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Abstract: The (9-anthracenyl)methylammonium and (9-anthracenyl)benzylammonium tetrakis(hexafluorophosphate)
salts give hydrogen-bonded complexes in,CH with aromatic crown ethers containing dibenfxB( or dinaphtho

(DN) units. The association constants vary fromx3L0° to 1 x 10° M~1 in CH,Cl,, depending on the specific
ammonium cation and crown ether involved. In a number of cases, pseudorotaxane-like geometries for the complexes
are demonstrated by (81 NMR spectroscopy in solution, (b) X-ray crystallography in the solid state, and (c) mass
spectrometry in the gas phase. The results obtained by absorption, emission, and excitation spectroscopy and excited
lifetimes show that, as a consequence of the hydrogen bond driven recognition process, the anthracene chromophoric
unit interacts with the aromatic units of the crown ethers. In the complexes involvingB&h8C6 DB24C8, and
DB30C10macrocycles, the interaction leads to the complete quenching of the fluorescence of the dialkoxybenzene
moieties and parallels sensitization of the anthracene fluorescence. In the compléxe<Ddf38C1Q both the

crown and the anthracene fluorescence are completely quenched, most likely by an energy-transfer cascade involving
the triplet state of the dialkoxynaphthalene moiety. In the complex@630DN30C1Q the interaction between the
anthracene moiety and the naphthalene rings of the crown ether is relatively strong, as indicated by the perturbation
of the absorption bands, the disappearance of the fluorescence bands of the naphthalene- and anthracene-type
chromophoric units, and the appearance of a new, broad fluorescence band. The complexes can also be formed by
addition of CRCOOH or CESOsH to CH,CI; solutions containing crown ether and amine. The association process
betweerDB24C8and (9-anthracenyl)benzylammonium salt can be reversed quantitatively upon addition of a suitable
base and the complex can be formed again after treatment with acid.

Introduction are reflected in a monitorable signal. The second one (“photon
o . . . reading”) is based on an interaction between components of a
Much attention is being devoted currently to the interaction g sramolecular system which affects their photon response, such
between light and designed supramolecular systems, a numbef 4t the occurrence of the interaction can be revealed (“read”)
of which exploit the energy and/or information content of 1, some form of excited state manifestatiawsually lumines-
photons’ This exploitation can be achieved by two different cence. In hostguest complexes, the photochemical and
24, H “ ' LA _ " X N ’ .
routes.f‘e The flrs_t ro.ute (‘photon writing”) involves a pho photophysical properties of each component can be modified
toregctlon occurring in a supramolecglar system that Cau.sesprofoundly upon complexation. Such changes can be useful in
(‘writes”) some changes in the properties of the system which obtaining information on the structure of a complex and also

in assisting the design of sensors for a variety of applications.
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Figure 1. Formulas of the compounds and abbreviations used.

devices® together with recent studies on photoinduced energy-
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on hydrogen bond$has led us to explore whether interactions
between crown ethers and R4, ions can be exploited in

the design of systems of both photochemical and photophysical
interest. Thus, we have chosen two'RR" ions and a range

of aromatic crown ethers, both exhibiting fluorescence proper-
ties, and studied the photoinduced processes that take place in
their complexes. Their structural features have been studied
by (a) X-ray crystallography in the solid state, ) NMR
spectroscopy in solution, and (c) mass spectrometry in the gas
phase. Finally, we describe in one of the 1:1 complexes a
reversible base-induced decomplexation process which can be
monitored by both'H NMR spectroscopy and luminescence
studies.

Results and Discussion

Synthesis. We have targetted the formation of inclusion
complexes between the saltsH-PR and 2-H-PF;, both
containing a photosensitizean anthracene unitas the terminal
substituent, an®B18C6 DB24C8 DB30C1Q 1/5-DN38C10Q
2/3-DN30C10Q andBPP34C10as the macrocyclic components
(Figure 1). The amine precursor to tHeH-PFR; salt is
commercially available and the (9-anthracenyl)methylbenzy-
lammonium hexafluorophosphateH-PF; was readily preparéd
as follows (Scheme 1). Condensation of 9-anthraldehyde with

and electron-transfer processes in supramolecular systems base@hCHNH,, followed by reduction (NaB@MeOH) of the imine,

(4) (a) Shinkai, S.; Ishihara, M.; Ueda, K.; Manabe,JOChem. Soc.,
Perkin Trans. 21985 511-518. (b) Sutherland, I. @Chem. Soc. Re1986
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yielded2, which, after treatment with concentrated HCI followed
by counterion exchange (NRR/H,O/Me,CO), afforded the
pure salt2-H-PFs.

