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The 2016 Nobel Prize in Chemistry
‘for the design and synthesis of molecular machines”
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Alina L. Nussbaumer, et al. Chem. Rev. 2015, 115, 10081.

FEBE



b
1. B=N4A

DEERLM I EEWEFIR, EH ATPE BB =R R AR 7 TN 5iE, FIH
ZIF(ER, IR ERIMEEYFHIL A/ R T #5 E B BE 2 15 ADPFNREER 4% (L BRATP.

F1

FO




B 5 T4
Nat. Chem. 2018, 10, 625.

J. Am. Chem. Soc. 2013, 135, 17691.

. + 00 9> Gy . 009
00e TTD (0o %%9

Contracted Rotaxanes Extended Rotaxanes

5 FHLA
Acc. Chem. Res. 2014, 47, 2186.

’ ~ &\:
e= Supramolecular Springs
= 4

g lons/Heat/Light/pH/Solvent/Redox
[ =

SFaRE
Angew. Chem. Int. Ed. 2020, 59, 73109.

|
=
o || 1o

RREE S TR

R ,
Energy transfer ) il
Light

aFIHX HEEE 57 F 5k
Angew. Chem. Int. Ed. 2016, 55, 1544. Science 2017, 356, 906.



#otEE) | = s

+ RNFBE_EE () o BREAR
% * IR SRR YLl

Pt } =

v2 N [BICMM!3+ A . [BICMM7+6*
B + - +o
+e 0 g ’
iy e B v e I - o o C r a
;OO T FOOR o e &6 —= & 1 .
A
s Step 1 1

“ Rfowwm gy | g
5 - - B
A 6 &) 00 00 ¢
ER g -6e- 6o 8
1* ’1 w Ste: 4 Step 2 ’1 n

o /= =N\t A = .
______ NC/>—<\:/,\N NQ—@N . : A0
[ ‘20 ot .
N7 | '4—’ = ’6 3 Step 3 2
— = —2e — = 1 +6e-
W N~ , o b

NN
) AN V3 *
1
IPP CBPQT** CBPQT2+*)
[BICMM+6* . A

JACS Au 2023, 3, 1301. Nature 2023, 613, 280.



de B3
1. B=N4A

WS REUR BRI RER: 57 F BiAF AR B S Pk e %
L UERNEBRS, BREEAUSHEES FEEEENRNRD.

Waste Fuel
e = % Y ©O ( S
@ rT

tttttt

2. AR, BEM, EEM, UNSMIE.

Alberto Credi, et al. Chem.Rev. 2020, 120, 200.
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AG* = 25 kcal mol (t,, = 63.2 h, 298.15 K)
VS
AG? = 3-5 kcal mol-! (— &bk B §8)

T. Ross Kelly, et al. Nature 1999, 401, 150.
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(S)-CBS catalyst Allyl bromide

BHgTHF, 25 min K,CO3, DMF, 20 h

Ce(OTf)3, 25 min

Pd(PPh3),
HCOOH, 24 h

p-methoxybenzyl

MnO,, 48 h A chloride, 30 h (S)-CBS catalyst
AllylO OPMB
then NaClO,, 1 h OH BH3-THE,
THF, 7 min
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G. Bringmann, et al. J. Organomet. Chem. 2002, 661, 31.
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AL A,
HE 4% B 2 5 17
2273 5 i
BR(E), &
53l

SLi% . 1bFn1d
7£100 °CHn#k2 h,
HEG BT,
HEHIE

16



2 B BRI AT DR

S5HENENLREIIEE S, KD T DIA360H [EIhess

“M* °
IR ARBRET RN, TRWAFERE PO O L O
f5180° o ] s N N s |
e
O - — T )
S ®
\O /._,E_l _?- } s Station IIl H
(S, M) g ° % °°
O ®
AG* = 37 keal mol*(298.15 K) o | = - e
Q (). _ 7 ()
> <
O ®

Ben L. Feringa, et al. Nature Chem. 2016, 8, 860. 17



55 HAV RS 4 T D3k

LRI D TIRIEDLEE AGH=23.7 keal mol (298.15 K)
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Pd[(R, P)-2]XL Pd[(R, M)-2]XL ) _
C-H activation Reintroduction
of C-H bond

Br

1) Pd(OAc), (1.5 equiv.)
CF3COOH (2.0 equiv.)
1,2-DCE, 80 °C, 22 h

2) LiCl (20 equiv.)
acetone, rt, 4 h

3) dba (2.0 equiv.)
1,2-DCE, rt, 15 min

4) NaBH(OAc); (3.0 equiv.)
rt, 20 min

[Pd(ID)] [Pd(0
P AN PN
(e °

6) NBS (4.0 equiv.)
DCM, rt, 22 h

Reintroduction

Oxidative addition
of C-Br bond

5) PCy; (1.5 equiv.)
THF, 40°C, 20 h

H O IE; -PCy; O S’; PCy;
Pd[(R, M)-3]BrPCy; Pd[(R, P)-3]BrPCys
AG* = 19.8 kcal mol! (298.15 K)

M(S, M)-1: (S, P)-1=50: 1H%s, SER—XhEF:, 152 (S, M)-1:(S,P)-1=1.0:1.3, E/=F19%
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Depeng Zhao,

AG*= 32.6 kcal mol=(433.15 K)

etal. Chem. 2020, 6, 2420.
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EDCI, Et3N, 16 h Pd/C, Hy

(S, M)-M4 (S, P)-M4 (S, R)-M3 (S, R)-M3

AGH=21.9 kcal mol* (298.15 K)
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David, A. Leigh, et al. Nature 2022, 604, 80.
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(S)-4 DMAP (R)-4
68% 50% 32% 68%
DIC 20%
32%
— 5.5 7.5 9.5 5.5 7.5 9.5
L;E;j Retention time (min) Retention time (min) Retenhon t|me m|n)
64% 45% 29% 71%
55%
AL
5.5 7.5 9.5 5.5 7.5 9.5 5.5 7.5 9.5

Retention time (min)

Retention time (min)

Retention time (min)

Fuel Hydrolysis  Ratio (-)-3a: €€ (1)-3a70
catalyst (+)-3a

DIC (S)-4 2.1:1.0 -36%

DIC DMAP 1.0:1.0 0%

DIC (R)-4 1.0:2.1 36%
(R, R)-2 (S)-4 1.8:1.0 -28%
(R, R)-2 DMAP 1.0:1.2 10%
(R, R)-2 (R)-4 1.0:2.4 42%

Racemic (+)-3a was fuelled ([3a] = 2.5 mM, [hydrolysis catalyst] = 2.5 mM, [fuel] =12.5 mM
in MES-buffered (100 mM, pH,, = 5.10) dioxane: H,O (7:3,v/v) at 10 °C. After 48 h the
samples were analysed by chiral HPLC to determine enantio-enrichment.
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©) (5)-2 H-2a: D-2a=19: 81 31
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