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The translational isomerizations of nine [2]catenarzs1() containing an electron-rich dibenzo-34-
crown-10 ether (BPP34C10) interlocked with rings containing an unsymmetric 4-substituted (chloro,
ethyl, or hexyl) resorcinol-based tether linking two electron-deficient dipyridyl groups have been studied
by variable temperature (VIEH NMR spectroscopy. The second symmetric tether between the dipyridyl
groups was a large 5-(#rt-butylphenyl)-1,3-xylyl (catenane®—4), a narrower 1,3-xylyl (catenanes
5-7), or a narrow 1,4-xylyl (catenane®-10) group. The presence of the unsymmetrically placed
substituent on the resorcinol tether substantially affected the binding energy of the BPP34C10 ring when
mt-stacked over either of the dipyridyl groups; the equilibrium constant between the bistable states was
found to range from 1.5 to 3.5. The origin of these energy differences is postulated to stem from an
unsymmetric twisting of the resorcinol tether to minimize interaction between the 4-substituent and the
ethoxy group at the 3-position. The activation barriers for passage over the 4-substituted resorcinol-
based tether were 12.5, 13, and 15 kcal/mol for the chloro, ethyl, and hexyl substituents, respectively.

Introduction affinity at the bistable sites and the energy barrier as one ring
passes along a nonbinding tether between the binding sites on
Bistable [2]catenanes comprising an electron-rich BPP34C10a second ring can provide valuable insights into nonbonding
ring mechanically interlocked with electron-deficient tethered interactions as well as path selection in reactions or intercon-
bis(dipyridinium) rings have developed as important platforms versions® For isomerizations in bistable catenanes, direct
to study noncovalent interactions, molecular motion, and interactions between the tethering groups and the binding site
molecular switching: 3 Stoddart has established an ability to  could cause perturbations in the binding ability of one isomer,
favor one binding isomer in [2]catenanes containing different causing one isomer to become more or less stable than the other
m-electron-rich rings that have different degrees of affinity for isomer. We would like to isolate and minimize the effect of
m-electron-deficient 4,4dipyridyls# We were particularly in- changes in the structure of the tether on binding affinities and
terested in understanding how changes in the tethering groupsthus be able to focus on the effects of changing the nature of
control the rate, path, and extent of translational equilibria in the tether on the passage of the second ring along this tether.
such [2]catenanés® Information regarding the relative binding  In previous work, we established the barrier for migration of a
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FIGURE 1. Resorcinol-based [2]catenanes.
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versions can take place along either the resorcinol-based tether
or the narrower 1,3-xylyl (catenané&s-7) or 1,4-xylyl (cat-
enanes8—10) tethers.

Results and Discussion

In an attempt to isolate 4-resorcinol substituents from the
BPP34C10 group while docked at either of the dipyridinium
groups, we included synthetically accessible ethyl spacers
between the resorcinol ring and the dipyridinium groups. The
preparation of the 4-substituted resorcinol derivatives of 1,3-
bis(2-(4,4-dipyridinium)ethoxy)benzene dihexafluorophosphates

BPP34C10 ring over the resorcinol-based tether in [2]catenanel7—19 is summarized in Scheme>Z. All three resorcinol

1 at 13 kcal/mol (Figure 13.In this current report, we examine

analogues, 4-chlorobenzene-1,3-diol, 4-ethylbenzene-1,3-diol,

the effect of remote, unsymmetrically located substituents on and 4n-hexylbenzene-1,3-diol, were commercially available and
the 4-position of a resorcinol ring on the activation barrier and used without further purification. Deprotonation with sodium
equilibrium constant for the migration of the BPP34C10 ring hydroxide in ethanol/water followed by substitution using
from one dipyridyl station to the other along the resorcinol tether 2-chloroethanol converted these starting materials to 1,3-bis-

in [2]catenane®—4 where the substituted xylyl-based tether

(2-hydroxyethoxy)-4-chlorobenzentl), bis(2-hydroxyethoxy)-

blocks passage of the crown ether (Figure 1). Comparisons are4-ethylbenzenel?), and bis(2-hydroxyethoxy)-A-hexylben-

made with [2]catenan€s—10 in which translational intercon-

(1) (a) Balzani, V.; Credi, A.; Venturi, M. IrStimulating Concepts in
Chemistry Vogtle, F., Stoddart, J. F., Shibasaki, M., Eds.; Wiley-VCH
Publishers: Weinheim, Germany, 2000; pp 2266. (b) Balzani, V.; Credi,
A.; Venturi, M. In Supramolecular Science: Where It Is and Where It Is

Going Unargo, R., Dalcanale, E., Eds.; Kluwer Academic Publishers:

Dordrecht, The Netherlands, 1999; pp22. (c) Collin, J.-P.; Kern, J.-M.;
Raehm, L.; Sauvage, J.-P.Mblecular Switches~eringa, B. L., Ed.; Wiley-
VCH Publishers: Weinheim, Germany, 2001; pp 2280. (d) Raymo, F.
M.; Stoddart, J. F. IMolecular SwitchesFeringa, B. L., Ed.; Wiley-VCH
Publishers: Weinheim, Germany, 2001; pp 2248. (e) Delonno, E.;
Tseng, H.-R.; Harvey, D. D.; Stoddart, J. F.; Heath, JJ.R®Rhys. Chem. B
2006 110, 7609-7612. (f) Dichtel, W. R.; Heath, J. R.; Stoddart, J. F.
Philos. Trans. R. Soc. London, Ser2807, 365 1605-1625.

(2) (a) Balzani, V.; Credi, A.; Raymo, F. M.; Stoddart, J. Angew.
Chem, Int. Ed.200Q 39, 3348-3391. (b) Balzani, V.; Credi, A.; Venturi,
M. Molecular Devices and Machines: A Journey into the Nano Wprld
Wiley-VCH: Weinheim, Germany, 2003. (c) Huang, T. J.; Brough, B.;
Ho, C.-M.; Liu, Y.; Flood, A. H.; Bonvallet, P. A.; Tseng, H.-R.; Stoddart,
J. F.; Baller, M.; Magonov, SAppl. Phys. Lett2004 85, 5391-5393. (d)
Hernndez, J. V.; Kay, E. R.; Leigh, D. Acience2004 306, 1532-1537.
(e) Leigh, D. A;; Wong, J. K. Y.; Dehez, F.; Zerbetto, Rature 2003
424, 174-179.
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zene (3) in 72—81% yields. In each case, thd NMR spectra

of diols 11-13 exhibited different chemical shifts for the
methylene hydrogen atoms on the hydroxyethyl arms proximal
and distal to the 4-substituent on resorcinol. Bromination of the

(3) (a) Brunsveld, L.; Folmer, B. J. B.; Meijer, E. W.; Sijbesma, R. P.
Chem. Re. 2001, 101, 4071-4097. (b) Keizer, H. M.; Sijbesma, R. P.
Chem. Soc. Re 2005 34, 226-234.