Photophysical Properties of the Components.The absorp-
tion and emission properties of the components are summarized
in Table 1. The absorption and emission spectr2-6f-PFs
and of the crown ethe3B24C8and1/5-DN38C10are shown
in Figures 2 and 3. The absorption spectttimf 2-H:PF;,
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Hydrogen-Bonded Adducts of Aromatic Crown Ethers

Table 1. Absorption and Emission Properties in @H, Solution
at 298 K

absorption fluorescence
Amax(NM) e M~ ecm™)  Amax(nM) Lt 7 (NS)
1-H*t 372 6000 421 100 12.0
2-H* 372 7400 423 82 10.0
DB18C6 277 4900 310 4 05
DB24C8 277 5100 312 5 05
DB30C10 277 4600 312 5 05
1/5-DN38C10 297 16500 345 68 8.0
2/3-DN30C10 268 8800 342 104 9.6
2.0
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Figure 2. Absorption spectra of the protonated derivat®«i* and
of the crown ether®B24C8and1/5-DN38C10in CH,CI; solution at
298 K.
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Figure 3. Emission spectra of the derivatiZH* and of the crown
ethersDB24C8 and 1/5-DN38C10in CHCl, solution at 298 K.

which above 270 nm is very similar to that H-PF;, shows

J. Am. Chem. Soc., Vol. 119, No. 4410823

Table 2. Association Constantg, M~1) in CH.Cl, at 298 K
DB18C6 DB24C8 DB30C10 1/5-DN38C10 2/3-DN30C10

1-H" 14x10* 1.0x 1¢° 7.0x 10* 5.0x 103 4.0x 1C°
2-HT 3.0x 10° 1.0x 1(f 2.0x 1C° 7.0x 103 40x 10°

@ Obtained by spectrofluorimetric measurements.

spectrum of crown eth&/3-DN30C10is slightly different than
that of 1/5-DN38C10Q because of the difference between the
2,3- and 1,5-dimethoxynaphthalene ui#s.

It is well-knowntd that amines linked covalently to anthracene
guench its fluorescence by intramolecular electron transfer
involving the lone pair on the amino group. When the amino
group is protonated, the quenching process is prevented and
the strong, structured fluorescence band of the anthracerg unit
is present. The fluorescence spectrum (Figure 3-biFPFs
shows such a structured fluorescence band. The fluorescence
spectrum ofl-H-PFs is very similar to that o2-H-PFs (Table
1).

Each crown ether exhibits (Table 1) an intense and short-
lived fluorescence. The fluorescence spectr®BR24C8 and
1/5-DN38C10are shown in Figure 3. In a rigid matrix at 77
K, the crown ethers also show a relatively strong phosphores-
cence band.

Complex Formation. When the amine precursors dfH--

PFs and2-H+-PF; are dissolved in CkCl, solutions of the crown
ethers, no change is observed in the spectra compared with those
for the separate species. However, when the amine precursors
1 and 2 are replaced by the BF salts1-H-Pk; and 2-H-PF,
strong changes in the fluorescence properties (and, in one case,
also in the absorption spectrumide infra) are observed. Such
changes indicate that complexes are being formed in which the
chromophoric groups of the protonated amines and crown ethers
undergo electronic interaction.

It is generally observed that, in GHI, solution, the
fluorescence intensities of the crown ethers decrease, up to
complete disappearance, on additionlefl-PF; or 2-H-PFs.
Under the experimental conditions used for the photophysical
experiments, the predominant species were 1:1 complexes in
all cases. Thé, values obtained (Table 2) vary from310°
to 1 x 10° M~1, depending on the specific ammonium ion and
crown ether involved.

