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Synthesis of CH-SH

CD-l CD-SH
Fig. Sl Synthesis of heptakis-(6-mercapto-6-deoxy)-B-cyclodextrin (CD-SH).

Heptakis-(6-mercapto-6-deoxy)-B-cyclodextrin (CD-SH) was synthesized in two steps (Fig.
S1).

(i) Synthesis of CD-I: B-cyclodextrin (CD) was recrystallized three times in distilled water
(12.0 g CD, 24 mL water) and vacuum dried at 120 °C for 24 h. Triphenylphosphine (40.1 g,
153 mmol) and I, (40.5 g, 160 mmol) were dissolved in dried DMF (120 mL and 40 mL),
respectively. Subsequently, I, 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 °C 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 °C 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 KHSO, solution. The precipitate was separated by
filtration, washed with distilled water several times, and dried under vacuum below 35 °C 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
Ph NiCl,-6H,0 (7 mol%)

: Ph Ph
/ NaBH,, CD-SH, Mg(OAc), . =/ + /= 4+ /—/

Ph CH;OH-DMF, Room temperature  pp, Ph  Ph Ph
Entry Ligand“ Conv. (%) E/Z/alkane (%)
1 a-CD-SH >99 68/26/6
2 CD-SH >99 82/7/11
3 y-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), NiCl,-6H,0 (7 mol%), NaBH, (4 equiv.), ligand (3 mol%), Mg(OAc),
(4 equiv.), CH;0H (0.35 mL), DMF (8 mL), room temperature, 1 h. ¢ a-CD-SH, CD-SH and y-CD-SH refer
to heptakis-(6-mercapto-6-deoxy)-a-cyclodextrin, heptakis-(6-mercapto-6-deoxy)-p-cyclodextrin  and

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

Table S2 Screening of the amount of CD-SH for the semi-hydrogenation of DPA to E-stilbene
Ph NiCl,-6H,0 (7 mol%)

‘ Ph Ph
/ NaBH,, CD-SH, Mg(OCAc), > =/ + /= + /—/

Ph CH;OH-DMF, Room temperature  pp Ph  Ph Ph
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), NiCl,-6H,0 (7 mol%), NaBH,4 (4 equiv.), CD-SH, Mg(OAc), (4 equiv.),

CH;0H (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

Ph Precursor (7 mol%) Ph

/ NaBH,, CD-SH, Mg(OAc), /:/F’h . = & gt
Ph CH;0H-DMF, Room temperature  pp Ph  Ph Ph
Entry Catalyst precursor Conv. (%) E/Z/alkane (%)

1 NiCl, >99 82/7/11

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

3 Ni(CsH;0,), >99 76/10/14

4 Nil, >99 42/54/4

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

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

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

Mg(OAc);, (4 equiv.), CH;0H (0.35 mL), DMF (8 mL), room temperature, 1 h.

Table S4 Screening of the amount of NiCl,-6H,0 for the semi-hydrogenation of DPA to E-stilbene

Ph NiCl,-6H,0 (x mol%)
/ NaBH,, CD-SH, Mg(OAc), . /=/Ph . = /_/Ph
Ph CH;0H-DMF, Room temperature  p}, Ph  Ph Ph
Entry Amount of NiCl,-6H,0 (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), NiCl,-6H,0, NaBH,4 (4 equiv.), CD-SH (3 mol%), Mg(OAc), (4 equiv.),

CH;0H (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

Ph NiCl,-6H,0 (7 mol%)
/ NaBH,, CD-SH, Mg(OAc), _ /=/F’h . = /_/F’h
Ph CH;OH-DMF, Room temperature  pp, Ph  Ph Ph
Entry Protic solvent Conv. (%) E/Z/alkane (%)
1 CH;OH >99 82/7/11
2 C,HsOH >99 64/27/9
3 H,0 >99 46/50/4

Reaction conditions: DPA (1 mmol), NiCl,-6H,0 (7 mol%), NaBH, (4 equiv.), CD-SH (3 mol%), Mg(OAc),

(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

e .