(4) (a) Amabilino, D. B.; Anelli, P. L.; Ashton, P. R.; Brown, G. R,;
Cordova, E.; Godinez, L. A.; Hayes, W.; Kaifer, A. E.; Philip, D.; Slawin,
A. M. Z.; Spencer, N.; Stoddart, J. F.; Tolley, M. S.; Williams, DJJAm.
Chem. So0c1995 117, 11142-11170. (b) Anelli, P. L.; Ashton, P. R;
Balardini, R.; Delgado, M.; Gandolfi, M. T.; Goodnow, T. T.; Kaifer, A.
E.; Philip, D.; Pietraszkiewicz, M.; Prodi, L.; Reddington, M. V.; Slawin,
A. M. Z.; Spencer, N.; Stoddart, J. F.; Christina, V.; Williams, DJ.JAm.
Chem. Soc1992 114, 193-218.

(5) Halterman, R. L.; Martyn, D. E.; Pan, X.; Ha, D. B.; Frow, M.;
Haessig, K.Org. Lett.2006 8, 2119-2121.

(6) Halterman, R. L.; Pan, X.; Martyn, D. E.; Moore, J. L.; Long, A. T.
J. Org. Chem2007, 72, 6454-6458.

(7) Yang, Y.; Escobedo, J. O.; Wong, A.; Schowalter, C. M.; Touchy,
M. C.; Jiao, L.; Crowe, W. E.; Fronczek, F. R.; Strongin, R. }M.0rg.
Chem.2005 70, 6907-6912.
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hydroxy groups was effectively performed using an in situ
generated PJPBr*Br- reagent to form bis(2-bromoethoxy)
derivatives 14—16 in 45-99% yield> Treatment of these
dibromides with 4 equiv of 4;4dipyridyl followed by exchange

of the bromide to hexafluorophosphate salt provided bis-
(dipyridyls) 17—19 in 77—96% yield. The twofold excess of
4,4-dipyridyl seemed sufficient to favor quarternization of only
one nitrogen in each 4lipyridyl group, perhaps owing to the
decreased nucleophilicity of the second nitrogen in the initially
formed monocationic 4,4ipyridiniums.

In each case, théH NMR spectra of dipyridyls17—19
exhibited five or six signals for the 4;dlipyridinium hydrogen
atoms. Nonequivalence due to the influence of the 4-resorcinol
substituent was most often observed for the hydrogetosthe
cationic nitrogen atom. Also in each compound the ethanolic
—CH,NT signals were differentiated bo 0.04—0.05 ppm,
while the—CH,0O— signals were co-incident. Mass spectral data
of the dipyridyl salts17—19 provided readily identifiable
[MPFg]* and [MP?* signals.

The synthesis of [2]catenanez—10 was accomplished
according to established three-component procedufgter
dissolution of 1 equiv of dipyridyl-substituted resorcinol deriva-
tives17—19and 3 equiv of BPP34C10 in acetonitrile, 1.2 equiv
of the a,a'-dibromoxylene tethers4-tert-butylphenyl-substi-
tuted20,>8 1,3-di(bromomethyl)benzene, or 1,4-di(bromomethyl)-
benzene-was added as illustrated in Scheme 2. Within 20 min,
evidence for formation of red-stacked complexes appeared.

These reaction mixtures were stirred at room temperature for

3—4 days under a nitrogen atmosphere to enable complete . L
n Presence of two isomers, but rather than the anticipated 1:1

consumption of the starting material. By the end of the reactio
time, the solutions had turned a deep red color and a yellow
precipitate had separated out. After removing the solvent by
rotary evaporation, these crude catenane products were purifie
by preparative Si@thin layer chromatography. It was noted
that, while the commonly used solvent mixture (7:2:130H/2

M NH4CI/CH3NO,) did elute the tetracationic [2]catenane,
presumably a pseudorotaxane impurity coeluted. By initially
eluting the plate with a 1:1 methanol/ethyl acetate mixture at
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second elution of the plate with the 7:2:1 solvent mixture moved
the desired [2]catenane to the center of the plate. The product
was washed from the silica gel using the 7:2:1 solvent mixture,
NH4PFs was added, and the nonaqueous solvents were removed
by rotary evaporation. The resulting solid was separated by
filtration, washed with water, dried, and examined by NMR
spectroscopy. If the purity of the sample was not at the desired
level, the preparative TLC purification was repeated. No
differences were noted when the hexafluorophosphate salts were
chromatographed.

Evidence for the formation of the targeted [2]catenanes was
provided by mass spectroscopy. For each of the cate2aried
diagnostic signals were seen for the (MZPF, (MPR;)2*,
(MPF)3*, (M)3, and (M} ions (M being the tetracationic
[2]catenane without counteranions). In all cases, the bistable
[2]catenanes2—10 were translationally mobile at ambient
temperatures, generally exhibiting fast exchange in tHdir
NMR spectra at or above room temperature. Evidence for the
alkylation of the dipyridyl groups was seen in the disappearance
of signals arising from the bromomethyl groups and the
appearance of signals near 6.1 ppm for the xylyl methylenes
attached to a cationic pyridinium nitrogen atom. The ratio of
signals arising from the methylene hydrogens in BPP34C10
(3.6—3.9 ppm) with dipyridyl signals (29.5 ppm) was evidence
for the formation of [2]catenanes. At this temperature, the signals
for the aromatic hydrogens in BPP34C10 were not observed
due to intermediate exchange. For most of the new [2]catenanes,
two of the four sets of hydrogen atonesto the pyridinium
nitrogen atom were clearly separated while the other two sets
were co-incident or nearly overlapping<9.5 ppm). The signals
for the four sets of hydrogen atorfito the pyridinium nitrogen
atoms were typically all separated<8.5 ppm). The signals
for the two xylyl methylene groupsproximal and distatto
the 4-resorcinol substituent were also separated in each of the
catenanes (ca. 6.1 ppm). Thus, the effect of the 4-substituent
on the resorcinol ring was felt over a remarkably long distance
for the shielding effects to be due to any direct shielding
changes. Rather, these chemical shift differences point toward
a difference in the populations of BPP34C10 binding to the two
dipyridyl groups. If one dipyridyl is preferentially-stacked
with BPP34C10, differences in the shifts of hydrogen atoms
mentioned above could be rationalized. The variable temperature
(VT) NMR results discussed below support this explanation.

