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ABSTRACT: A series of podands bearing phenyl, naphthyl and anthryl end groups were prepared and characterized.
UV–visible spectrophotometry was used to investigate the host–guest chemistry of the podands in complexation with
tropylium tetrafluoroborate in 1,2-dichloroethane. The results are discussed and compared with those for previously
studied systems containing crown ethers. The stability constants for these open-chain polyethers are in the range 5.1–
8.4 dm3 molÿ1, except for the podand having anthryl end groups [1,12-bis(anthryl-9)-2,5,8,11-tetraoxadodecane],
which gives a 10-fold increase in the stability constant. Copyright 1999 John Wiley & Sons, Ltd.
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INTRODUCTION

Crown ethers and their acyclic analogues, podands,1 are
of wide interest because of their tendency to form
complexes with cations and uncharged organic mol-
ecules. The research on crown ethers and podands has
mostly focused on their complexation with alkali metals,
alkaline earth metals and ammonium cations, but
complexation has also been demonstrated with diazo-
nium, hydronium, acylium and hydrazinium species.2

Recently, investigations in host–guest chemistry have
focused on molecular recognition and the potential ofp–
p interactions to secure strong and selective binding for
organic molecules. We have demonstrated thatp–p
stacking and cation–p interactions play a significant role
in the host–guest complexation between benzene-sub-
stituted crown ethers and electron-deficient aromatic
carbenium ions such as tropylium3,4 and pyridinum.5

Tropylium ion has been shown to be an ideal guest for
investigation ofp–p interactions. It is a monocharged
organic cation containing an even number of electrons
and as such represents a new type of guest in host–guest
chemistry. That tropylium ion is an effectivep-acceptor
is exemplified by the successful synthesis of many
intramolecular and intermolecular charge-transfer com-
plexes with aromatic hydrocarbons.6,7 In addition, a large

number of tropyliophanes, which have the tropylium ion
as a part of the molecular skeleton, and other macrocyclic
compounds containing tropylium ion have been synthe-
sized.8–10

The capability of podands for complex formation with
organic molecules depends on several factors, including
the number and nature of the donor atoms, ring size,
substituents and topological and conformational proper-
ties.1 The selectivity and binding efficiency of podand
molecules can be improved by adding functional groups
in terminal position(s), while their wrap-around cap-
ability can be modified through substitution of the
polyether chain. The aromatic end groups should be
such as to allowp–p stacking interaction with aromatic
guests. Likewise, enlargement of the aromatic surface in
podands would be expected to improve and strengthen
the complexation with an aromatic guest.

Here we report the synthesis and characterization of a
series of podands bearing aromatic substituents at both
ends of the oligoether chain. The capability of the
podands for complexation with an organic guest was
studied with tropylium tetrafluoroborate in 1,2-dichloro-
ethane (DCE) by UV–visible absorption spectrophoto-
metry. An important aim of the study was to determine
the influence of the macrocyclic effect, donor atoms and
aromatic substituents on the complexation of aromatic
cations. A comparison between crown ethers and
podands was undertaken as it was expected to be
informative for the development of new tweezer-type
hosts capable ofp–p binding with cationic organic
molecules.
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RESULTS AND DISCUSSION

Synthesis

Our aim wasto prepareacyclic analoguesof previously
investigatedbenzene-substitutedcrown ethers, which
contain multiple binding sites bearingaromaticsubsti-
tuents.In particular,we wereinterestedin the introduc-
tion of large aromatic substituentsat the end of the
acyclic polyether chain. We applied the ‘end group
concept’11 to imitate the structure of crown ethers
substitutedwith benzeneor other aromatic groups.In
essence,this is the recognitionthat whenconformation-
ally flexible systemsarerigidified, theybecomestronger
complexing agents and form more ordered crystals.
Aromatic groups were introduced into the terminal
positions by the Williamson ether synthesis(Scheme
1). The reactants were dichlorinated or ditosylated
glycols were preparedfrom the respectiveglycols and
commerciallyavailablearomaticalcohols.The 4-(ben-
zyloxy)phenyl-substituted podandsP5 and P6 are also
precursors for the dibenzo-substitutedcrown ethers
2B28C8and2B34C10,respectively.12