Ph/ CH;0H-DMF, Room temperatur: P{1=/ ’ P{}=\Ph ' pﬁ_/
Entry CH;O0H 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), NiCl,-6H,0 (7 mol%), NaBH,4 (4 equiv.), CD-SH (3 mol%), Mg(OAc),

(4 equiv.), CH;0H, 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

" Nah, ODLSH. M(OA) Ph 2
Ph/ CH;OH-DMF, Room temperature-; P{1=/ i P{1=\Ph ' pﬁ_/
Entry Solvent Conv. (%) E/Z/alkane (%)

1 DMF >99 82/7/11
2 N, N-dimethylacetamide >99 73/7/20
(DMACc)
3 tetrahydrofuran THF 84 48/50/2
4 CH,Cl, 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), NiCl,-6H,0 (7 mol%), NaBH,4 (4 equiv.), CD-SH (3 mol%), Mg(OAc),

(4 equiv.), CH;0H (0.35 mL), solvent (8 mL), room temperature, 1 h.

Table S8 Screening of the amount of Mg(OAc), for the semi-hydrogenation of DPA to E-stilbene
Ph NiCl,-6H,0 (7 mol%)

% Ph Ph
/ NaBH,, CD-SH, Mg(OAc), L . _ . |

Ph CH;OH-DMF, Room temperature’ Ph Ph  Ph Ph
Entry Mg(OAc), (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), NiCl,-6H,0 (7 mol%), NaBH,4 (4 equiv.), CD-SH (3 mol%), Mg(OAc),,

CH;0H (0.35 mL), DMF (8 mL), room temperature, 1 h.
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Table S9 Screening of the amount of NaBH, for the semi-hydrogenation of DPA to E-stilbene

P NaBh, CDSH. Mg(OAd), Ph 2

Ph/ CH;OH-DMF, Room temperature= P{]=/ i P{1=\Ph ' pﬁ_/
Entry NaBH, (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 NH;BH; (8 equiv.) 53 28/68/4

Reaction conditions: DPA (1 mmol), NiCl,-6H,0 (7 mol%), NaBH,4, CD-SH (3 mol%), Mg(OAc), (4 equiv.),

CH;0H (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. (°C)  TOF¢ (h'!) Reference

=
L)
A AR
N N7 |N
Ga—Rh
N,;f?\z_";\ H, (4.84 bar) 100 6.2 S1
e
—_— 0
Zr.._wﬂlm_.Zr<

Q

"J‘
) H, (5 bar) 100 6.1 S2
(pystren)GaRhX
X = Me, OPh
PPhs
PhsP .. wH .
u H, (10 equiv.) 45 2.2 S3
a” | ~co
PPhj
[ngf;;% H, (1 atm) 150 0.19 S4
N i~
ﬁ oc €O
SiMes
|“‘C P NaH 80 2.02 S5
a )
Ci’Riu €
PCY;;
P
H, (10 bar) 25 0.71 36
\ / COOH
: | @ H, (4 atm) 30 4.64 S8
| PPhy Mes
N,
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N-\—PiPr,
R
HE—i Bty H, (1 atm) 60 1.86 S9
\N P/P
'Pr
Mes/ = ?
=N
<\://(|\;/éo\—pt5u2 NH;BH, 50 2.8 S10
Cl Cl
Nil, H, (15 bar) 100 0.97 S11
tJJ\ el
[N HCOOH 120 0.59 S12
0 Cl
I
Qo
Qw:ﬁﬁ H,PO, 80 8.1 S13
(i-Pr),
P
Ni j NaBH, 80 1.1 S14
P
(i—PI’)z
@&P‘Pr;
MeSi—ti— H, (1 atm) 25 24.0 S15
m, [ €0
( ,’“l"\m H, (30 bar) 60 6.2 S16
R, CO
R='Pr
/'--Flllﬂh2
RZS;;”—CJ H, (1 atm) 25 9.9 S17
R;Si |
\_-PPh,
. Room .
NiCl,-6H,0 + CD-SH NaBH, 11.8 This work
temperture

“TOF = mol of yield E-stilbene/(mol of metal x 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.

