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Ring expansion of a catenane without destruction of the interlocked structure was attained by Diels—Alder reaction followed by ozonolysis.
Annulation by Diels—Alder reaction introduced a C4 fragment onto the ring, and the ozonolysis scissored the resulting double bond to expand
the catenane ring. The annulation—ring scission sequence provides a general approach for changing the connectivity on a catenane ring

without destroying the interlocked structure.

Recent advances in the chemistry of noncovalent bondingenanes, where the connectivity on the ring component is
systems have increased the expectancy for a molecular devic@reserved throughout the transformation. At present, the only
based on interlocked molecules such as rotaxane, catenanesuccessful technique for the modification of an interlocked
and trefoil knott A number of chemical modifications of compound with change of connectivity is the “unlock-lock

the interlocked molecules are often necessary to turn anapproach’®” In this approach, the bond-scission-formation

original molecule into a sophisticated molecular system or process is thermodynamically well-controlled, since one
device. So far, however, only a few simple chemical reactions component is readily released from the other during ring

of interlocked molecules have been reported. Introduction,
redox reactior?, conversiorf, and interconnectidhof the

Credi, A.; Mattersteig, G.; Matthews, O. A.; Raymo, F. M.; Stoddart, J. F.;

functional groups have been reported, especially for cat- Venturi, M.; White, A. J. P.; Williams, D. J1. Org. Chem200Q 65, 1924.

(1) Recent reviews: (a) Chambron, J.-C.; Sauvage, CHem. Eur. J
1998 4, 1362. (b) Nepogodiev, S. A.; Stoddart, JFhem. Re. 1998 98,
1959. (c) Harada, AActa Polym.1998 49, 3. (d) Molecular Catenanes,
Rotaxanes and KngtSauvage, J.-P., Dietrich-Buchecker, C., Eds.; Wiley-
VCH: Weinheim, 1999. (e) Balzani, V.; Credi, A.; Raymo, F. M.; Stoddart,
J. F.Angew. Chem., Int. EQ00Q 39, 3349. (f) Hubin, T. J.; Busch, A. D.
H. Coord. Chem. Re 200Q 200, 5.

(2) (a) Jger, R.; Schmidt, T.; Karbach, D.;"\gtle, F.Synlett1996 723.

(b) Baumann, S.;"ger, R.; Ahuis, F.; Kray, B.; Vatle, F.Liebigs Ann
1997 761.

(3) (a) Balzani, V.; Gmez-Lez, M.; Stoddart, J. FAcc. Chem. Res
1998 31, 405, and references therein. (b) Hamilton, D. G.; Montalti, M.;
Prodi, L.; Fontani, M.; Zanello, P.; Sanders, J. K. ®em. Eur. J200Q
6, 608. (c) Balzani, V.; Credi, A.; Langford, S. J.; Raymo, F. M.; Stoddart,
J. F.; Venturi, M.J. Am. Chem. SoQ00Q 122 3542. (d) Balzani, V.;

10.1021/0l016586r CCC: $20.00
Published on Web 10/09/2001

© 2001 American Chemical Society

(e) Collier, C. P.; Mattersteig, G.; Wong, E. W.; Lio, Y.; Beverly, K,;
Sampaio, J.; Raymo, F. M.; Stoddart, J. F.; Heath, BdRence200Q 289,
1172.

(4) (a) Muscat, D.; Kaler, W.; Raler, H. J.; Martin, K.; Mullins, S.;
Mdller, B.; Greets, Y.Macromoleculed999 32, 1737. (b) Watanabe, N.;
Furusho, Y.; Kihara, N,; Takata, T.; Kinbara, K.; Saigo, ®hem Lett.
1999 915.