Qualitatively similar changes in the fluorescence spectra can

be observed when GEOOH or CESO;H are added to CH
Cl; solutions containing a crown ether and the amihes 2.
This observation confirms that a necessary condition for
complex formation is the protonation of the amines. A role is
also played, however, by the counterion of the protonated
amines. In the case of GEO;~, the association constant of

the characteristic structured bands of the anthracene chro-the complex is considerably smaller than that fogPe.g, 2

mophoric unitt! The absorption spectrum of crown ether
DB24C8 which is practically identical to those of crown ethers
DB18C6 andDB30C1Q shows the characteristic band for the

1,2-dimethoxybenzene chromophoric ui#&.The absorption
spectrum of crown ethel/5-DN38C10shows the characteristic
bands of the naphthalene-type compouHd#s expected, the

(11) (&) Murov, S. L.; Carmichael, I.; Hug, G. LHandbook of
PhotochemistryDekker: New York, 1993. (b) Beriman, |. Biandbook
of Fluorescence Spectra of Aromatic Compoy#dsdemic Press: London,
1965. (c) JaffeH. H.; Orchin, M.Theory and Applications of Ultraolet
SpectroscopyWiley: New York, 1964.

(12) (a) Anelli, P. L.; Ashton, P. R.; Ballardini, R.; Balzani, V.; Delgado,
M.; Gandolfi, M. T.; Goodnow, T. T.; Kaifer, A. E.; Philp, D.; Pietraszk-
iewicz, M.; Prodi, L.; Reddington, M. V.; Slawin, A. M. Z.; Spencer, N.;

Stoddart, J. F.; Vicent, C.; Williams, D. J. Am. Chem. S0d.992 114
193-218. (b) Ballardini, R.; Gandolfi, M. T.; Prodi, L.; Ciano, M.; Balzani,
V.; Kohnke, F.; Shariari-Zavariah, H.; Spencer, N.; Stoddart, J. Am.
Chem. Soc1989 111, 7072-7078.

x 10* M1 for 2-H-CR:S0; with DB24C8). In the case of
CRCOO, we have foun# previously that formation of a
complex between the protonated amine and the counterion
competes favorably with the formation of the complex between
the protonated amine and the crown ether, so that the formation
of the latter complex begins only after addition of more than
one equivalent of acid. In all cases, the spectral changes can
be fully reversed upon the addition of a suitable base like
tributylamine.

X-ray Crystallography: Complexes between 2-HPFg and
the Crown Ether DB24C8 in the Solid State. The solid state
structure (Figure 4) of the 1:1 complex formed between the
DB24C8 and 2-H-PF; shows there to be two independent
virtually identical 1:1 complexes (A and B) in the crystal. In
each case, the cation is threaded through the centers of the
DB24C8macrocycles, the 1:1 complexes being stabilized by a



10644 J. Am. Chem. Soc., Vol. 119, No. 44, 1997

Figure 4. The solid state superstructure of one (A) of the pairs of
crystallographically-independent 1:1 complexes, formed bet&24C8

and 2-H-PFR;,, showing the intercomponent [N-H---O] hydrogen
bonding andz—x stacking interactions. Hydrogen bonding geom-
etries: [Nr---Q], [H---O] distances (&), [N—H---O] angles (deg), (a)
3.15, 2.15, 150; (b) 3.02, 2.35, 126; (c) 3.15, 2.23, 159. The equivalent
hydrogen bonding geometries in the other (B) independent complex
are (a) 2.98, 2.09, 154; (b) 3.01, 2.36, 125; (c) 3.04, 2.14, 157.

combination of [N‘—H---O] hydrogen bonds between the
ammonium hydrogen atoms of the guest and the polyether
oxygen atoms of the host, and a face-to-facen stacking
interaction between one of the catechol rings of B&24C8

and the anthracenyl ring of the cati@rH-PFs. In complex A,

the catechol and the anthracenyl rings are inclineccéy3®

and have a mean interplanar separation of 3.47 A; in complex
B, these parameters aré &nd 3.50 A, respectively. The only
significant difference between the two complexes, A and B, is
in the conformation adopted by the two cations. In both
complexes, the ECH,—NH,;"—CH,—C backbones adopt an
all-anti geometry that is coplanar to better than 0.1 A. Although