Ph Ph CH;0OH-DMF, Room temperatur;

NiCl,-6H,0 (7 mol%)
NaBH,, Thiol

Ph Ph
= & ~
Ph Ph

Entry Catalyst precursor . Conv. E/alkane
Solvent Additives

(%) (%)
1 NiCl,-6H,0 CH;OH/DMF - 8 63/35
2 NiCl-6H,0 CH;OH/DMF @_/SH 8 80/20
3 NiCl'6H,0 CH;0H/DMF y S@ H 31 24/76
4 NiCl,-6H,0 CH;OH/DMF 0 0
5 NiCl,-6H,0 CH;OH/DMF AN SsH 10 23/77
6 NiCl,-6H,0 CH;OH/DMF CH;(CH,),,SH 43 100/0
7 NiCl,-6H,0 CH;OH/DMF SH 45 90/10
8 NiCl,-6H,0 CH;OH/DMF CD-SH 93 94/6

Reaction conditions: Z-stilbene (1 mmol), NiCl,-6H,0 (7 mol%), thiol (3 mol%), CH;0H (0.35 mL), DMF

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

TH NMR of monodeuterated trans-stilbene using NaBH,; and CH;0D in CDCl;

NiCl,6H,0 (7 mol%)

H  Ph
35389888y NaBH,4, CD-SH .
meenseens Ph—==—Ph -

e CH4OD-DMF, Room temperature Ph D
H,0
20
S50
SR TS S— — ; :
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

'H NMR (400 MHz, CDCLy) & 7.53 (d, J = 7.6 Hz, 4H), 7.37 (t, J = 7.5 Hz, 4H), 7.28 (s, 2H), 7.12 (s, 1H).

TH NMR of monodeuterated trans-stilbene using NaBD,4 and CH;0H in CDCl;

NiCl,6H,0 (7 mol%)

D Ph
NaBD,, CD-SH =
Ph—=—Ph - - =
Cr883898 T CH3;OH-DMF, Room temperature Ph H
i
Hgo
,Ulu_. A
8385

AAAAAAA st

'"H NMR (400 MHz, CDCl3) 8 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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TH NMR of dideuterated trans-stilbene using NaBD, and CH;0D in CDCl;

NiCl,-6H50 (7 mol%)
D Ph
NaBD,4, CD-SH
4 =y >_<
CH;0D-DMF, Room temperature Ph D

Hgo d
= N R M
853
......... N R i e e e e e R i
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

'"H NMR (400 MHz, CDCl3) 8 7.53 (d, J = 7.7 Hz, 4H), 7.36 (s, 4H), 7.29 (s, 2H).

TH NMR of trans-stilbene using NaBH, and CH3;0D in CDCl;

NiCl,'6H,0 (7 mol%)

H H H Ph
>=< NaBH,4, CD-SH - >=<

Ph Ph CH;0D-DMF, Room temperature Ph H

?.:cci'\l%'

Sooo

T U R . S N S S Y VR T e A UL VR VSR SRS

95 90 85 B0 75 70 65 60 55 5-?1{4-5] 40 35 30 25 20 15 10 05 00
ppm

'H NMR (400 MHz, CDCls) & 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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TH NMR of trans-stilbene using NaBD, and CH;0H in CDCl;

NiCl,-8H,0 (7 mol%)

= - NaBD,, CD-SH H__Ph
ol

Ph Ph CH;0OH-DMF, Room temperature Ph H

754
752
| 739

/737
1735
L7.27
L7.26
7.12

H,O
= \

4.008
035
05

1

—
[+2]
S

4
2

70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

'"H NMR (400 MHz, CDCl;) & 7.54 (d, J = 7.7 Hz, 4H), 7.37 (t, J = 7.5 Hz, 4H), 7.28 (d, J = 8.6 Hz, 2H),

95 90 85 80 7

7.12 (s, 2H).

TH NMR of trans-stilbene using NaBD, and CH;0D in CDCl;

NiCl,-6H,0 (7 mol%)

H _H NaBD,, CD-SH H; _ iph
*

Ph Ph CH;0OD-DMF, Room temperature Ph H

H,O

! I

70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

95 90 85 80

'"H NMR (400 MHz, CDCl;) & 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).
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