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ABSTRACT

A Benzo-21-Crown-7-Based [2]Rotaxane )—‘u—é

We demonstrate that secondary dialkylammonium salts can thread through the cavity of benzo-21-crown-7 to form [2]pseudorotaxanes with
binding constants (527 —1062 M~ in acetone) higher than the corresponding values (135  —261 M~ in acetone) of the analogous complexes
with their traditionally used host, dibenzo-24-crown-8. Based on this new benzo-21-crown-7/secondary dialkylammonium salt recognition motif,

a [2]rotaxane was successfully prepared. The formation of these threaded structures was confirmed by proton NMR spectroscopy, electrospray
ionization mass spectrometry, and X-ray single crystal analysis.

Threaded structures have been attractive to scientists not onlyas hosts for organic salts, such as paraquat derivatares
because of their topological importance but also due to their secondary dialkylammonium sa#3he threading of second-
many potential applicatiorisCrown ethers and their deriva- ary dialkylammonium salts through the cavity of crown
tives have been widely used in preparing threaded structuresethers was the genesis of a diverse range of interlocked
molecules including molecular machineklow big a mac-
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rocycle should be for threading to occur is a basic and
important question in threaded structure chemi&tiiyor a

plexedl, and the complex betwed@21C7andl, indicating
slow-exchange complexation on thd NMR time scale?

long time, it has been widely accepted that a macrocycle This implied the threading df through the cavity oB21C7
needs at least 24 C, N, O, or S atoms for the threading of anto form a pseudorotaxane. In the same way, complexations

alkyl group into its cavityt23a4a5glthough Schill et afaP
reported very low yields of rotaxanes by statistical threading

of B21C7 with secondary ammonium sal&sand 3 were
also found to be slow-exchange systems. From integrations

of 21-membered and 23-membered macrocycles more tharof all peaks, the stoichiometries of all three complexation
two decades ago, and more recent results suggest that 20systems were determined to be 1:1. The association constants

membered macrocycles can be thre&tladd demonstrate
that some dibenzo-22- and 23-membétectown ethers
interact only weakly with secondary ammonium ions (but
without proof of threading). Dibenzo-24-crown-BB24C8)

(Kg) of 1:1 complexe$§,B21C7-1, B21C7-2, andB21C7-3

in acetoneds are 527 {£4) M1, 615 @36) M1, and 1062
(£102) M1, respectively. These values are higher than the
correspondingK, values of 135 £6) M~1° 155 (8)

derivatives are the most widely used hosts for secondarypm-1, and 261 ¢13) M! for DB24C8based complex&s

dialkylammonium salt&* Crown ethers with less than 24

atoms in their macrorings have been observed to form face-

to-face complexes with secondary dialkylammonium salts.

However, herein, we have found that secondary dialkylam-

DB24C81, DB24C82, andDB24C83 and the previously
reportedK, value, 360 M3 for DB24C8&4 in acetone-
ds, indicating that secondary dialkylammonium salts fit
the cavity of B21C7 better than the cavity oDB24C8

monium salts can thread through the cavity of benzo-21- o more efficient hydrogen bonding interactions can form.

crown-7 B21C7) to form [2]pseudorotoaxane- and [2]-
rotaxane-type threaded structures.
The!H NMR spectrum (Figure 1) of an equimolar solution
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Figure 1. Partial'H NMR spectra (500 MHz, acetord; 22 °C)

of 1.00 mM secondary dialkylammonium sdlt(a), 1.00 mM
B21C7 and 1 (b), and 1.00 mMB21C7 (c). Complexed and
uncomplexed species are denoted by “c” and “uc”, respectively.

of B21C7and dibutylammonium salt in acetoneds shows
three sets of resonances for uncompleB2d C7, uncom-
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The K, increase fromB21C7-1 to B21C7-2 to B21C7-3

is a result of the acidity increase di-methylene and
ammonium hydrogens due to the increasing electron-
withdrawing ability from propyl to phenyl tp-cyanophenyl
substituents.
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(8) TheK, values ofB21C7-based complexes, slow-exchange complex-
ation systems, were calculated from integrations of complexed and
uncomplexed peaks. Thi€, values of DB24C8based complexes, fast-
exchange complexation systems, were calculated from chemical shift
changes. All of thes&, values are at 1.00 mM host and guest in ace-
tone. Though DB24C81, DB24C8&2, and DB24C8&3 are fast-
exchange complexation systeni324C8&4 is a slow exchange complex-
ation system. These were also observed by StoddarttFabm these,
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exchange is mainly dependent on the relative sizes of the end groups of
the guest.

(9) TheK, values reported in ref 3a f@B24C8& 1 is 50 M~ by proton
NMR titration and 70 M by proton NMR dilution in acetonitrile.

