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Supramolecular Catenane Chemistry Based on
Crown Ether Derivatives

Shen, Jianfeng Yu, Xuetao Ye, Yuyuan Chen, Rener”™ Jiang, Huajiang

Zhou, Qizhong™
(Department of Chemistry, Taizhou University, Taizhou 317000)

Abstract Catenanes, as one kind of the basic mechanically interlocked superstructures, have drawn considerable attention
from the scientific community, not only because of their topological importance and unique properties, but also due to their
potential for applications in artificial molecular machines and functional nanomaterials. Template-directed protocols have
facilitated the efficient preparations of various kinds of catenanes. Thereinto, as the first macrocyclic host, crown ether deriva-
tives have been widely used to prepare catenanes. Therefore, the development of supramolecular catenane chemistry based on

crown ether derivatives is systematically addressed.
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Figure 1 Threading of a linear guest through the cavity of a
cyclic host produces a pseudorotaxane: subsequent stopping or

cyclization of the linear component yield a [2]rotaxane or
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Figure 2 Natural macromolecular mechanically interlocked

systems

(a) Graphic representation of catenated circular DNA; (b) crystal structure
of the bacteriophage HK97 capsid chainmail, with the subunits that are
cross-linked into rings colored identically
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Figure 3 A ring-opening-ring-closing metathesis protocol (magic ring synthesis) for the formation of [2]catenane 3
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Figure 4 Translational isomerism in a [3]catenane
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Figure 6 (a) Synthesis of catenane 7 by threefold metathesis reactions of a triptycene-based tris[2]pseudorotaxane 6, and (b) space-

filling representation of the X-ray crystal structure of catenane 7
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Figure 12 (a) Self-assembly of [2]catenane 25 from crown ether 15, pyridyl ligands 22 and 24, and Pd(II) metal ions 23, and (b) cartoon

representation of the assembly process

2270 http://sioc-journal.cn/

© 2012 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2012, 32, 2265~2275



Chinese Journal of Organic Chemistry

REVIEW

GERETM RS R S S R T IR K S
F4).

B R T = M7k 26 AR E S IR
A, ST R M) = R A 28 Fl1 29( K
13).

iR, BMP32C10 L5 IEntkIng £ 41 255 1 5 25 5 T

ROV EE R . K R A2 OV T 2 N 3 P ST o 5
P A 0y RS A FH T 0 4 BIL A BB 45 4. B et AT A
BMP32C10 &M Bk Eaeld, HE/NME 17 43
B 1 58 TE I O T [2]MERE ¢ 30, SRS 1E Grubbs {1l
FUAE R O IA AT i 24 10 1 4% =M /g 6 T I 2] R &
31(K 14).

N +
|
13.7%
: —
N N St ‘
~ + ‘ “ 4 ‘ N
2PFg N i :
= 4
S | \N |
N
+
Br. Br
Ot o) _< >“

N
= /+|

G S S

2PFg B

26 _ ‘ 6 _ |

NS NS

N

N +

= @
B ———
29
29

B 13 ()KL T A /R R TR A5 86 4 [2] R 9% 28 RI[31R )R 29 Je(b)Z 4z 28 il 29 123 [ 70 0 S A 45 )
Figure 13 (a) Synthesis of [2]catenane 28 and [3]catenane 29 based on cryptand/paraquat recognition motif, and (b) space-filling repre-
sentations of the X-ray crystal structures of [2]catenane 28 and [3]catenane 29

B ———

30 4PF;

0 (0] (0]
d Cr@’hw
+ = N
0N ! O\_/:>
2

R
o o=/=
\— .
/\)/@
L= S
N 4PFg

31

Bl 14 JOOBHOE S 21K R 31 LR E IS IR B S R 4l 44
Figure 14 Taco complex template synthesis of a cryptand/paraquat [2]catenane 31 and space-filling representation of the X-ray crystal

structure of [2]catenane 31

Chin. J. Org. Chem. 2012, 32, 2265~2275

© 2012 Chinese Chemical Society & SIOC, CAS

2271

http://sioc-journal.cn/



BHlLE

T, RS Y T BT A AN R =R
LRI 214 34 A1 35(1&] 15). XA 7k il h
BT XHIE-24-78-8 (DB24CS) ) =M /<l 32 FI3ET-XL
[AI2K- 26-7-8 (BMP26CS) — /<l 33, 1XM~ =4
TURETEAG 22 ik b AN ). AR, TR 2 I
MR 2R SR T BN RBESWERS THAE
KIEE R 25 5. INIX ARG S AR E5 R T LR B, /I
B 1T ALT- BRI IE I =M 7R 1) 23 s I
TR BEE . X Ak 9Y = L T I R A
Iy T AR T IRAL. A A A X A BRI % ] LAk
PEPERI T SR R R I

Minor structure modification
of cryptands

Differences in the configuration
of relative catenanes

6 ETHtERITEMHRE

RIEMTHE I T4, WA
AR AT IRS). AR, XA R T XA L SE I R e
SERIAE AR RPN . e, Stoddart BEFSUZH LK
LG RIGIE A KA 2L T . AT AT AR K
IR 7N ST I 3R L 40 K T = SR £, T3 21 [2]
RIGE 38 R AT A . AR, XRKE RS
TE AL R AR IK B)) I 4 T LA B, ARk T —2R k%
AT SR> TR, BT VUGB & BLI6 3E & T,
Fr LA s A7 T 387 37 I s N (B 16). BRIk, Mt i

34 Huge changes

in packing modes

B 15 WA= USE T I[21R )& 34 F1 35 (AL 2E 40 . RS DL B S PR HME AR A )
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