Low-temperature!H NMR spectra were acquired for the
catenane2—10. In each case, the spectra clearly indicated the

ratios, the ratios of these isomers were 1.5:1 to 3.5:1. Evidently
the remote 4-substituent on the resorcinol ring still strongly

dnfluenced the binding affinity of the BPP34C10 ring to the

two dipyridinium groups. lllustrative high- and low-temperature
NMR spectra are shown in Figure 2 for 4-chlororesorcinol-
derived catenang. Complete VT NMR spectra for catenanes
2—10are included in the Supporting Information. An indication
as to a possible origin for the long-range effect of the

50 °C, the pseudorotaxanes could dethread and the relatively4-Substituent on the binding affinities can be seen by examining

less polar BPP34C10 could move to the top of the glateus

the chemical shift of the hydrogen atom at the 2-position of

prevented from rethreading to re-form pseudorotaxanes whereresorcinol. In catenarig w_here the substituent on tht_e 4-position
the cationic dipyridinium groups are shielded by the crown ether, Was @ hydrogen atom, this catenane was symmetric, and at low-
the noncatenated material remained near the baseline when d€mperature, H-2 remained one signal as expected for an atom

(8) Muller, W.; Lowe, D. A.; Neijt, H.; Urwyler, S.; Herrling, P. L.;
Blaser, D.; Seebach, DHelv. Chim. Actal992 75, 855-864.

on an axis of symmetry. Surprisingly, H-2 [H(B) in Figure 2
for catenan@] split into two signals at low temperature in each
of the catenane®—10. While we anticipated that the chemical
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FIGURE 2. H NMR spectra of catenarat 293 and 213 K.

shift environment for H-2 should be similar with the BPP34C10 the lower barrier presented by the substituted resorcinol tether
ring docked at either dipyridyl group, these spectra indicated (12.5-15 kcal/mol). In the catenanes with unsubstituted 1,3-
that H-2 is not in a pseudo-symmetrical environment. Some or 1,4-xylyl tethers, migration would be energetically similar
qualitative insight into the origins of the chemical shift over the resorcinol or xylyl tethers (¥112.5 kcal/mol). The
differences could be obtained by looking at AM1 energy- 4-hexyl substituent appeared to provide a higher barrier for

minimized structures for the macrocycle2nThe conformation interconversion than either the smaller and conformationally less
depicted in Figure 3a with the expected symmetrical placement mobile 4-chloro or 4-ethyl substituents.
of H-2 was found to be a local energy minimum. A lower- Given our design objectives to isolate the 4-resorcinol

energy minimum has the twisted structure shown in Figure 3b substituent from interacting directly with BPP34C10 in low-
in which H-2 is angled toward one of the dipyridyl groups. In  energyr—s-stacked isomeric forms, we were surprised by the
this nonsymmetrical placement, it is understandable that the1.5:1 up to 3.5:1 ratios of bistable catenane states at low
chemical shift of H-2 with the BPP34C10 docked to the two temperature. Despite significant 2D NMR correlation efforts,
different dipyridyl groups could give different chemical shifts we do not know which conformation is favored at equilibritrm
at slow exchange. The twisting apparent in this conformation whether the BPP34C10 is preferentially over the dipyridyl
minimizes interactions between the 4-substituent and the ethoxygroups proximal or distal to the 4-resorcinol substituent. The
tether. ratios were insensitive to changes in the NMR solvent from
From the VT NMR spectra, we could extract the energy chloroform to either acetone or acetonitrile. We do note that
parameters for the translational interconversions in catenaneghe signal for H-2 on the resorcinol tether shifted the minor
2—10, and these are summarized in Table 1. We had previously component further downfield in each of the catenates0. If
established that in catenahenigration over the resorcinol tether  this relative shift is a consistent indicator, then the preferred
required 13 kcal/mol, and migration over the 5téft-butylphe- isomeric forms would be the same in each case. The energy
nyl)-1,3-xylyl tether required in excess of 18 kcal/mol. Thus, differences in these translational isomers range from 0.2 to 0.6
in catenane®, 5, and8, migration should only take place over kcal/mol. The origin of the energetic inequality in the twe -

7844 J. Org. Chem.Vol. 72, No. 21, 2007
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FIGURE 3. Energy-minimized structures: (a) energy minimum with symmetric structure (991.6 kcal/mol by AM1); (b) energy minimum with

twisted structure (990.4 kcal/mol by AM1).

TABLE 1. Energy Parameters for Conformational
Interconversions in 2—-10

resorcinol xylyl AG*HardRetumn
catenane tether tether Keq  (kcal/mol)

2 4-chloro  tert-butylphenyl-1.3-xylyl 2.5:1 12.5

3 1,3-xylyl 31 12

4 1,4-xylyl 2:1 11

5 4-ethyl tert-butylphenyl-1.3-xylyl 2.5:1 13

6 1,3-xylyl 251 12.5

7 1,4-xylyl 151 11

8 4-hexyl tert-butylphenyl-1.3-xylyl  3.5:1 15

9 1,3-xylyl 251 125
10 1,4-xylyl 151 11

stacked translational isomers may stem from the low-energy
twisted conformation of the dipyridyl macrocycle depicted in
Figure 3b. This twisting of the resorcinol ring may either render
one set of dipyridyls less able tostack the BPP34C10 or allow

between the 4-resorcinol substituent and the 3-ethoxy tether,
the ground-state isomer energy differences ranged from 1.5:1
to 3.5:1 in catenane2—10. A better understanding of this
interesting gearing effect will likely be possible only through
additional studies on related structures. The larger 4-hexyl
substituent did also provide a higher barrier for interconverting
the conformations than did the 4-chloro or 4-ethyl substituents.

Experimental Details

1,3-Bis(2-hydroxyethoxy)-4-chlorobenzene (115odium hy-
droxide (8.30 g, 207.54 mmol) was dissolved in a solution of ethanol
(150 mL) and water (20 mL). To this solution was added
4-chlorobenzene-1,3-diol (10.00 g, 69.18 mmol) previously dis-
solved in ethanol (25 mL), creating a dark red solution that was
allowed to stir for 10 min. 2-Chloroethanol (16.71 g, 207.54 mmol)
was added to the stirring solution after which the entirety was
refluxed 3 days. Precipitate formed in the reaction vessel, and the

some direct interactions between the 4-resorcinol Substituentso|ution became ruby red in color. After Cooling to room temper-

and the BPP34C10 ring. Attempts to help rationalize a-0.2
0.6 kcal/mol energy difference in these large-s-stacked
translational isomers by semiempirical calculations were not
conclusive. Although the origin for the energy difference

ature, the solvent was removed in vacuo, leaving a red solid that
was dissolved in EtOAc (100 mL) and washed with water (100
mL). The water was extracted twice more with EtOAc (30 mL).
After combining, the organic fractions were washed with brine (50

between the translational isomers stems from the 4-substituent™L) and dried over MgS© Flash chromatography using diethyl

on the resorcinol ring, the mechanism for transferring this
perturbation to binding energies inm@a-z-stacked tetracationic
salt is yet to be established.