Ashton et al.
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Figure 5. 'H NMR (300 MHz, CDC}/MeCN, 6:1) spectra of (a) the
dialkylammonium sal2-H-PF; and (b) of a 1:1 mixture oR-H-PFK
and DB24C8 showing signals for both complexed (indicated on the
Figure with ¢) and uncomplexed (indicated on the Figure with uc)
species.

the plane of the anthracenyl ring system is, in each case, inclineddecomplexation processes are both slow ontth&lMR (300

by 88 to the plane of the backbone, the phenyl rings adopt
differing twist angles of 4%4and 27 in complexes A and B,
respectively. Inspection of the packing of the 1:1 complexes
reveals a chain of aromati@romatic edge-to-face interactions
“linking” complexes A and B throughout the crystal. One of
these interactions involves the edge of a catechol ring of one
complex (A) and the face of one of the terminal six-membered
rings of the anthracenyl ring in the neighboring complex (B)
(the associated [H-7] distance and [€&H---t] angle are 2.79

A and 68). The other edge-to-face interaction is between the
edge of one of the catechol rings in complex B and the face of
the z-stacked catechol ring in complex A. Here, the {¢t]
distance and [EH-+-x] angle are 2.92 A and 183respectively.

IH NMR Spectroscopy: Formation of the Complexes
between 2-HPFs and the Crown Ether DB24C8 in Solution.
The addition of equimolar amounts of the crown etb&24C8
to a solution of2-H-PFK; in a mixture of CDC} and CQxCN
(6:1, v/v) at 25°C produces significant shifts in tHél NMR
signals assigned to both of the components. THeNMR
spectra oR-H-PF; in its free form and of an equimolar mixture
of 2-H-PR and DB24C8in a solution of CDX and CCN
(6:1, v/v) at 25°C are shown in parts a and b of Figure 5,

MHz) time scale at room temperature.

The 'H NMR chemical shifts § values) for the different
componentsB24C8 BPP34C1Q 1/5-DN38C1Q and2-H--

PFs) and of their changesAp values) upon complexation are
reported in Table 3. In the case BB24C8 large downfield
shifts are detectable for the methylene protods @nd Hb)
adjacent to the Nkt center. Since similar downfield shifts have
already been reportédfor the formation of pseudorotaxane
complexes between the dibenzylammonium cation@Ba4C8

this result suggests the formation of a 1:1 complex with a
pseudorotaxane-like geometry in this case as well.

The A6 value A6 = 0.93 ppm) for the benzylic methylene
protons is larger than tha( = 0.30 ppm) for the anthracenyl-
methyl protons, suggesting that, while the benzylic methylene
group can penetrate into the cavity of ti#B24C8 the
anthracenylmethyl group cannot because of the steric hindrance
of the proximal 9-substituted anthracene mofetydowever,
upon complexation, while the resonance assigned toHbe
proton of the anthracenyl group becomes strongly deshielded,
the signals assigned to thiel andHe protons become shielded.
Furthermore, the protons located on the macrocyclic polyether’s
catechol ring resonate as two sets of signals that are shifted

respectively. The assignments of the resonances are based ostrongly upfield with respect to the signal associated with the

NOE experiments. The spectrum 2H-PF;, recorded in the
presence 0DB24C8 shows (Figure 5b) distinguishable sets
of resonances for (1) free-H-PF;, (2) freeDB24C8 and (3)
the 1:1 complex between the crown ether and theNRR"™
ion, indicating that the kinetics of the complexation and

uncomplexed crown ether as a consequence ofthe stacking
interactions between the anthracene moiety of the guest and
the catechol rings of the host (Figure 4). A bidimensional NOE
experiment was undertaken on an equimolar mixturg-bif-

PR andDB24C8in CDCl; and CXCN (6:1, v/v) as solvent
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Table 3. Chemical Shifts § values) and Chemical Shift Changesd(values) in thetH NMR (300 MHz, CHCHMeCN, 6:1, rt) Spectral Data
of the Dialkylammonium Salp-H-PFK; with 1 molar equiv of the Three Crown EtherBB24C8 BPP34C1Q 1/5-DN38C16-upon
Complexation

