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Abstract: At elevated temperatures, the crown ether dibenzo[30jcrown-10 (DB30C10) slips over the
(relatively) bulky 3,5-(¢+-Bu),C¢H;CH, termini of a bisammonium dication—bearing two secondary
ammonium centers separated through a p-xylylene spacer—to form primarily a three-component rotax-
ane-like entity—stabilized by, inter alia, [N *_H-- 0] and [C-H:--O] hydrogen bonds——that has been
characterized by liquid secondary ion (LSI) mass spcctrometry (m the gas phase”) H NMR spectro=
scopy (in soiution) and X-ray crystallograpt t
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in solution, with the free DB303{C 10 macrocycle and its two-component rotaxane-iike congener, a 1 uﬁi
that demonstrates that the products obtained from the slippage synthesis are pseudorotaxanes
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The so-called pseudorotaxanes are attractive targets for the synthetic supramolecular
Ry

ist ' since, in addmon to being the precursors for their interlocked counterparts, the rotax-
anes,”! they form"’ the basis of several device-like sysiems. Recently, we have uncovered'”
novel routes to the noncovalent syn- 2%
. . _ - - . - 1 nRoAra
thesis of pseudorotaxanes that invol- l El_. kit I
. [51
ve (Figure 1) the self-assembly™ of s -
various crown ethers with bis(secon- (#y) R S, o I
dary dialkylammonium) ions by =J @\ @ 1, @ ||1xBPP34C1O
means of, amongst other interact- 7 xDpB30Ci0 2; —ry R
ions, [N*~H---O] and [C-H:-O] hyd- ———— e
rogen bonds. For instance, the (com- d o (‘Wo’\’o\‘ 0T oy
e . 0
paratively) small macrocyclic poly- @f) DB24C8 )@ {J BPP34C10 ?i @t DBSOC‘I;);]Q
ether dibenzo[24]crown-8 (DB24C8) pj AR go R
. "'\__/"

can only accommodate one dialkyl- : ——— ,

; N g s Flgure 1. Different crown ethers, such as DB24C8 and BPP34C10,
ammonium center (NH,") within its s 4

. ) . " self-assembie with dications, bearing two NH2* centers, to generate
cavity—it self-assembles 2+W1th’ for pseudorotaxanes with distinct stoichiometries. The question is—how
example, the dication 17" to pro- doesDB30C10sslf-assemble withthe dication 22*?
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duce™ ™ a doubly-encircled {S}pseudemtaxane. On the oth- p-CoHa C(CH)s
ar hand tha largar ~rrawn athae ‘q;n_n nhamglama FMAIAT~rnsrrn A (f) 1 )
Ci lialiiu, uiv uuscx VIUWIL Cuier visTp- yucuyu:uc[.)'-r]uluw 1= O'OQCGH‘ v/
10 (BPP34C10) can support two NH," centers within its S (?
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interior—this le ds[ ! to the creation of doubly-docked () | Y-
[2]pseudorotaxanes upon self-assembly w1m suitable bis- ﬁ"'(:;"l'" | il

MATYY ~2 N
(NH,")-containing dications, such as 2°*. These findings |

persuaded us to study the complexation behavior associated |

with dibenzo[30]crown-10 (DB30C10)—i.e., a crown ether ~——ir A Tt ¢ AL
of intermediate size—and the dication 2**. The question we B
asked ourselves was: would the polyether loops of individ- ™=

ual DB30C10 macrocycles interact with only one NH," cen- ]
ter of the dication 22‘ to generate a [3]pseudorotaxane, like |
the [(DB24C8),-1]"* complex, or would they interact with }

| .
two NH," centers to form a doubly-docked [2]pseudorotax- AJMM )_Jb
ane, like the [BPP34C10-21** complex? Here, we report the ]

I
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results of research designed to answer this question. — 00?36H4 C(CHa)s —

The solubility of the salt 2-2PF, increases markedly in Q _] P)
nonpolar organic solvents, such as CH,Cl, or CHCI3, in the C*H)T;”H ‘
presence of >1 molar equivalent of DB30C10, indicating'” | pgﬁHJ 0‘0(2;:)3”4
the formation of a complex in solution. The 'H NMR spect- 7 T’;')“H [® .lnr-,._l
rum of a 3:1 mixture of DB30CI0 and 2-2PF, displays | '~ L ! l
(Figure 2A) several sets of time-averaged resonances, which IZU\ “ l Ju‘ SEw
nndaran mndarate chamiral chift altaratinng /A Na) [ ] I LI T
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free constituents on the NMR timescale. The largest Ad val-
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ue (—0.25 ppm) was noted for the protons of the dication’s Figure 2. Partial 'H NMR spectra (300.1