Conclusion

[2]Catenane2—10 were prepared containing one ring with
a 4-substituted resorcinol tether linking two dipyridyl groups

and a second BPP34C10 interlocked ring. The remote 4-sub-

stituent was intended to cause differences in the activation
barriers for interconverting twaor—s-stacked translational

isomers but not in the ground state equilibrium constants.
Perhaps due to twisting induced to minimize interactions

ether provided 12.72 g (79% yield) of pure materid NMR
(CDCl;, 300 MHz) 6 7.24 (d,J = 8.7 Hz, 1H), 6.71 (d) = 2.7
Hz, 1H), 6.53 (ddJ = 8.7, 2.7 Hz, 1H), 4.14 (s, 2H), 4.06 (s, 2H),
4.00-3.96 (m, 2H), 3.90 (mJ = 4.7, 2.8 Hz, 2H), 3.85 (M) =
4.7, 2.8 Hz, 1H)*3C NMR (CDCk, 75 MHz) 6 161.1, 157.1, 131.8,
115.6, 108.5, 103.4, 72.6, 72.0, 62.24, 62.17; MS (&l 255.7
(MNa*), 232.0 (M") (C10H13ClO,4 requires 232.7).
1,3-Bis(2-hydroxyethoxy)-4-ethylbenzene (12)Sodium hy-
droxide (4.34 g, 108.6 mmol) was dissolved in a solution of ethanol
(30 mL) and water (5 mL). To this solution was added 4-ethyl-
benzene-1,3-diol (5.00 g, 36.19 mmol) previously dissolved in
ethanol (15 mL), creating a dark red solution that was allowed to
stir for 10 min. 2-Chloroethanol (8.74 g, 108.6 mmol) was added
to the stirring solution after which the entirety was refluxed 3 days.