(5) (a) Ashton, P. R.; Reader, J. A.; Spencer, N.; Stoddart, J. &m.
Chem. Soc1993 115 5286. (b) Weidmann, J. L.; Kern, J.-M.; Sauvage,
J.-P.; Greets, Y.; Muscat, D.; Man, K. Chem. CommuriL996 1243. (c)
Menzer, S.; White, A. J. P.; Williams, D. J.; Belohradsky, M.; Hamers, C.;
Raymo, F. M.; Shipway, A. N.; Stoddart, J. Macromoleculed998 31,
295. (d) Hamers, C.; Raymo, F. M.; Stoddart, J.Bur. J. Org, Chem
1998 2109.

(6) (@) Cantrill, S. J.; Rowan, S. J.; Stoddart, J(Fg. Lett 1999 1,
1363. (b) Roman, S. J.; Stoddart, J(¢g. Lett 200Q 2, 1913. (c) Furusho,
Y.; Hasegawa, T.; Tsuboi, A.; Kihara, N.; Takata,dhem Lett200Q 18.



Scheme 1

0 HoN o) o]

cl

a) NH HN
+ 2 —_—

cl OH
(o]
3 4 OH 2 OH

Oﬁ\fo
NH HN

@@

02N N02
HOOC COCH Q
s s 0\<° O)\/o
¥ 209 %{ e) s s
S S
02 02 i
S
5 6 3, 7
O O

/N

o
% %

aConditions: (a) BN, CHCl, rt, 95%; (b) NBS, BPO, CHG] reflux, 42%; (c) methyl thioglycolate, BY, THF/MeOH (2/1), 71%; (d)
6 M HCI, 70 °C, 90%; (e) SOGI 50 °C, then 4-nitrophenol, BN, CH,Cl,, rt, 62%; (f) EtN, CHCL, rt, 28%; (g) p-xylylenediamine,
isophthaloyl dichoride, BN, CHCL, rt, 25%; (h) DMF/xylene (1/5), 156C, 36%.

modification without thermodynamic stabilization of the
interlocked structure. A technique allowing modification of

forded bisacidb, which was converted to the corresponding
active ester7. Macrolactam8 was prepared by the 1:1

the size or the shape of a component while also achieving acyclization of bisphenoR and active este under high
change of connectivity is strongly desired to prepare various dilution conditions. Secondary amide groupsSgérovided

interlocked molecule$We need to find a way to prevent

hydrogen bonding sites that can interact with other secondary

the destruction of the interlocked structure during the change amide groups for the construction of the interlocked structure.

of connectivity on the ring component. As a possible solution,

we developed a new protocol, the annulatigimg scission

According to the reported procedurehe cyclization of
isophthaloyl dichloride ang-xylylenediamine in the pres-

sequence, where initial annulation on the ring component to ence of8 afforded [2]catenan@ in 25% yield. Deprotection

introduce a new connectivity is followed by successive

by thermolysis of9 at 150°C gave [2]catenané by the

scission of the original bonding. In this report, we describe elimination of SQ from the sulfolene moiety. Th#d NMR
the successful expansion of a ring component in a [2]catenanespectrum o is more complicated than that f Figure 1

system as a typical example of the annulatioing scission
sequence.

[2]Catenanel bearing a 1,3-diene moiety was designed.
To ensure the high reactivity of the diene, a 2,3-dialkyl-1,3-
diene structure was introduced. The synthetic routé isf
illustrated in Scheme 1. Bisphen@l was prepared from
5-tert-butylisophthaloyl chloride3 and 4-hydroxyphenyl-
methylaminest. Sulfoleneb was derived from 2,3-dimethyl-
1,3-butadiene. The radical bromination ®fwvas followed
by reaction with methyl thioglycolate, and hydrolysis af-
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shows the aromatic region of thel NMR spectra o (a)
and1 (b). All of the signals of ring A i@ were observed as