Severalcombinationsof basesand solventstestedin
thepreparationof ananthracene-substituted podandfrom
chlorinatedor tosylatedglycols and 2-aminoanthracene
or 2-hydroxyanthracene,butwithoutsuccess.However,a
reaction between 9-(hydroxymethyl)anthracene and
triethyleneglycol ditosylatein the presenceof sodium
hydride led to the anthracene-substituted podand1,12-
bis(9-anthryl)-2,5,8,11-tetraoxadodecane(P9).

Properties of complexes

Thecomplexationbehaviourof thepodandsin DCEwith

tropylium tetrafluoroboratewas followed by absorption
changesin the UV–visible spectra.Except for P9, a
yellow–orangecolourdevelopedspontaneouslyuponthe
additionof podandto a solutionof tropylium tetrafluoro-
boratein dry DCE. The anthracene-substituted podand
P9 behaveddifferently; its addition to a solution of
tropylium ion in DCE induced the developmentof
intense red colour. The electronic spectrum of the
substitutedpodandsin the presenceof tropylium ion
exhibiteda broadwavelengthabsorptionat 300–600nm.
For example, the addition of 3-methoxybenzene-sub-
stituted podand (P3) to DCE solutions containing
tropylium salt led to theappearanceof a newabsorption
bandwith maximumat about465nm, not found in the
spectrumof eithertropylium tetrafluoroborateor P3. The
intensityof thenewbandincreasedwith the incremental
additionsof podand.The bandis indicativeof a charge-
transfer interaction and the formation of a molecular
complexbetweentropylium ion andthepodand(Fig. 1).
The substantialhypsochromic(blue) shift from 468 to
435nmaccompanyingthechangefrom DCEto MeCNas
solvent (Fig. 2) is in accordancewith the solvent
sensitivityof a charge-transferband.

The methodof continuousvariation, or Job’s meth-
od,13 was used to confirm the stoichiometry of the
complex.As canbe seenin Fig. 3, the occurrenceof a
maximumat a molefractionof 0.5 implies thatonly one
complex (1:1) was presentunder the conditionsused.
Typical double-reciprocalplots for the podand–tropy-
lium ion complexesrevealeda linear relationshipfor the
entire rangeof concentrationstested.This was further
evidencefor the 1:1 stoichiometryof the complexesin
solution.Valuesfor the stability constantsK andmolar
absorptivities of complex "C in DCE for podand–
tropylium ion complexeswere calculatedby the Rose
andDragomethod.3,14 Resultsaregiven in Table1.

Scheme 1.
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Thedatain Table1 suggestthatstepwiseextensionof
the polyetherchaindoesnot lead to an enhancementof
thebindingof thetropylium ion. Likewise,thevaluesof
thestability constantgenerallyrespondedonly slightly to
changesin the aromaticsubstituent.Again, the anthra-
cene-substitutedpodandP9 constitutesanexception;the
value of the stability constant of P9 (85.5� 4.3
dm3 molÿ1) is 10 times larger than the values for the
other podandsstudied. The number of oxygen atoms
involved in the complexation with tropylium ion
hasan impact on the stability of the complexes.Com-
parisonof theK values3 of 0.7� 0.1 dm3 molÿ1 for 1,4-
diphenoxybutane–tropylium (1,4-diPhBu)and 1.5� 0.2

Figure 1. Absorption spectra of tropylium tetra¯uoroborate
(2.0� 10ÿ3

M) in DCE solutions at 25°C in the presence of
increasing amounts of P3: (1) 0, (2) 0.006, (3) 0.012, (4)
0.024, (5) 0.036, (6) 0.048 and (7) 0.06 M

Table 1. Stability constants, molar absorptivities of complexes and free energies of binding for the interaction of podands with
tropylium ion in 1,2-dichloroethane solution at 25°Ca

