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In the late 1980s, Stoddart et al. reported on the formation of e
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pseudorotaxanes from paraquats (e.g., dimethyl violoG@®F;) — @ ~ I
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recently, Gibson et al. showed that one of the complexes formed L 2PE R~ CH ) f{ !(‘JH((\)H: —
between bis(5-hydroxymethyl-1,3-phenylene)-32-crowh¢2and 52PF, : R = CHyCH,OH 3 RR= Oz(CHZCHZO),,
1-2PK was not a pseudorotaxane, but an exo- or taco-complex (see 7:R=H
Figure 1)3 which suggested the favorable effect of confining the
flexible host molecu_le to th_e folqled ghape. When a coyalent linker (CHyCH,CH,CH),N®O X
was used to do so in forming bicyclic hadta 100-fold increase 4X
in apparent association constakt) resulted® X=PFg, OTs, BF,,

Encouraged by these exciting results, we have since explored CF380;, CH,CO,,

other methods to drive pseudorotaxane formation. In studying the
influence of counteranions on complexation, we serendipitously
discovered a ready and facile method of increadiqgin the (CH;CH,,N®OTFA
complexation of paraquats by hdt 6-TFA
As a control experiment, an acetodgsolution of2 and 2 equiv Figure 1. Compounds used in this study, and an ORTEP diagirthe
of 4-PF; was studied. NeitheiH nor %F NMR signals shifted for taco-complex?/1-2PF.
either of the two components, indicating th&tPR; does not
complex with 2. Under similar conditions!H and °F NMR H, |
indicated that no interaction occurs between paraquatseait * ‘
and4-PFR; H, 1 )
In a second control experiment designed to study the effect of J \h “"‘\‘JM \
added salt on complexation, we titratééPF; into an acetonelk a) L = Le— po—.
solution of2 and5-2PF;. As discussed elsewhe¥é upon mixing
the host and guest components, a bright orange solution resulted. #\‘
Notably, in the presence @ PFR; the'H NMR resonances of the / |
crown signals all shift toward their uncomplexed positions, signaling )« ) J
a decreasein association (see Figure 2). For confirmation, the {{]

spectra were analyzed to estimite Ao, the difference i) values

|
for the uncomplexed and fully complexed species, was taken from ‘ ! ‘ ‘ I“
earlier studieito be 0.472 ppm for Kl On the basis of this value, h A t L J | l J‘l i }1
we calculatecK, = 830 + 130 M1 for 2/5-2PF; alone andK, = c),,Jv j I A Sl U
520+ 80 M1 for 2/5-2PF; in the presence of-PF;, representing S N R R R A LD R R AR A AR SRR
a 40% reduction in appareft,’ Because the addettPR; does 6.6 6.2 58 54 5.0 4.6 4.2 3.8 ppm
not interact d_|rectly wnth_ ho_sIZ, we believe this r_eductlon to be _ Figure 2. 'H NMR spectra (400 MHz, acetorts; 23 °C) of (a) 2: (b)
the result of increased ionic strength. Indeed, in related experi- 2 9o mm2 + 2.00 mM5-2PF; and (c) 2.00 mM2 + 2.00 MM 5-2PFg +
ments? we observed a continuous reductionkipwith increasing 4.63 mMM4-PFs.

salt concentration.

We then observed the influence of a ditopic H-bond accepting . L, ho .
counteranion. When mixed with 6-TFA demonstratedo interac- in Ka (830+ 130 M to 5'63% 10°+ 1'5_3X 106°M~).° Doubling
tion with either component as prescribed ¥y and 1°F NMRS. [6-TFA] to 4.70 mM results in a doubling dfato 1.20x 10° +
However, in opposition to the studies described aboveBF;, 4.62 x 10° M~ (Figure 3c):° o
the H NMR resonances of the crown signals all shifted toward 10 be certain that the hydroxyl functionality of guesePFs
their fully complexed positions upon addition of 1.18 equiv of Was not influencing association, a solution b2PF; and 2 was
6-TFA to 2/5-2PF; signaling an increase in association (see Figure Subjected to similar treatment.alnd H, shifted upfield in the
3b). Indeed, using\, from above, we determine@8-fold increase ~ Presence 06-TFA, indicating that the OH groups of guestPFs
are not essential for the cooperative effect TFA. Further
*To whom correspondence should be addressed. E-mail: hwgibson@vt.edu. cqnfirmation of the key role of ho&s OH moieties was obtained
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1 ngm ' ‘"‘*‘“’J" Hydrogens and spectator £Fhave been omitted for clarity. Selected
B A R A AL AL R AL SR AR R A R interatomic distances and angles: ‘0013 2.73(3) A, 0+ H1 0.94(4) A,
64 60 56 52 48 44 40 3-6ppm 013--H1 1.80(4) A, O-H1---013 170(4); O7---013 2.821(3) A, O7
H70 0.83(4) A, 014+H70 1.99(4) A, O7H70---O14 170(4); C2---C18
Figure 3. H NMR spectra (400 MHz, acetorde; 23 °C) of (a) 2.00 mM 7.649(4) A.

2 + 2.00 mM5-2PF; (b) 2.00 mM2 + 2.00 mM 5-2PF + 2.35 mM

6-TFA; and (c) 2.00 mM2 + 2.00 mM5-2PF; + 4.70 mM6-TFA. . o .
© Fo While paraquat binding is more pronounced with covalent

bicyclic host 3 than the current supramolecular cryptands, the

simplicity of this cooperative system combined with the ready

availability of starting materials is very exciting and suggests a
number of extensions and elaborations, which are currently being
pursued.

Scheme 1. Cartoon Representation of a Cooperative Host/Guest
Interaction via a Chelation Event
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