(10) From Figure 3, it is obvious that the benzene rin@21C7is not
a required part for the threading of secondary ammonium salts through the
caviety ofB21C7. Therefore, 21-crown-7, the corresponding crown ether
without a benzene ring, should also be able to form threaded structures
with secondary ammonium salts. Previously, Loeb et al. found that both of
DB24C8 and 24-crown-8 can complaX-benzylanilinium salts (Loeb, S.

J.; Tiburcio, J.; Vella. S. JOrg. Lett.2005 7, 4923-4926).
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Electrospray ionization (ESI) mass spectra of equimolar of a stable compleB21C7-6. An equimolar dichloromethane

acetone solutions &21C7and each of, 2, and3 confirmed
the 1:1 stoichiometries. A common mass fragment\bf+
PR]" was found: m/z 486.1 (37%) forB21C7-1, 520.1
(100%) forB21C7-2, and 545.0 (55%) foB21C7-3. For
bothB21C7-1 andB21CT7-3 the base peak is aw/z 379.0,
corresponding toB21C7 + NaJ*.

solution ofB21C7and6 was treated with benzoic anhydride
in the presence of trimethylphosphine as the cat#lyst
afford rotaxane8 in 74% yield. Partial proton NMR spectra
of the dumbbell-shaped componéhtotaxane8 andB21C7

in DMSO-ds are shown in Figure 2. The aromatic protons
H; and H and ethyleneoxy protonssHand H, of B21C7

Furthermore, we found that secondary dialkylammonium and methylene protonsg4-HH,, and H on 7 moved down-
salts cannot thread through the cavity of benzo-18-crown-6 field after the formation of rotaxar® These chemical shift
(B18C6) based on proton NMR characterizations; neither changes, which persisted even after the ammonium site
chemical shift changes nor signal doubling occurred upon was neutralized by triethylamine, in DMSO proved that

mixing B18C6 and 1 in acetoneds. Therefore,B21C7 is

8 is a rotaxane, since no complexation is expected in this

the smallest benzocrown ether which is capable of highly polar solven2 The ESI mass spectrum of rotaxane
forming threaded structures with secondary dialkylammo- 8 has a single peak at/z 654.4 (100%) corresponding t8 [
nium salts'® In the same way, we found dibenzylammonium — PR]*.

salt 4 cannot thread through the cavity 821C7, thus,

The formation of [2]rotaxan8 was further confirmed by

the phenyl group is big enough to work as a stopper for X-ray crystallographic analysis (Figure 3) of a colorless

B21C7.

We then prepared rotaxa@eusing two phenyl groups as
the stoppers (Scheme 1). Whias only slightly soluble in

Scheme 1. Synthesis of Dumbbell-Shaped Compon@&rand

Rotaxane8
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Figure 3. Crystal structure of the [2]rotaxar® A PF; counterion
and hydrogens except the ones involved in hydrogen bonding have
been omitted for clarityB21C7 is red, 7 is blue, hydrogens are

dichloromethane, it becomes soluble in this solvent after the y3genta, oxygens are green, and nitrogen is black. Hydrogen-bond

addition of 1 molar equiv 0B21C7, indicating the formation

o He
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Figure 2. Partial'H NMR spectra (500 MHz, DMS@, 22 °C)

of dumbbell-shaped component(a), rotaxanes (b), andB21C7

(c).
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parameters: H-O distances (A), C(NYH:+-O angles (degh\, 2.48,
152; B, 2.48, 122;C, 2.43, 150;D, 2.56, 144;E, 2.72, 144;F,
2.50, 129G, 2.04, 154H, 2.11, 140j, 2.33, 139.

single-crystal grown by vapor diffusion of petroleum ether
into an ethyl acetate solution & All four N-methylene
hydrogens and twd\N-H hydrogens of dumbbell-shaped
componenf’ are involved in nine hydrogen bonds (Figure
3) with the oxygen atoms dB21C7, indicating the good
size fit between the host and guest.

In summary, our successful preparationB¥1C7-based
[2]pseudorotaxane- and [2]rotaxane-type threaded structures
proves that macrocycles consisting of less than 24 atoms can
be threaded by alkyl groups. Furthermore, we found that
B21C7 can bind secondary dialkylammonium salts more
strongly than the traditional crown ether hd3B24C8
BecauséB21C7is smaller tharDB24CS8 it is easier to find
stoppers for preparation of rotaxanes baseB2hC7instead
of DB24C8 Considering the easy availability of benzo-21-
crown-7 derivatives and secondary dialkylammonium salts
and the efficient binding between them, we believe that the
work presented here will stimulate further studies on threaded
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structures based on the benzo-21-crown-7/secondary dialky- Supporting Information Available: Synthetic proce-
lammonium salt recognition motif. dures, characterizations, and crystal data for rotagamais

material is available free of charge via the Internet at
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