Podand �max (nm) K (dm3 molÿ1)
"C

(dm3 molÿ1 cmÿ1) ÿDG° (kJ molÿ1) r2

P1 410 7.6� 1.0 662� 43 5.01 0.9966
P2 425 5.9� 2.3 726� 199 4.42 0.9719
P3 465 5.1� 0.7 791� 82 4.05 0.9995
P4 475 5.2� 0.5 573� 43 4.06 0.9997
P5 460 7.7� 1.7 710� 123 5.05 0.9977
P6 450 6.7� 1.2 909� 108 4.73 0.9969
P7 470 7.1� 0.4 1408� 69 4.85 0.9999
P8 430 8.4� 3.3 1447� 353 5.28 0.9809
P9 502 86.2� 4.6 1765� 31 11.05 0.9995
2B18C6b 435 128.5� 4.1 1575� 18 12.04 —
2B24C8b 425 273.5� 13.8 1060� 13 13.91 —
1,4-DiPhBuc 425 0.7� 0.1 — — —
1,8-DiPhOcc 423 1.5� 0.2 — — —

a Valueswerecalculatedfrom the absorbanceat selectedwavelengthby the methodof RoseandDrago,Eqn. (1). Crown ethersare includedfor
comparison.
b Ref. 3.
c Ref. 4.

Figure 2. Absorption spectra of P3±tropylium tetra¯uoro-
borate complex in DCE and MeCN solutions at 25°C. The
change of solvent from DCE to MeCN is accompanied by a
hypsochromic shift (33 nm)

Figure 3. Job plot for P3±tropylium tetra¯uoroborate in DCE
at 25°C, � = 425 nm
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dm3 molÿ1 for 1,8-diphenoxyoctane–tropylium (1,8-di-
PhOc)in DCE at 25°C with our presentK valuesshows
that the stability of the complexes increaseswith
increasingnumberof oxygendonorsin theacyclicchain
(Table 1). The length of the carbon chain in 1,8-
diphenoxyoctane is the sameas in P2, andequalto the
lengthof theopenedmacrocycleof 12-crown-4or half of
the length of openedmacrocycleof 24-crown-8.The
crown ethersdibenzo-24-crown-8 (2B24C8)anddiben-
zo-30-crown-10(2B30C10)arethecyclic counterpartsof
thepodandsP1andP2, andthestability constantsof 274
dm3 molÿ1 for 2B24C8–tropylium3 and 418 dm3 molÿ1

for 2B30C10–tropyliumcomplexes3 in DCE at 25°C
demonstratethatthestericfactorsandmacrocyclicnature
of the host molecule play an important role in the
complexationof tropylium ion (Table1).

The x-ray crystal structureof the solid 1:1 complex
formedbetween2B24C8andtropylium tetrafluoroborate
hasrevealedthat the electron-deficienttropylium ring is
insertedinto the cavity of the macrocyclebetweentwo
adjacentbenzenerings.15 The data in Table 1 indicate
that the acyclic host moleculesare not able to form a
cleft-like cavity stableenoughfor tropylium cation.The
wrap-aroundcapabilityof podandshasbeenexploitedin
many metal ion complexes.16 In these podand–metal
complexes,cationsaresurroundedby oxygenatomsand
the addition of suitableendgroupsenhancesthe ligand
rigidity sufficiently to permit the isolation of the
complexes.Becauseof the sizeandnatureof tropylium
ion, a similar wrap-aroundphenomenonis not encoun-
teredin the podand–tropyliumion systemsstudiedhere.
Theflexibility of thepolyetherchainandtheweaknessof
thep-stackinginteractionin theabsenceof awell shaped
cavity result in relatively weak binding betweenthe
podandsandtropylium ion. Substitutionof the benzene
ringsandincreasein the aromaticsurfacefrom benzene
to naphthaleneboth haveonly a minimal effect on the
stability of the complexes.This observationprovides
furtherevidencethat thep–p interaction,face-to-faceor
edge-to-face,cannotcontributewith full efficacy to the
tropylium complexationwith acyclichosts.Thesizeable
stability constantof P9 showsthat the structuralfactors
of the ligands are of considerableimportancein the
podand–tropyliumion complexation.Multiple bindingis
important in the molecularrecognitionof both neutral
andchargedorganicmoleculesand the requirementsof
steric and functional complementarity and spatial
preorganizationof the host compoundare correspond-
ingly high.17 The attachment of anthraceneto the
polyetherchain via the methyl group in position 9 and
theareaof thearomaticsurfacedifferentiateP9 from the
otherpodandsstudied.Evidentlythespatialpreorganiza-
tion andthereforethep–p interactionalsohavea greater
effecton thestability of theP9–tropyliumcomplexthan
on the stability of the other podandcomplexesin the
presentstudy.