a pair in a 1:1 area ratio, except for the signalsest-butyl
protons and H(b). This observation clearly suggests that both
sulfolene andert-butylphenyl groups on ring A are too bulky
for ring B to thread (Figure 2a). Since ring B is confined to
within one of the arms of ring A, each arm was placed under
a different environmentert-Butyl protons and H(b) were
observed as singlets because they were located on the
symmetrical axis of ring A. Meanwhile, ring B df could
thread the 1,3-diene group on ring A (Figure 2b). Therefore,
ring B exists on both arms of ring A by circumrotation in
the same probability, and both arms are under the same
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\©~ the circumrotation (b), the sulfolene group ®f(a) and the 4,5-
””gB é disubstituted cyclohexene moiety b (c) are too bulky for ring
NH hHN B to circumrotate.
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o similar to that of10, since10 and12 have similar functional-
o e *(S fing A ity, and the ester groups b2 are bulky enough to prevent
a " COOMe the circumrotation of ring B. Th&C NMR spectra clearly
“GO0Me indicated successful ring expansion, as shown in Figure 3.
o) i NH\“%‘;;N In the transformation fror1to 13, the signal at 120.6 ppm
. rmgB M1 g) observed for the €C double bond ofll disappeared.
NH hHN Instead, a new signal due to the ketone groupgdivas
observed at 201.3 ppm. Similarly, two carbon signals were
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Figure 1. Partial'H NMR spectra of (ap in [dg]DMSO, (b) 1 in a)
CDCls, and (c)10in [dg]DMSO. Asterisk (*) denotes the signals & 4
of the remaining solvents.
Ll |1
environment. A Diels-Alder reaction was carried out without P& .
isolation of the diene intermediateand therd was refluxed b) & 5\&%
with 10 equiv of dimethyl fumarate in 1,2-dichlorobenzene/ i
DMSO (10/1) to give cyclohexane-fused [2]catend@&n a3 '
85% yield (Scheme 2). Since the 4,5-disubstituted cyclo- o "l
hexene moiety was too bulky for ring B to thread (Figure
2c), two sets offH NMR signals of ring A of 10 were ) .
observed, like those @ (Figure 1c).
For comparison, a DietsAlder reaction o8 was similarly
conducted and gave bicyclic compoufd in 83% yield. T HJM I i l
The ozonolysis ofl0 and 11 was carried out in CECly/ N
MeOH (5/1) at—98 °C. After treatment with dimethyl d) 1
sulfide, the crude products were oxidized withCPBA to 72
convert the sulfide groups to sulfone, because the sulfide . ’970! | J ]J] | h |
groups were partially oxidized during the ozonolysis. The ' e . y -
ozonolysis of10 followed by the treatment with dimethyl 2010 T 1;0 T T T

sulfide and then witim-CPBA gave [2]catenan&2 in 40%

yield, while single ring product3 was obtained froni1in Figure 3. 3C NMR spectra of (a1 in CDCh, (b) 13in CDCls

o . . . .
88% yield. Since free ring B was not observed in the reaction (©) 10in [dJDMSO, and (d)12in CDCl/CD,OD (5/2). Asterisk
mixture, the ring-expansion sequence did not destroy the (xy genotes the signals of the remaining solvents.

catenane structure d0. TheH NMR spectrum ofL2 was
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aConditions: (a) dimethyl fumarate, dichlorobenzene, reflux, 85%; ¢)3,Cl,/MeOH (5/1),—98 °C, then MeS, rt; (¢) mCPBA,
CH,Cly, rt, 40% from10; (d) diethyl fumarate, dicholorobenzene/DMSO (10/1), reflux, 84%nt&}PBA. CHCl,, rt, 88% from11

clearly observed at 197.2 and 197.0 ppm in #@ NMR introduced to the catenane ring. This protocol and its

spectrum ofl2. Because of the restricted circumrotation of application are under active development.

ring B of 12, the two ketone groups were actually under

different conditions. Acknowledgment. This work is partially supported by
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of [2]catenane by ring expansion. The results clearly reveal

that the “annulation followed by ring scission” protocol

provides an excellent approach to ring expansion without

destroying the interlocked structure. During the ring-expan-

sion protocol, functional groups and frameworks can be OL016586R
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