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ParaquatN,N'-dialkyl-4,4-bipyridinium) derivatives are common
guests in supramolecular chemistBisparaquat derivatives have

been widely used in the construction of pseudorotaxanes, catenanes,

and rotaxanéswith potential applications in electroniésVe have
demonstrated that cryptands are much better hosts than correspond
ing simple crown ethers for paraquat derivativesere we report

the self-assembly of the first cryptand/bisparaquat [3]pseudorotax-
ane by cooperative complexation and compare it with an analogous
crown ether-based system. Cooperative complexation is the basis
of enzyme control and many other vital biological procegses.
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Host—guest complexation is manifest in the observations that
equimolar solutions of cryptantf2 with ditopic bisparaquat guest
2,5 and crown etheB® with 2, are orange and yellow, respectively,
due to charge-transfer interactions. A Job p(igure 1) demon-
strated that in solution the complex of cryptabavith 2 has 2:1
stoichiometry. This is consistent with our observation thand4
form a 1:1 complex in solution, even though crystals of bbth
and 1,-4 have been characterizé¥t

The 1:1 stoichiometry of the complex between crown ether
and2 was established by the mole ratio meth@gigure 2) and a
Job plot using NMR data of $on 3. Thus, despite the formation
of the 1:1 complexd-4 both in solution and solid stafé?3,:2 is
not observed in solution, perhaps due to the ability of both the host
and guest to fold such that the host interacts with both paraquat
units simply by folding back and forth. Due to its rigidity cryptand
1 cannot interact in this way and therefore forms the 2:1 complex.

Electrospray ionization mass spectra (ESIMS) confirmed the
stoichiometries of the complexes: fby:2 mz1095 [1,-2 — 2PRKs|?"
and 681 [,*2 — 3PR]3"; for 223 Mz 675 [3-2 — 2PK + HyOJ*"
and 396 B-2 — 3PR]3", only 1:1 stoichiometry.

Ultimate proof of the formation of the cryptand-based [3]pseudo-
rotaxanel,-2 is its X-ray structure (Figure 3)As in the 1:1 and
2:1 complexes between cryptaficand 4,32.¢ 1,-2 is stabilized by
hydrogen bonding and face-to-fagestacking interactions. As in
1-4% two B-protons of each paraquat unit are connected to a
cryptand host by a water bridge. Oneproton of each paraquat
unit is directly hydrogen bonded to an ether oxygen.

However, in the complex betweehand 4, methyl hydrogens
are not involved in hydrogen bonding, butig2, four hydrogen
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Figure 1. Job plot showing the 2:1 stoichiometry of the complex between
cryptandl and ditopic gues? in acetoneds using data for k. Delta is the
chemical shift change corresponding te. Iil]o + [2]o = 3.00 mM.
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Figure 2. Mole ratio plot for2 and3, indicating 1:1 stoichiometry. The
solvent is acetonés.

bonds involve methyl protons. Furthermore, two hydrogen bonds
involve xylyl methylene protons, and two hydrogen bonds involve
xylyl aromatic hydrogen¥?

For solutions o and crown etheB the extent of complexation,
p, of the paraquat units was determined based on data fanH
2.11 From the slope and the intercept of a Scatchardp(figure
4a) the average apparent association constan{6.3 + 0.4) x
10* M~L For the complexation betweeh and cryptandl the
Scatchard plot (Figure 4b) is nonlinear and has a maximum, which
indicates that the two paraquat units2aict cooperatively? Further
analysis of the Scatchard ptatnables the estimatég = (1.2 4+
0.3) x 10° Mt andK, = (2.0 4+ 0.5) x 10* M~115 Indeed, the
ratio Ky/K; = 17 is significantly higher than the value of 0.5
expected for statistical complexatiéh.

One explanation of the apparent cooperativity is that formation
of the 1:1 complex effectively restricts rotation about theGH,—
CeH,4 bonds because of the hydrogen bonding of both the &td
ortho protons to the cryptand (see Figure 3) and this conformational
restriction facilitates complexation of the second paraquat site. This
argument is supported by the fact th&t is significantly lower

10.1021/ja0355877 CCC: $25.00 © 2003 American Chemical Society



COMMUNICATIONS

In summary, for the first time, a cryptand was used in the
preparation of a [3]pseudorotaxane with a ditopic guest and the
complexation appears to be cooperative. Our current efforts are
focusing on preparation of rotaxanes and catenanes based on

cryptands and bisparaquat derivatives.
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Figure 3. X-ray structure ofl,-2. Oxygens are greeg,is blue,1 molecules

are red, and water molecules are magenta. Disordered solvent molecules,

four PR~ ions, and hydrogens except the ones2cend water molecules
have been omitted for clarity. Selected hydrogen-bond parameter® C
distances (Ap = 3.34,b = 3.35,c = 3.22,d = 3.36; H--O distances (A)
a=2.54,b=257,c=2.24,d = 2.35; C-H---O angles (dega = 137,

b = 135,c = 158,d = 150. * These four carbons are disordered.
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Figure 4. Scatchard plots for complexation of bisparaquat ga€g2]o =
0.500 mM) with (a) (top) crown ethe® and (b) (bottom) cryptand in
acetoneds at 22°C. p = fraction of paraquat units bourid Error bars in
p: £ 0.03 absolute; error bars pi[host]: & 0.06 relative. The fourth order
polynomial fit line in b is simply to guide the eye.

than the apparent association constant {6110* M 1) for formation

of 1-4,% indicating that there is indeed an additional barrier to
formation of the 1:1 comple%-2. Another possible factor is host

host interaction irl,:2 in solution; hydrogen bonding of an aromatic
proton of each host to an ether oxygen atom of the other was
observed in the crystal structure of a 2:1 complex based on another
cryptand and4;3¢ and finally it must be noted that the effects of
the first complexation event on ion pairifgand the local
environment’ may also play key roles in facilitating the second
binding step.
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