In an attempt to shed light on the complexationof

podandswith tropylium ion, we carriedout semiempi-
rical RHF-AM1 calculationsfor the P1–tropylium sys-
temusingGaussian94.18 As a startingpoint we took the
crystal structureof the 2B24C8–tropyliumtetrafluoro-
boratecomplex.4 Thecyclic structureof thecrownethers
wasbrokenby removingoneof thepolyetherchainsand
thecounterion wasalsotakenaway.Figure4 showsthe
geometry-optimizedstructureof the P1-tropylium ion
complex.Dottedlines indicatethe possibleinteractions.
Similar characteristicswere also displayed by the
optimized 1,7-bis(phenyl)-1,4,7-trioxaheptane–tropy-
lium and1,7-bis(3-methoxyphenyl)-1,4,7-trioxaheptane–
tropylium cation structuresderived from the unsatis-
factorily solved structure of the 2B18C6–tropylium
tetrafluoroboratecomplex.4 The observededge-to-face
interactionbetweenthe aromaticunits in the calculated
structuresdiffers from the interaction in the crystal
structuresof the complexesformed betweendibenzo-
crown ethersand tropylium cation, where the face-to-
face stacking is observed.4 The calculated structures
emphasizethe importanceof the interactionsbetween
oxygenatomsin the podandframeworkand tropylium
cation.The lower stability constantof the1,8-diphenox-
yoctane(two oxygenatoms)thanP1 (four oxygenatoms)
complexesin DCEsolution(Table1) agreeswell with the
importanceof direct interactionsbetweenoxygenatoms
andthe tropylium ion. Additionally, we havepreviously
observedby fast atombombardmentmassspectrometry
thattropylium ionsform complexesin thegasphasewith
acyclic polyetherswithout aromaticsubstituentsin the
polyetherchain.19

CONCLUSIONS

The intermolecularinteractionsin the complexationof
organicguestmoleculesareessentiallyweakerthanthose
in the complexationof metal ions. Among the non-
covalent intermolecular forces that contribute to the
complex formation betweenpodandand tropylium ion
are cooperativeinteractions,suchasaromatic–aromatic

Figure 4. Calculated (RHF-AM1) minimum energy confor-
mation of P1±tropylium ion complex
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p–p interactionbetweenthe electron-richand electron-
deficient aromatic units, CH— O hydrogen bonding
betweenthe polyetheroxygenatomsand the tropylium
hydrogenatomsand electrostaticcation–p interactions
betweenthep-faceof anaromaticsystemandthepositive
chargeof tropylium ion. The sameforces also play a
significant role in self-assemblyprocesseswhere large
ordered nanometre-scale structures are formed in a
selective way from relatively small molecular com-
pounds. Recently, podands and their complexation
capability have beenutilized in supramolecularchem-
istry, most notably in the preparationof rotaxanesand
pseudorotaxanes.20

EXPERIMENTAL

Materials and methods. The starting materials were
purchasedfrom commercialsourcesand usedwithout
further purification,unlessmentionedotherwise.Aceto-
nitrile (MeCN) (Fluka, Buchs, Switzerland) and 1,2-
dichloroethane(DCE) (Lab-Scan,Dublin, Ireland)were
dried and distilled accordingto literatureprocedures.21

