CH3OH (0.35 mL), DMF (8 mL), room temperature, 1 h. a α-CD-SH, CD-SH and γ-CD-SH refer 

to heptakis-(6-mercapto-6-deoxy)-α-cyclodextrin, heptakis-(6-mercapto-6-deoxy)-β-cyclodextrin and 

heptakis-(6-mercapto-6-deoxy)-γ-cyclodextrin, respectively.

Table S2 Screening of the amount of CD-SH for the semi-hydrogenation of DPA to E-stilbene

Entry CD-SH (mol%) Conv. (%) E/Z/alkane (%)

1 0 >99 36/54/10

2 1 >99 66/25/9

3 2 >99 78/9/13

4 3 >99 82/7/11

5 4 >99 78/8/14

6 5 >99 77/7/16

Reaction conditions: DPA (1 mmol), NiCl2·6H2O (7 mol%), NaBH4 (4 equiv.), CD-SH, Mg(OAc)2 (4 equiv.), 

CH3OH (0.35 mL), DMF (8 mL), room temperature, 1 h.
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Table S3 Screening of catalyst precursors for the semi-hydrogenation of DPA to E-stilbene

Entry Catalyst precursor Conv. (%) E/Z/alkane (%)

1 NiCl2 >99 82/7/11

2 Ni(OAc)2 >99 80/8/12

3 Ni(C5H7O2)2 >99 76/10/14

4 NiI2 >99 42/54/4

5 Pd(OAc)2 39 0/99/1

6 Co(OAc)2 >99 24/57/19

Reaction conditions: DPA (1 mmol), catalyst precursor (7 mol%), NaBH4 (4 equiv.), CD-SH (3 mol%), 

Mg(OAc)2 (4 equiv.), CH3OH (0.35 mL), DMF (8 mL), room temperature, 1 h.

Table S4 Screening of the amount of NiCl2·6H2O for the semi-hydrogenation of DPA to E-stilbene

Entry Amount of NiCl2·6H2O (mol%) Conv. (%) E/Z/alkane (%)

1 0 0 0/0/0

2 5 >99 69/16/15

3 6 >99 73/14/13

4 7 >99 82/7/11

5 8 >99 75/9/16

Reaction conditions: DPA (1 mmol), NiCl2·6H2O, NaBH4 (4 equiv.), CD-SH (3 mol%), Mg(OAc)2 (4 equiv.), 

CH3OH (0.35 mL), DMF (8 mL), room temperature, 1 h.
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Table S5 Screening of protic solvent for the semi-hydrogenation of DPA to E-stilbene

Entry Protic solvent Conv. (%) E/Z/alkane (%)

1 CH3OH >99 82/7/11

2 C2H5OH >99 64/27/9

3 H2O >99 46/50/4

Reaction conditions: DPA (1 mmol), NiCl2·6H2O (7 mol%), NaBH4 (4 equiv.), CD-SH (3 mol%), Mg(OAc)2 

(4 equiv.), protic solvent (0.35 mL), DMF (8 mL), room temperature, 1 h.

Table S6 Screening of the amount of methanol for the semi-hydrogenation of DPA to E-stilbene

Entry CH3OH volume (mL) Conv. (%) E/Z/alkane (%)

1 0 98 52/36/12

2 0.10 >99 63/29/8

3 0.20 >99 75/15/10

4 0.30 >99 79/8/13

5 0.35 >99 82/7/11

6 0.40 >99 81/5/14

Reaction conditions: DPA (1 mmol), NiCl2·6H2O (7 mol%), NaBH4 (4 equiv.), CD-SH (3 mol%), Mg(OAc)2 

(4 equiv.), CH3OH, DMF (8 mL), room temperature, 1 h.
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Table S7 Screening of solvent for the semi-hydrogenation of DPA to E-stilbene

Entry Solvent Conv. (%) E/Z/alkane (%)

1 DMF >99 82/7/11

2 N,N-dimethylacetamide 

(DMAc)

>99 73/7/20

3 tetrahydrofuran THF 84 48/50/2

4 CH2Cl2 22 72/21/7

5 1,4-dioxane 61 9/87/4

6 acetone 10 32/64/4

7 acetonitrile >99 31/60/9

Reaction conditions: DPA (1 mmol), NiCl2·6H2O (7 mol%), NaBH4 (4 equiv.), CD-SH (3 mol%), Mg(OAc)2 

(4 equiv.), CH3OH (0.35 mL), solvent (8 mL), room temperature, 1 h.