J. Org. ChemVol. 72, No. 21, 2007 7845
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Precipitate formed in the reaction vessel, and the solution became—10°C. Br, (7.69 g, 5.5 mmol) dissolved in G&N (10 mL) was
ruby red in color. After cooling to room temperature, the solvent slowly added to the stirring PRmixture so as not to exceed’C.
was removed in vacuo, leaving a red solid that was dissolved in The mixture was allowed to warm to room temperature after the
EtOAc (50 mL) and washed with water (100 mL). The water was addition was complete. 1,3-Bis(2-hydroxyethoxyj-fexylbenzene
extracted twice more with EtOAc (30 mL). After combining, the (13) (5.24 g, 48.1 mmol) dissolved in GBN (10 mL) was added
organic fractions were washed with brine (50 mL) and dried over to the mixture and allowed to stir overnight. Solvent was removed
MgSQ.. Flash chromatography using diethyl ether provided 6.6 g in vacuo, and the crude product was purified via column chroma-
(81% yield) of pure materiallH NMR (CDClz, 300 MHz)¢ 7.00 tography using ChLCl, to elute. The product was obtained in 99%
(d,J = 8.2 Hz, 1H), 6.53 (dJ = 2.4 Hz, 1H), 6.44 (ddJ = 8.2, yield (7.9 g), and analysis by NMR showed it to be pule:NMR
2.4 Hz, 1H), 4.074.00 (m, 6H), 3.93-3.82 (m, 4H), 2.56 (o) = (CDCls, 300 MHz) 6 7.04 (d,J = 6.1 Hz, 1H), 6.46-6.41 (m,
7.5 Hz, 2H), 1.12 (tJ) = 7.5, 3H);13C NMR (CDCk, 75 MHz) 6 2H), 4.26 (m,J = 6.1 Hz, 4H), 3.66 (mJ = 6.1 Hz, 2H), 3.63 (m,
160.3, 159.3, 130.8, 126.5, 106.9, 101.5, 71.5, 71.4, 62.40, 62.37,J = 6.2 Hz, 2H), 2.56 (m, 2H), 1.621.50 (m, 2H), 1.37#1.29
24.2, 16.0; MS (El)m/'z 226.2 (M'), 211.2, 183.2, 149.1, 139.1, (m, 6H), 0.93-0.86 (m, 3H); MS (El)mVz 407.9 (M"), 346.0
123.1; (El)m/z 249.1 (MNa) (C12H1604 requires 226.3). (C16H240,Br; requires 408.2).
1,3-Bis(2-hydroxyethoxy)-4n-hexylbenzene (13)Sodium hy- 1,3-Bis(2-(4,4dipyridinium)ethoxy)-4-chlorobenzene dihexaflu-
droxide (4.73 g, 118 mmol) was dissolved in a solution of ethanol orophosphate (17)1,3-Bis(2-bromoethoxy)-4-chlorobenzeriel)
(50 mL) and water (15 mL). To this solution was addea-4-  (3.99 g, 11.20 mmol) and 4,4-dipyridyl (7.00 g, 44.82 mmol) were
hexylbenzene-1,3-diol (7.66 g, 39 mmol) previously dissolved in added to 40 mL of CBCN. This solution was stirred at 7 for
ethanol (15 mL), creating a dark red solution that was allowed to 2 days during which a yellow solid precipitated onto the sides of
stir for 10 min. 2-Chloroethanol (9.52 g, 7.93 mL, 118 mmol) was the flask. After cooling to room temperature, the solvent was
added to the stirring solution after which the entirety was refluxed decanted with residual solvent being removed in vacuo, leaving a
4 days. Precipitate formed in the reaction vessel, and the solutiondark yellow solid. Water was added, and upon heating, the solid
became ruby red in color. After cooling to room temperature, the dissolved, producing a yellow solution. Addition of MPF; (6 g,
solvent was removed in vacuo, leaving a red solid that was dissolved33.6 mmol) produced a yellow oil which was isolated and washed
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in EtOAc (50 mL) and washed with water (100 mL). The water
was extracted twice more with EtOAc (30 mL). After combining,
the organic fractions were washed with brine (50 mL) and dried
over MgSQ. Flash chromatography using diethyl ether provided
10.0 g (72% yield) of pure materiatH NMR (CDCls, 300 MHz)
0 7.02 (d,J = 8.3 Hz, 1H), 6.48-6.42 (m, 2H), 4.04 (m) = 8.3
Hz, 4H), 3.94 (m,J = 8.3 Hz, 4H), 2.54 (m, 2H), 2.31 (br s, 2H),
1.58-1.47 (m, 2H), 1.351.25 (m, 7H), 0.88 (m, 3H)}3C NMR
(C3D6O, 75 MHZ)6 160.3, 159.4, 131.6, 125.1, 106.9, 101.5, 71.5,
71.4, 62.4, 62.4, 33.5, 31.9, 31.1, 24.3, 15.4; MS (Bl 282.1
(M), 211.1, 149.1, 121.2 (@H604 requires 282.4).
1,3-Bis(2-bromoethoxy)-4-chlorobenzene (14PPh (41.64 g,
158.7 mmol) was added to GEN (200 mL) and cooled to
—10°C. Br; (25.36 g, 158.7 mmol) dissolved in GEIN (30 mL)
was slowly added to the stirring PPmixture so as not to exceed
0 °C. The mixture was allowed to warm to room temperature after
the addition was complete. 1,3-Bis(2-hydroxyethoxy)-4-chloroben-
zene (1) (15.77 g, 69.00 mmol) dissolved in GEIN (30 mL) was
added to the mixture and allowed to stir for 2 h. Solvent was
removed in vacuo, and the crude product was purified via column
chromatography using Gl to elute. The product was obtained
in 45% yield (25.6 g), and analysis by NMR showed it to be pure:
IH NMR (CDCl;, 300 MHz)6 7.26 (d,J = 8.7 Hz, 1H), 6.54 (d,
J= 2.7 Hz, 1H), 6.47 (ddJ = 8.7, 2.7 Hz, 1H), 4.31 () = 6.5
Hz, 2H), 4.26 (tJ = 6.1 Hz, 2H), 3.66 (ddJ = 6.5 Hz, 2H), 3.64
(dd, J = 6.5 Hz, 2H); MS (El)nvz 384.9 (MN&), 357.9 (M),
277.1 (Mt — Br) (Cy0H11Br2CIO;, requires 358.5).
1,3-Bis(2-bromoethoxy)-4-ethylbenzene (15PPh (21.84 g,
83.24 mmol) was added to GEN (100 mL) and cooled to
—10°C. Br, (13.30 g, 83.24 mmol) dissolved in GEN (20 mL)
was slowly added to the stirring PPmixture so as not to exceed
0 °C. The mixture was allowed to warm to room temperature after
the addition was complete. 1,3-Bis(2-hydroxyethoxy)-4-ethylben-
zene (2) (8.04 g, 36.14 mmol) dissolved in GAN (20 mL) was
added to the mixture and allowed to stir for 5 h. Solvent was
removed in vacuo, and the crude product was purified via column
chromatography using GEl, to elute. The product was obtained
in 95% yield (12.1 g), and analysis by NMR showed it to be pure:
1H NMR (CDCls, 300 MHz)6 7.06 (d,J = 8.5 Hz, 1H), 6.45 (dd,
J=8.4,2.2 Hz, 1H), 6.42 (s, 1H), 4.27 (= 6.1 Hz, 4H), 3.67
(m,J = 6.1 Hz, 2H), 3.62 (mJ = 6.1 Hz, 2H), 2.61 (gJ = 7.5
Hz, 2H), 1.18 (t,J = 7.5 Hz, 3H); MS (El)m/z 352.0 (M)
(C12H1602Br; requires 352.1).
1,3-Bis(2-bromoethoxy)-4n-hexylbenzene (16)PPh (12.63 g,
48.1 mmol) was added to GEBN (100 mL) and cooled to
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with CHCI; (3 x 20 mL) to remove impurities, leaving the same
yellow oil which was then dissolved in GBN and dried with
MgSQ,. Removal of the solvent in vacuo left 6.9 g (77%) of yellow
solid: IH NMR (CDClz, 300 MHz)6 9.35 (m,J = 6.0 Hz, 4H),
8.89 (m, 4H), 8.74 (mJ = 6.0 Hz, 2H), 8.69 (mJ = 6.4 Hz, 2H),
8.05-7.97 (m, 4H), 7.28 (dJ = 8.8 Hz, 1H), 6.84 (dJ = 2.7 Hz,
1H), 6.65 (dd,J = 8.8, 2.7 Hz, 1H), 5.37 (mJ = 4.9 Hz, 2H),
5.33(m,J=4.9 Hz, 2H), 4.73 (mJ = 4.9 Hz, 4H); MS (ESI)n/z
655.1 (MPE"), 255.1 (M) (C3oH27CION42T requires 511.0)
1,3-Bis(2-(4,4dipyridinium)ethoxy)-4-ethylbenzene dihexaflu-
orophosphate (18).1,3-Bis(2-bromoethoxy)-4-ethylbenzenks)
(8.7 g, 25.0 mmol) and 4,4-dipyridyl (15.62 g, 100 mmol) were
added to 100 mL of CECN. This solution was stirred at 7@ for
2 days during which time a yellow brown solid was deposited on
the sides of the flask. After cooling to room temperature, the solvent
was decanted and the solid washed with additionag@NH (2 x
30 mL). Residual solvent was then removed in vacuo, leaving a
brown solid. Water was added, and upon heating, the solid
dissolved, producing a yellow solution. Addition of PR (12.0
g, 0.75 mmol) produced a yellow oil which was isolated and washed
with CHCl; (3 x 30 mL) to extract impurities, leaving a yellow
oil which was then dissolved in GEN and dried with MgS@
Removal of the solvent in vacuo left 18.3 g of yellow solid for a
yield of 92%: 'H NMR (CDCls;, 300 MHz) 6 9.39 (m,J = 6.6
Hz, 2H), 9.35 (mJ = 6.6 Hz, 2H), 8.89 (mJ = 6.2, 2.7 Hz, 4H),
8.76 (m,J = 7.0 Hz, 2H), 8.70 (mJ = 6.9 Hz, 2H), 8.03 (m, 4H),
7.02 (d,J = 8.3 Hz, 1H), 6.66 (dJ = 2.4 Hz, 1H), 6.53 (ddJ) =
8.3, 2.4 Hz, 1H), 5.37 (m, 2H), 5.32 (m, 2H), 4.67 (m, 4H), 2.45
(9, =7.5Hz, 2H), 0.97 (t) = 7.5 Hz, 3H); MS (ESI)z 649.2
(MPF5+), 252.1 (NF+) (C32H3202N42+ requires 5046)
1,3-Bis(2-(4,4-dipyridinium)ethoxy)-4- n-hexylbenzene di-
hexafluorophosphate (19)1,3-Bis(2-bromoethoxy)-#hexylben-
zene (6) (1.00 g, 2.45 mmol) and 4,4-dipyridyl (1.66 g, 10.64
mmol) were added to 15 mL of GEN. This solution was stirred
at 70°C for 2 days during which a dark yellow solid was produced.
After cooling to room temperature, the solvent was decanted with
residual solvent being removed in vacuo, leaving a brown solid.
Water was added, and upon heating, the solid dissolved, producing
a brown solution. Addition of NEPFs (11 g) produced a brown
oil which was isolated and washed with CH@8 x 20 mL) to
remove impurities, leaving a yellow oil which was then dissolved
in CH3;CN and dried with MgS@ Removal of the solvent in vacuo
left 1.66 g (96%) of yellow solid:'H NMR (CDCl;, 300 MHz) 6
9.47 (m,J = 7.1 Hz, 2H), 9.40 (mJ = 7.1 Hz, 2H), 8.87 (m, 4H),
8.74 (m,J = 7.1 Hz, 4H), 8.01 (mJ = 6.1 Hz, 4H), 7.00 (dJ =
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8.3 Hz, 1H), 6.73 (dJ = 2.4 Hz, 1H), 6.51 (ddJ) = 8.3, 2.4 Hz,
1H), 5.38 (m, 2H), 5.33 (m, 2H), 4.71 (d,= 5.0 Hz, 4H), 2.41
(m, 2H), 1.33-1.23 (m, 2H), 1.2+1.09 (m, 6H), 0.73 (m, 3H);
MS (ESI)m/z705.3 (MPR*), 280.1 (M) (CaeHa0O2N42" requires
560.7).