1,8-Dichloro-3,6-dioxaoctane and 1,11-dichloro-3,6,9-
trioxaundecanewere preparedby a literature method22

from triethyleneglycol (Fluka) andtetraethyleneglycol
(Fluka), respectively.Thin-layerchromatography(TLC)
was carriedout on aluminium platescoatedwith silica
gel.Compoundsweredetectedby UV radiationmeasure-
ment.Flashcolumn chromatographywasperformedon
silica gel with the solventsspecified.1H and 13C NMR
spectrawererecordedon a BrukerAM200 spectrometer.
NMR chemicalshiftsarereportedin ppmdownfieldfrom
internaltetramethylsilane(TMS).Thecouplingconstants
are expressedin Hz. Electron ionization (EI) and fast
atom bombardment(FAB) massspectrawere obtained
usinga KratosMS 80 massspectrometeroperatingwith
theDART datasystem.Ultraviolet–visible(UV–visible)
spectrawere recordedwith a Philips PU 8740 spectro-
photometerandmatchedglasscellsof 10mmpathlength.
Thecell containingthesolutionwasmaintainedwithin to
�0.05°C of asettemperatureby circulatingwaterfrom a
thermostatedbath through a double-walledcell insert.
The temperatureinside the cell was monitoredwith a
digital thermometer.Small amountsof the compounds
were accurately weighed with a Perkin-Elmer AD-2
autobalance.Elementalanalysiswas carriedout with a
Perkin-Elmer2400apparatus.Melting points(m.p.)were
determinedwith a Thermopanmicroscope(Reichert,
Vienna, Austria) melting-point apparatusand are un-
corrected.

General procedure for the synthesis of substituted
podands P1±P8. A mixtureof NaOH(2.04g,0.051mol),
aromatic alcohol (0.05mol) and dichloroglycol
(0.025mol) wasstirredandheatedat reflux in 20ml of
H2O–EtOH (1:1) for 16–24h, after which the reaction

mixture was allowed to cool to room temperature.The
mixture was partitioned betweendichloromethaneand
water.Theorganiclayerwasseparatedandwashedwith
5% NaOH solution, water and brine and dried over
MgSO4. Evaporationgavethecrudeproduct,which was
subjectedto further purification.

1,10-Diphenyl-1,4,7,10-tetraoxaundecane (P1). The
compound was prepared in 75% yield by literature
method.23 White crystals;m.p. 43°C (lit. 43.5–45°C);23

1H NMR (CDCl3, 25°C), � 7.22–7.32(4H, aryl, m),
6.87–6.92(6H,aryl, m), 4.13(4H,a-CH2, t, J = 4.37Hz),
3.87(4H, b-CH2, J= 4.6Hz, t), 3.76(4H, g-CH2, s); 13C
NMR (CDCl3, 25°C), � 68.1, 70.5, 71.6, 115.4,121.5,
130.1; EI MS (70eV), m/z 302 [M�]; HRMS (EI),
calculated302.1518,observed302.1512.

1,13-Diphenyl-1,4,7,10,13-pentaoxatridecane (P2).
1,11-Dichloro-3,6,9-trioxaundecanewas converted to
the title productand isolatedasa colourlessoil in 84%
yield by distillation. B.p. 151°C (0.1mmHg); 1H NMR
(CDCl3, 25°C), � 7.21–7.31(4H, aryl, m), 6.81–6.98
(6H, aryl, m), 4.12(4H,a-CH2, m), 3.87(4H,b-CH2, m),
3.87(8H, g-Z-CH2, m); 13C NMR (CDCl3, 25°C), � 68.2,
70.5,71.4,115.5,121.6,130.1,159.8;EI MS (70eV), m/
z 346[M�]; CI (NH3) MS, m/z 365[M � NH3]

�; HRMS
(EI), calculated346.4224,observed346.1777.

1,10-Bis(4-methoxyphenyl)-1,4,7,10-tetraoxaunde-
cane (P3). Recrystallizationfrom EtOHaffordedthetitle
compoundasa whitecrystallinesolid in 96%yield. M.p.
70°C; 1H NMR (CDCl3, 25°C), � 6.78(8H, aryl, s),5.18
(4H,a-CH2, m), 3.60–3.80(6H,OCH3, 4H,8H, g-Z-CH2,
m); 13C NMR (CDCl3, 25°C), � 43.4,56.5,71.3,72.1,
115.6,116.7,150.2,154.4;EI MS (70eV),m/z362[M�],
CI (NH3) MS, m/z 380 [M � NH3]

�; HRMS (EI),
calculated362.1729,observed362.1712.