Table S8 Screening of the amount of Mg(OAc)2 for the semi-hydrogenation of DPA to E-stilbene

Entry Mg(OAc)2 (equiv.) Conv. (%) E/Z/alkane (%)

1 0 >99 52/38/10

2 3 >99 74/16/10

3 4 >99 82/7/11

4 5 >99 72/15/13

5 6 >99 71/17/12

Reaction conditions: DPA (1 mmol), NiCl2·6H2O (7 mol%), NaBH4 (4 equiv.), CD-SH (3 mol%), Mg(OAc)2, 

CH3OH (0.35 mL), DMF (8 mL), room temperature, 1 h.
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Table S9 Screening of the amount of NaBH4 for the semi-hydrogenation of DPA to E-stilbene

Entry NaBH4 (equiv.) Conv. (%) E/Z/alkane (%)

1 0 0 0/0/0

2 2 >99 44/49/7

3 3 >99 47/46/7

4 4 >99 82/7/11

5 5 >99 74/11/15

6 NH3BH3 (8 equiv.) 53 28/68/4

Reaction conditions: DPA (1 mmol), NiCl2·6H2O (7 mol%), NaBH4, CD-SH (3 mol%), Mg(OAc)2 (4 equiv.), 

CH3OH (0.35 mL), DMF (8 mL), room temperature, 1 h.
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Table S10 Comparison of TOF for the semihydrogenation of DPA to E-stilbene with different reported 
catalysts

Catalyst Hydrogen source Temp. (oC) TOFa (h-1) Reference

H2 (4.84 bar) 100 6.2 S1

H2 (5 bar) 100 6.1 S2

H2 (10 equiv.) 45 2.2 S3

H2 (1 atm) 150 0.19 S4

NaH 80 2.02 S5

H2 (10 bar) 25 0.71 S6

Cl2Pd(PPh3)2 H2 (1 atm) 25 0.8 S7

H2 (4 atm) 30 4.64 S8
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H2 (1 atm) 60 1.86 S9

Co PtBu2N
N

Cl Cl
NH3BH3 50 2.28 S10

NiI2 H2 (15 bar) 100 0.97 S11

HCOOH 120 0.59 S12

H3PO2 80 8.1 S13

NaBH4 80 1.1 S14

H2 (1 atm) 25 24.0 S15

H2 (30 bar) 60 6.2 S16

H2 (1 atm) 25 9.9 S17

NiCl2·6H2O + CD-SH NaBH4
Room 

temperture
11.8 This work

aTOF = mol of yield E-stilbene/(mol of metal × time)
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Fig. S2 Reusability of CD-SH modified nickel nanocatalyst in the semi-hydrogenation of 

DPA to E-stilbene with sodium borohydride.
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Table S11 Effect of thiols on the Z-to-E isomerization of stilbene.

Entry Catalyst precursor
Solvent Additives

Conv.
(%)

E/alkane
(%)

1 NiCl2·6H2O CH3OH/DMF - 8 63/35

2 NiCl2·6H2O CH3OH/DMF SH 8 80/20

3 NiCl2·6H2O CH3OH/DMF SHHS 31 24/76

4 NiCl2·6H2O CH3OH/DMF
SH

0 0

5 NiCl2·6H2O CH3OH/DMF SH 10 23/77

6 NiCl2·6H2O CH3OH/DMF CH3(CH2)17SH 43 100/0

7 NiCl2·6H2O CH3OH/DMF SH 45 90/10

8 NiCl2·6H2O CH3OH/DMF CD-SH 93 94/6

Reaction conditions: Z-stilbene (1 mmol), NiCl2·6H2O (7 mol%), thiol (3 mol%), CH3OH (0.35 mL), DMF 

(8 mL), NaBH4 (4 equiv.), room temperature, 1 h.
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NMR spectra data of products

1H NMR of monodeuterated trans-stilbene using NaBH4 and CH3OD in CDCl3

1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 7.6 Hz, 4H), 7.37 (t, J = 7.5 Hz, 4H), 7.28 (s, 2H), 7.12 (s, 1H).

1H NMR of monodeuterated trans-stilbene using NaBD4 and CH3OH in CDCl3

1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 7.4 Hz, 4H), 7.37 (t, J = 6.9 Hz, 4H), 7.28 (s, 2H), 7.12 (s, 1H).
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1H NMR of dideuterated trans-stilbene using NaBD4 and CH3OD in CDCl3

1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 7.7 Hz, 4H), 7.36 (s, 4H), 7.29 (s, 2H).

1H NMR of trans-stilbene using NaBH4 and CH3OD in CDCl3

 
1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 7.5 Hz, 4H), 7.39 (t, J = 7.6 Hz, 4H), 7.28 (t, J = 7.4 Hz, 2H), 

7.14 (s, 2H).
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1H NMR of trans-stilbene using NaBD4 and CH3OH in CDCl3

1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 7.7 Hz, 4H), 7.37 (t, J = 7.5 Hz, 4H), 7.28 (d, J = 8.6 Hz, 2H), 

7.12 (s, 2H).

1H NMR of trans-stilbene using NaBD4 and CH3OD in CDCl3

1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 7.4 Hz, 4H), 7.38 (t, J = 7.0 Hz, 4H), 7.28 (dd, J = 6.3, 4.8 Hz, 

2H), 7.13 (d, J = 1.4 Hz, 2H).