~ oo MHz, CD2Clz, 20 °C) of a 3:1 mixture of
central p-C¢H, unit, an outcome that presumably mcucates DB30C10 and 2:2PFs recorded A

the formation of a complex with a Ia(,c—to—race 4d] CcoO- shomy after dissolution, (B) foﬂowing
conformation, i.e., a species in which the p-C¢H, unit is heating for 2 d, and (C) after 7 d
sandwiched by the macroring’s catechol rings, with the heating. The peaks associated with the

ammonium centers interacting with the polyether oxygen !acé-to-faceand pseudorotaxane com-
he 3.5-(+-Bu),CH.CH, termini t p!exesaredeno ed by the descriptors (f)
atoms 5o as to coerce the 3,5-(-Bu),CeH;CH, termini to 3™ (00 ™ o coechiver The  signals

protrude from the same face of the macrocycle. After this japeled o- and p-TmnH correspond to
mixture had been heated under reflux for 2 d, the 'H NMR the protons of the 3,5 (t-Bu)2C¢H3
spectrum exhibited (Figure 2B), in addition to each compo- termini (Tmn) that are located ortho
nent’s original resonances, two new sets of signals, with aﬂ‘iffra with respect to the (-Ch;
weaker intensities, that presumably arise as a result of the e

thermally-promoted slippagem of the DB30C10 macroring over the dication’s bulky termini.
No further spectral changes were noted following an additional 5 d of heating, after which,
the resonances!” associated with the free cation 2** were (Figure 2C) barely observable.

Essentially, the only peaks present in the spectrum have to be ascribed to the excess of the
crown ether and the rotaxane-like complexes. The liquid secondary ion (LSI) mass spectrum
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10),-2]"" and [DB30C10-2]", respectively. Purification of a preparative-scale reaction mix-
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the complexes [DB30C10-2][PF,], and [(DB30C10),-2][PF4], in a 1:5 rano as
ascertained from a comparison of the relative intensities of each species’ p-C,H, protons in
the '"H NMR spectrum. However, when the mixture was allowed to stand for 7 d, in CD,Cl, at
20 °C, 'H NMR spectroscopy showed that the concentrations of the uncomplexed DB30C10
macrocycle and [DB30C10-2J[PF], complex (new [DB30C10-2][PF],/[(DB30C10),-2][PF],
ratio = 3:1) had increased substantially. Nevertheless, no free salt (or face-to-face complex)
2-2PF, was observed in this mixture, i.e., the complex [DB30C10-2][PF,], does not appear to
dissociate, probably because it achieves optimal stabilization by way of the double—dockingidd]
of the cation’s NH," units within the crown ether’s cavity. Obviously, however, the stopper
units of the complex [(DB30C10),:2][PF], are not large enough to prevent the slow extrusion
of the DB30C10 macroring under ambient conditions. Consequently, both complexes must be
considered to be pseudorotaxanes that have a high degree of rotaxane-like character. s

Single crystals of the complex [(DBSOCIO% -2][PF,], were obtained from a n-C¢H,,~CH,Cl,
solution. The X -ray crystallographic analysis' of one of these crystals reveals (Figure 3) that
the dication 2** is threaded, in a C,-symmetric manner, through the cavities of two DB30C10
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macrorings to generate a [3]pseudorotaxane that is stabilized principally via a combination of
[N*-H...O] and [C-H---O} hydrogen bonds. Supplementary stabilization of this supermolecule
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qu;e 2. View of the gmstg! gt ucture Qf lhe Cg svmmetrlr' I"!'Inseudg_rgtgxane [(DB’_Z(_)Q‘!Q\-) 2'I2+ llll_l_strgtmn the intra-
complex noncovalent bondmg interactions that serve to facilitate its self-assembly. [X—H O] Hydrogen bonding
geometries {[X~+0}, [H--O] distances (A), [X-H--0] angles (°)}: (a) 2.85, 1.95, 172; (b) 3.15, 2.26, 178; (c) 3.37, 2.44, 163.
Geometries for the [C-H-n] interactions {{H--7] distances (A), [C-H--x] angles (°)}: (d) 2.73, 152; () 3.08, 158. The

[N*N*] distance is 7.38 A.

is achieved through (1) n—n stacking interactions, involving the sandwiching of the central p-
CH, unit between the C;-related catechol rings of the two DB30C10 macrocycles (the cent-
roid—centroid distance is 3.87 A, the rings being inclined by ca. 13°), and (2) [C-H---7] inter-
actions between two diametrically-opposite phenoxymethylene C-H moieties and each of the

dication’s 3,5-(t-Bu),C¢H;CH, termini (vectors d and e, between the hydrogen atoms and the
ring center, are inclined by 90 and 78° to the benzyl ring plane, respectively, and by 172° to
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In summary, we have broadened our research effort pertaining to the association of crown
bl i wxritle NTLIT b o it nabtmren msa hnneres Aasiv~svotsmntad Faow sliy £ 6 2 4L _« TADAINMIN
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have found that the 3,5-(+-Bu),CcH;CH, unit acts as a stopper that permits the slippage synm-
esis of rotaxane-like entities with this crown ether. Nonetheless, this unit is not sufficiently
bulky to permit the extrusion of one DB30C10 macroring from the [(DB30C10),-2][PF],
complex, its two-component congener apparently being stabilized to a greater extent as a
result of the highly cooperative nature of the hydrogen bonding interactions between both

NH," centers and the crown ether’s polyether arcs.
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but not for absorptlon. The structure was solved by direct methods and the non-hydrogen atoms were refined anisotropically. The
PF,~ anions both exhibited high anisotropic thermal motion/disorder, but this could not be resolved into alternate partial occupancy
orientations. The positions of the hydrogen atoms were determined from a AF map, idealized, assigned isotropic thermal
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