1,13-Bis(4-methoxyphenyl)-1,4,7,10,13-pentaoxatri-
decane (P4). Subjectionof thecolourlessoil to silica gel
columnchromatographywith EtOAc–n-hexane(1:1) as
the eluentaffordedP4 in 82% yield. 1H NMR (CDCl3,
25°C), � 6.78–6.88(8H, aryl, m), 4.06 (4H, a-CH2, t,
J = 4.8Hz), 3.82 (4H, b-CH2, t, J = 4.8Hz), 3.75 (6H,
OCH3, s), 3.70 (8H, g-Z-CH2, m); 13C NMR (CDCl3,
25°C), � 56.3,68.7,70.5,71.3,71.4,115.2,153.6,154.5;
EI MS (70eV), m/z 406 [M�]; HRMS (EI), calculated
406.1991,observed406.1966.

1,8-Bis[(4-benzyloxy)phenoxy]-3,6-dioxaoctane (P5). 4-
Benzyloxyphenol(Aldrich, Milwaukee, WI, USA) was
used as a starting material. The crude product was
recrystallized from CH2Cl2–Et2O affording a white
crystalline solid in 28% yield. M.p. 110°C; 1H NMR
(CDCl3, 25°C), � 7.30–7.40(10H, aryl, m), 6.81–6.91
(8H, aryl, m), 5.00 (4H, CH2, s), 4.08 (4H, a-CH2, t,
J = 4.8Hz), 3.83(4H, b-CH2, J = 4.8Hz, t), 3.74(4H, g-
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CH2, s); 13C NMR (CDCl3, 25°C), � 68.8, 70.6, 71.4,
71.5, 116.3, 116.5, 128.2, 128.6, 129.2, 153.9; EI MS
(70eV),m/z514[M�]; HRMS(EI), calculated514.2355,
observed514.2359.

1,11-Bis[(4-benzyloxy)phenoxy]-3,6,9-trioxaundecane
(P6). Thewhite solid wasobtainedafter recrystallization
from CH2Cl2–Et2O, yield 88%. M.p. 84°C; 1H NMR
(CDCl3, 25°C), � 7.30–7.43(10H, aryl, m), 6.80–6.91
(8H, aryl, m), 5.00 (4H, CH2, s), 4.07 (4H, a-CH2, t,
J = 4.8Hz), 1.98(4H, a-CH2, t, J = 4.8Hz), 3.70(8H, g-
-CH2, m); 13C NMR (CDCl3, 25°C), � 68.1,69.8,70.6,
70.7, 70.8, 115.6, 115.7, 127.5, 127.9, 128.5, 137.3,
153.1; EI MS (70eV), m/z 558 [M�]; HRMS (EI),
calculated558.2617,observed558.2614.

1,10-Dinaphthalene-1,4,7,10-tetraoxaundecane (P7).
Evaporationgave the solid, which was recrystallized
from CH2Cl2–Et2O in 37% yield. M.p. 77–78°C; 1H
NMR (CDCl3, 25°C), � 7.66–7.77(6H, aryl, m), 7.27–
7.48(4H, aryl, m), 7.09–7.22(4H, aryl, m), 4.23(4H, a-
CH2, m), 3.91 (4H, b-CH2, m), 3.57–3.80(4H, g-CH2,
m); 13C NMR (CDCl3, 25°C), � 67.5,69.8,70.6,71.0,
106.8,119.0,123.6,126.3,126.8,127.6,129.1,129.4,
134.5, 136.3, 156.7; EI MS (70eV), m/z 402 [M�];
HRMS (EI), calculated402.1831,observed402.1813.