Purification of Catenanes. After stirring for 3—4 days, the

JOC Article

400 MHz) 6 9.34 (m,J = 6.7 Hz, 2H), 9.28 (M) = 6.7 Hz, 2H),
9.14 (m,J = 6.6 Hz, 2H), 9.07 (m, 2H), 8.44 (J,= 3.8 Hz, 2H),
8.36-8.06 (M, 2H), 8.01 (m, 1H), 7.94 (d,= 8.5 Hz, 2H), 7.66
(d,J = 8.5 Hz, 2H), 7.15 (dJ = 8.5 Hz, 1H), 6.77 (dJ = 2.0 Hz,
1H), 6.65 (dd,J = 8.4, 2.0 Hz, 1H), 6.26 (s, 2H), 6.23 (s, 2H),
5.74 (br s, 8H), 5.34 (m, 2H), 5.26 (M, 2H), 4:64.55 (m, 4H),

catenane solutions were purified and isolated according to the 3.88-3.63 (m, 32H), 2.682.65 (m, 2H), 1.62 (m, 2H), 1.43 (s,

following method. The dark red solid was dissolved in ap-

proximately 10 mL of CHOH/EtOAc/CHCOCH; (1:1:1) and

loaded omd a 2 mm PLCplate. After drying, the plate was eluted

twice with CH;OH/EtOAc (1:1) at 35°C and finally with CH-

OH/2 M NH4CI/CH3NO; (7:2:1) at room temperature. The product

was washed from the silica gel using the final eluant, andRl
(0.300 g) was added to the red solution. Solventg@iand CH-

9H), 1.40-1.33 (m, 7H), 0.91 (mJ = 6.9 Hz, 3H); MS (ESI)
666.4 (MPT), 492.9 (MPR®Y), 333.2 (M) (Ca2H10N4O15* requires
1333.69).

Catenane 5.1,3-Bis(2-(4,4-dipyridinium)ethoxy)-4-chloroben-
zene dihexafluorophosphatel7j (0.128 g, 0.16 mmol) and
BPP34C10 (0.172 g, 0.320 mmol) were combined and dissolved
in CH;CN (15 mL). This solution was allowed to stir for 10 min

NO, were removed via rotary evaporator, leaving a red solid at which pointa,a’-dibromom-xylene (0.051 g, 0.192 mmol) was
suspended in water. This red product was filtered, washed with added and the reaction vessel sealed with a septa. This red solution
distilled water, and allowed to dry. Impurities detected after the stirred 4 days under ambient conditions after which time the solvent
first separation were removed by an additional purification using a was removed in vacuo. The catenane was purified, and after drying,

0.5 mm PLC plate and identical procedures.
Catenane 2.1,3-Bis(2-(4,4-dipyridinium)ethoxy)-4-chloroben-
zene dihexafluorophosphatel7j (0.128 g, 0.16 mmol) and

55 mg (20%) of pure product was recovereti NMR (CDCls,
400 MHz) 6 9.25 (m,J = 7.0 Hz, 2H), 9.17 (mJ = 7.0, 4.05 Hz,
4H), 9.11 (mJ = 6.7 Hz, 2H), 8.31 (mJ = 6.6 Hz, 2H), 8.27 (m,

BPP34C10 (0.223 g, 0.416 mmol) were combined and dissolved J = 6.5 Hz, 2H), 8.23 (mJ = 6.7 Hz, 2H), 8.15 (mJ = 7.7, 6.9

in CH;CN (15 mL). This solution was allowed to stir for 10 min

at which point 5-bis(bromomethyl)41,1-dimethylethyl)-1,1-

Hz, 4H), 8.06 (tJ = 1.6, Hz, 1H), 7.90 (tJ = 7.8 Hz, 1H), 7.39
(d,J = 8.9 Hz, 1H), 6.90 (dJ = 2.7 Hz, 1H), 6.76 (ddJ = 8.9,

biphenyl (0.0765 g, 0.192 mmol) was added and the reaction vessel2.7 Hz, 1H), 6.20 (s, 2H), 6.17 (s, 2H), 5.39 (s, 2H), 5.29 (s, 2H),
sealed with a septa. This red solution stirred 4 days under ambient5.03 (br s, 8H), 4.68 () = 3.8 Hz, 4H), 3.93+3.51 (m, 32H); MS
conditions after which time the solvent was removed in vacuo. The (ESI) 648.3 (M1PE"), 432.2 (MPE®), 383.5 (M), 288.2 (M)
catenane was purified, and after drying, 51 mg (17%) of pure (CseH7sCIN4O15*t requires 1151.77).

product was recoveredH NMR (CDCls, 400 MHz)6 9.34 (m,J
= 7.0 Hz, 2H), 9.27 (mJ = 7.0 Hz, 2H), 9.13 (dJ = 7.1 Hz,
1H), 9.11 (d,J = 7.1 Hz, 1H), 8.44 (mJ = 4.1, 1.6 Hz, 2H), 8.29
(d, J = 4.8 Hz, 1H), 8.27 (dJ = 4.8 Hz, 1H), 8.23 (mJ = 7.0
Hz, 2H), 8.13 (m,J = 7.0 Hz, 2H), 8.00 (tJ = 1.4 Hz, 1H), 7.93
(m, J = 8.6 Hz, 2H), 7.66 (m,) = 8.6 Hz, 2H), 7.39 (dJ = 8.9
Hz, 1H), 6.89 (dJ = 2.7 Hz, 1H), 6.77 (ddJ = 8.9, 2.7 Hz, 1H),

6.26 (s, 2H), 6.24 (s, 2H), 5.66 (br s, 8H), 5.38 (M, 2H), 5.29 (m,

2H), 4.68 (m,J = 9.5, 5.0 Hz, 4H), 3.883.62 (m, 32H), 1.43 (s,
9H); MS (ESI) 786.3 (M2Pg*), 476.2 (MPE3t), 427.6 (M),
320.7 (M) (C76Hg7CIN4O1* requires 1283.97).