1,13-Dinaphthalene-1,4,7,10,13-pentaoxatridecane
(P8). Evaporation gave the white solid, which was
recrystallizedfrom CH2Cl2–Et2O in 76% yield. M.p.
44–46°C; 1H NMR (CDCl3, 25°C), � 7.65–7.78(6H,
aryl, m), 7.26–7.48(4H, aryl, m), 7.09–7.21(4H, aryl,
m),4.23(4H,a-CH2, m), 3.91(4H,b-CH2, m),3.57–3.80
(10H, g-Z-CH2, m); 13C NMR (CDCl3, 25°C), � 67.4,
69.7,70.7,70.8,106.8,119.0,123.6,126.3,126.7,127.6,
129.0,129.3,134.5,156.7;EI MS (70eV),m/z446[M�];
HRMS (EI), calculated446.2093,observed446.2105.

1,12-Bis(anthryl-9)-2,5,8,11-tetraoxadodecane (P9). At
room temperature,to a solution of 9-hydroxymethylan-
thracene (1.12g, 5.36mmol) (Aldrich) in dry DMF
(40ml) was addeddropwisewith stirring NaH 0.28g
(5.5mmol,50%in mineraloil, washedpreviouslywith n-
pentane)in dry DMF (10ml). Stirring wascontinuedfor
30min after completion of the addition. A dry DMF
solution(10ml) of triethyleneglycol ditosylate24 (1.23g,
2.68mmol) wasthenintroduceddropwise.The reaction
mixture waswarmedfor 18h at 80°C beforecooling to
roomtemperature.The excessof NaH wasquenchedby
theadditionof a few dropsof water,thenthesolventwas
removed in vacuo and the residue was partitioned
between water (30ml) and dichloromethane(40ml).
Theorganiclayerwaswashedtwicewith 2 M HCl, water
andbrine anddried over MgSO4. Evaporationgavethe
crudeproduct,which wassubjectedto silica gel column
chromatographywith EtOAc–n-hexane (1:1) as the
eluent. Recrystallizationfrom EtOH afforded the title

compoundas a light yellow crystalline solid in 23%
yield. M.p. 73°C; 1H NMR (CDCl3, 25°C), � 8.39(6H,
aryl,d,J = 10.5Hz),7.97(4H,aryl,dd,J = 9.4Hz),7.38–
7.55(8H, aryl, m), 3.72–3.78(4H, a-CH2, m), 3.63–3.67
(4H, b-CH2, m), 3.63(4H, g-CH2, s); 13C NMR (CDCl3,
25°C), � 66.0, 70.2, 71.4, 71.6, 125.1, 125.6, 126.8,
129.0,129.5,129.6,132.1;EI MS (70eV),m/z530[M�],
HRMS (EI), calculated530.2457,observed530.2420.

1,3,5-Cycloheptatrienylium tetra¯uoroborate. Tropy-
lium salt was preparedaccording to literature proce-
dures;25 m.p. 203°C (decomp.); 1H NMR (CD3CN,
30°C), � 9.24(7H, s).

Complexation studies. Stability constant determina-
tion by UV±visible spectrophotometry. The stability
constantfor 1:1 complexationwasdefinedby a method
describedin detail elsewhere.3 The absorptionmeasure-
mentsweremadeimmediatelyafterthemixing of podand
andtropylium solutions.TheRose–Dragoequation:

1
K
� Aÿ A0

"C ÿ "A
ÿ CA ÿ CD � CDCA�"Cÿ "A�

Aÿ A0
�1�

whereA0 is theabsorbanceof pureacceptorsolution,A is
the absorbanceof the acceptor–donorsolution, CA and
CD are the initial concentrationsof acceptoranddonor,
and"C and"A arethemolarabsorptivitiesof complexand
acceptorin solution,respectively,containstwo unknown
constants,K and"C, whichwereevaluatedby aniteration
method with a PC implementing the SigmaPlot 4.0
program.26 The program relies on a least-squares
procedurewith the Marquardt–Levenbergalgorithm.27

The errors in K and "C were evaluatednumericallyby
standarddeviationsof single K and "C valuesusually
obtainedfrom 6–10measurements.
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3. M. LämsäandT. Kuokkanen,J. Phys.Org. Chem.9, 21 (1996).
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