Catenane 3.1,3-Bis(2-(4,4dipyridinium)ethoxy)-4-ethylbenzene

dihexafluorophosphatel8) (0.123 g, 0.16 mmol) and BPP34C10

(0.223 g, 0.416 mmol) were combined and dissolved in,CK

(15 mL). This solution was allowed to stir for 10 min at which

point 5-bis(bromomethyl)-4(1,1-dimethylethyl)-1,1-biphenyl

Catenane 6.1,3-Bis(2-(4,4dipyridinium)ethoxy)-4-ethylbenzene
dihexafluorophosphatel ) (0.123 g, 0.16 mmol) and BPP34C10
(0.172 g, 0.32 mmol) were combined and dissolved irsCN (15
mL). This solution was allowed to stir for 10 min at which point
a,a’-dibromom-xylene (0.051 g, 0.192 mmol) was added and the
reaction vessel sealed with a septa. This red solution stirred 4 days
under ambient conditions after which time the solvent was removed
in vacuo. The catenane was purified, and after drying, 29 mg (11%)
of pure product was recoveredH NMR (CDCls, 400 MHz) ¢
9.25 (m,J = 7.0 Hz, 2H), 9.15 (mJ = 7.0 Hz, 4H), 9.09 (m) =
7.0 Hz, 2H), 8.28 (mJ = 7.0 Hz, 2H), 8.278.22 (m, 4H), 8.16
(dd,J=7.7, 1.2 Hz, 2H), 8.11 (m] = 7.0 Hz, 2H), 8.06 (tJ =
1.2, Hz, 1H), 7.89 (tJ = 7.7 Hz, 1H), 7.16 (dJ = 8.4 Hz, 1H),
6.76 (d,J = 2.4 Hz, 1H), 6.65 (ddJ = 8.4, 2.4 Hz, 1H), 6.19 (s,
2H), 6.16 (s, 2H), 5.72 (br s, 8H), 5.36 (= 4.9 Hz, 2H), 5.27
(m,J = 4.8 Hz, 2H), 4.64 (mJ = 4.9 Hz, 2H), 4.59 (mJ = 4.8

(0.0.0765 g, 0.192 mmol) was added and the reaction vessel sealediz, 2H), 3.89-3.63 (m, 32H), 2.68 (q) = 7.7 Hz, 2H), 1.20 ()
with a septa. This red solution stirred 4 days under ambient = 7.7 Hz, 3H); MS (ESI) 717.3 (M2R£"), 430.2 (MPR®"), 286.3
conditions after which time the solvent was removed in vacuo. The (M*") (CegHgoN4O15*" requires 1145.38).

catenane was purified, and after drying, 48 mg (16%) of pure

product was recoveredH NMR (CDCls, 400 MHz)6 9.34 (m,J
= 6.6 Hz, 2H), 9.27 (m) = 6.6 Hz, 2H), 9.15 (mJ = 7.0 Hz,
2H), 9.10 (mJ = 7.0 Hz, 2H), 8.44 (mJ = 6.6 Hz, 2H), 8.26 (m,
J=6.6, 7.0 Hz, 6H), 8.11 (mJ = 7.0 Hz, 2H), 8.00 (tJ = 1.5
Hz, 1H), 7.93 (mJ = 8.5 Hz, 2H), 7.66 (mJ = 8.5 Hz, 2H), 7.16
(d,J = 8.4 Hz, 1H), 6.76 (dJ = 2.4 Hz, 1H), 6.66 (ddJ = 8.4,
2.4 Hz, 1H), 6.27 (s, 2H), 6.23 (s, 2H), 6:88.46 (m, 8H), 5.36
(m, 2H), 5.27 (m, 2H), 4.63 (m, 2H), 4.58 (m, 2H), 3:83.64 (m,
32H), 2.68 (gJ = 7.5 Hz, 2H), 1.43 (s, 9H), 1.20 (§,= 7.5 Hz,
3H); MS (ESI) m/z 1718.6 (M3PE"), 783.3 (M2PR?"), 473.9
(MPF63+), 427.6 (MH), 319.4 (NFJr) ((:73H92N4O;L24Jr requires
1277.58).

Catenane 4.1,3-Bis(2-(4,4-dipyridinium)ethoxy)-4n-hexylben-
zene dihexafluorophosphatel9) (0.123 g, 0.16 mmol) and

Catenane 7.1,3-Bis(2-(4,4dipyridinium)ethoxy)-4n-hexylben-
zene dihexafluorophosphatel9j (0.123 g, 0.16 mmol) and
BPP34C10 (0.223 g, 0.416 mmol) were combined and dissolved
in CH3CN (15 mL). This solution was allowed to stir for 10 min
at which pointoa,o’-dibromom-xylene (0.051 g, 0.192 mmol) was
added and the reaction vessel sealed with a septa. This red solution
stirred 4 days under ambient conditions after which time the solvent
was removed in vacuo. The catenane was purified, and after drying,
43 mg (15%) of pure product was recovereti NMR (CDCls,

400 MHz)6 9.26 (m,J = 6.9 Hz, 2H), 9.17 (mJ = 6.9 Hz, 4H),
9.09 (m,J = 6.9 Hz, 2H), 8.3%8.23 (m, 6H), 8.19-8.11 (m, 4H),
8.07-8.05 (m, 1H), 7.90 (t) = 7.7 Hz, 1H), 7.16 (dJ = 8.4 Hz,
1H), 6.78 (dJ = 2.4 Hz, 1H), 6.66 (dd) = 8.4, 2.4 Hz, 1H), 6.20
(s, 2H), 6.17 (s, 2H), 5.77 (br s, 8H), 5.36 (s, 2H), 5.28 (s, 2H),
4.61 (m,J = 4.9 Hz, 4H), 3.96-3.62 (m, 32H), 2.08 (mJ = 3.1

BPP34C10 (0.223 g, 0.416 mmol) were combined and dissolved Hz, 2H), 1.68-1.56 (m, 2H), 1.43-1.29 (m, 6H), 0.91 (tJ = 6.9

in CH3CN (15 mL). This solution was allowed to stir for 10 min
at which pointa,a’-dibromop-xylene (0.051 g, 0.192 mmol) was

Hz, 3H); MS (ESI) 745.3 (M2P&*), 672.8 (MPR2*), 600.5 (M),
448.6 (MPR3*), 400.2 (M), 300.2 (M) (C72HgaNO1** requires

added and the reaction vessel sealed with a septa. This red solutior1201.49).

stirred 4 days under ambient conditions after which time the solvent

Catenane 8.1,3-Bis(2-(4,4-dipyridinium)ethoxy)-4-chloroben-

was removed in vacuo. The catenane was purified, and after drying,zene dihexafluorophosphatel7j (0.128 g, 0.16 mmol) and

17 mg (6%) of pure product was recoverettd NMR (CDCls,

BPP34C10 (0.223 g, 0.416 mmol) were combined and dissolved
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in CH3CN (15 mL). This solution was allowed to stir for 10 min Catenane 10.1,3-Bis(2-(4,4-dipyridinium)ethoxy)-4n-hexyl-

at which pointe,o’-dibromoyp-xylene (0.051 g, 0.192 mmol) was  benzene dihexafluorophosphat&9) (0.123 g, 0.16 mmol) and

added and the reaction vessel sealed with a septa. This red solutiolBPP34C10 (0.223 g, 0.416 mmol) were combined and dissolved

stirred 4 days under ambient conditions after which time the solvent in CH;CN (15 mL). This solution was allowed to stir for 10 min

was removed in vacuo. The catenane was purified, and after drying,at which pointa,o’-dibromosp-xylene (0.051 g, 0.192 mmol) was

70 mg (25%) of pure product was recoverei NMR (CDCls, added and the reaction vessel sealed with a septa. This red solution

400 MHz)6 9.37 (m,J = 7.1 Hz, 2H), 9.31 (mJ = 7.1 Hz, 2H), stirred 4 days under ambient conditions after which time the solvent

9.15(m,J=7.1, 1.3 Hz, 4H), 8.25 (m] = 7.1 Hz, 2H), 8.13 (M,  was removed in vacuo. The catenane was purified, and after drying,

J=7.1Hz, 2H), 8.08 (m) = 7.0, 3.4 Hz, 4H), 8.06 (m] = 2.5 75 mg (26%) of pure product was recoveretH NMR (CDCls,

Hz, 4H), 7.37 (dJ = 8.8 Hz, 1H), 6.82 (d) = 2.7 Hz, 1H), 6.75 400 MHz) 6 9.44 (m,J = 7.0 Hz, 2H), 9.40 (mJ = 7.0 Hz, 2H),

(dd,J = 8.8, 2.7 Hz, 1H), 6.10 (s, 2H), 6.07 (s, 2H), 5:68.39 9.25 (m,J = 7.0 Hz, 2H), 9.20 (mJ = 7.0 Hz, 2H), 8.34 (m) =

(m, 8H), 5.35 (m, 2H), 5.25 (m, 2H), 4.69 (m, 2H), 4.64 (m, 2H), 7 Hz, 2H), 8.20 (mJ = 7.0 Hz, 4H), 8.15 (m,) = 70 Hz, 2H),

3.91-3.82 (m, ZOH), 3.863.76 (m, 6H), 3.66-3.62 (m, GH); MS 8.12 (ml 2H), 8.08 (m, 2H), 7.19 (d’: 8.4 Hz, 1H), 6.76 (dJ —

(ESI) 1586.5 (M3PF), 720.3 (M2PE*"), 432.2 (MPE™), 287.9 5 4 Hz, 1H), 6.68 (ddJ = 8.4, 2.4 Hz, 1H), 6.16 (s, 2H), 6.14 (s,

(M*7) (CoeHreCINO1™ requires 1151.77). 2H), 5.40 (m, 2H), 5.32 (m, 2H), 4.68 (m, 2H), 4.63 (m, 2H), 4:02
Catenane 9.1,3-Bis(2-(4,4dipyridinium)ethoxy)-4-ethylbenzene 3.54 (m, 40H), 2.68 (t) = 7.4 Hz, 2H), 1.63 (m, 2H), 1.37 (m

dihexafluorophosphatel8) (0.123 g, 0.16 mmol) and BPP34C10 6H), 0.9'3 (m,J,= 6.7 Hz, 3H); MS ’(ESI)’ 1636.4 (i\/I3F3ﬁ), 745.3 '

0.223 g, 0.416 mmol) were combined and dissolved in;C¥ -
515 mL)g This solution) was allowed to stir for 10 min aﬂawhich ('\SSPFB;;)’ 448.8 (MPF™), 300.4 (M) (C7HaeNO1"" requires
' 1201.49).

pointa,o’-dibromop-xylene (0.051 g, 0.192 mmol) was added and
the reaction vessel sealed with a septa. This red solution stirred 3
days under ambient conditions after which time the solvent was Acknowledgment. Support for R.L.H. as a DAAD guest
removed in vacuo. The catenane was purified, and after drying, 67 professor at TU-Berlin and the University of Oklahoma
mg (24%) of pure product was recovere NMR (CDCls, 400 Research Council is appreciated.

MHz) 6 9.40 (m,J = 7.0 Hz, 2H), 9.34 (mJ = 7.0 Hz, 2H), 9.20

|(_|n; ‘]2 :) 7801gz(mz,|1_|)— 3.(1)5H(zm2]1 :) 7é01H1_28, §4H)(m S-ga)(m?*]lj ng Supporting Information Available: NMR spectra for com-
T ety B A A e ' A pounds2—19. VT *H NMR spectra of compounda—10. Details
= 8.4 Hz, 1H), 6.69 (dJ = 2.4 Hz, 1H), 6.63 (dd) = 8.4, 2.4 of energy minimized structure computations. This material is

Hz, 1H), 6.11 (s, 2H), 6.08 (s, 2H), 5.35 (M, 2H), 5.26 (m, 2H), ; - }
4.64 (m. 2H), 4.58 (m, 2H), 3.953.48 (m, 32H), 2.63 (dc) = available free of charge via the Internet at http://pubs.acs.org.

7.5 Hz, 2H), 1.16 (tJ = 7.5 Hz, 3H); MS (ESI) 572.3 (RI),
381.5 (M), 286.1 (M) (CesHsoN4Ow* requires 1145.38). JO071036D
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