Hh Hk Hi
PFs. — ™\ /7~ Hg 3/\0@0/7) OK\OO/HO
e e o o ¢ PR P
H Hcﬁ o'\/°\_/°\J° &o o—) <—o oJ
: 2 <00 I o

2-H-PFy DB24C8 BPP34C10 1/5-DN38C10

2-H-PFs6 DB24C86  complexd A0 BPP34C1® complexd A0 1/5-DN38C100  complexd AO

Ha 4.30 5.23 0.93 4.10 —0.2 4.22 —0.08
Hb 5.12 5.42 0.30 5.10 —0.02 5.06 —0.06
Hc 7.78 8.33 0.34 7.99 0.00 796 —0.03
Hd 8.53 8.00 —0.53 8.51 —0.02 8.49 —0.04
He 7.99 7.73 —-0.11 7.77 —0.07 7.75 —0.09
Hf 6.79 6.56 —0.23

Hg 6.79 6.20 —0.59

Hh 6.62 6.48 —0.14

Hi 7.63 7.59 —0.04
Hj 7.06 7.02 —0.04
Hk 6.34 6.34 —0.05

system at 25C. Further evidence for the formation of a 1:1
complex betweeg-H-PF; andDB24C8with a pseudorotaxane-
like geometry has been obtained from the identification of
intermolecular interactiorsnamely, between the protons on the
crown ether's polyether chain and the benzylic methylene
protonsHa and theHc protons on the anthracenyl group. The
fact that an NOE is observed between the benzylic methylene
protonsHa and theO-methylene protons associated with the
DB24C8s polyether chain confirms the hypothesis that the
benzylic group can penetrate deeply into the crown ether’s
cavity.

Since the equilibrium kinetics are slow on thé NMR time
scale for an equimolar mixture &H-PFR and DB24C8in a
mixture of CDCk and CIRCN (6:1, v/v) at 25°C, it is possible
to determine the absolute concentration of the three species at
equilibrium from integration of the spectrum, and hence, a single
pOInF determinatiof? of the association constant can be made. Figure 6. The superstructure in the crystal of the 1:2 complex formed
In this manner, &, value of 12 600 M* was obtained for the  petyveerBPP34C10and2-H-PR;, showing the [N—H:-+-O] hydrogen
1:1 complex. bonding. Hydrogen bonding geometries: *(NO], [H---O] distances

Mass Spectrometry: Formation of the Complex between (A), N*—H---O] angles (deg): (a) 2.99, 2.04, 168; (b) 2.96, 2.01, 169.
2-H-PFs and the Crown Ether DB24C8 in the Gas Phase.

When LS| mass spectrometry was used to characterize the177, the former twist being about the-NC bond toward the
complex formed betwee2+H-PFs and the crown ethddB24C8 anthracene ring. The inclinations of the-@ bonds to their

a peak for the [M— PFg]* ion was observed an/z 746 for adjacent phenyl and anthracenyl rings are® Ghd 84,
[DB24C8&1-H][PF¢], confirming the 1:1 stoichiometry of the  respectively. The intracomplex separation between the two
complex in the gas phase. NH," centers is 8.5 A. Investigation of the packing of the 1:2

X-ray Crystallography: Complex between 2-HPFs and complexes reveals the presence of an elegant two-dimensional
the Crown Ether BPP34C10 in the Solid State. The X-ray n-stacked sheet with, in one direction, centrosymmetrically
analysis of the 1:2 complex formed betweBRP34C10and related pairs of anthracenyl rings being in a slightly offset
2-H-PFs reveals (Figure 6) a characteristic geométrgamely parallel stacked geometry (mean interplanar separation of 3.35
the threading of a pair of RRH," cations through the center  A) and, in the otherg-stacked hydroquinone rings, also related
of the BPP34C10macr0cyC|e in a:i Symmetric arrangement. by C Symmetry (mean interplanar Separation 3.48 A, centroid
The 1:2 complex is stabilized by two pairs of {NH---Q] centroid distance 4.09 A).
hydrogen bonds between the Micenters and the second and IH NMR Spectroscopy: Formation of the Complexes
fourth oxygen atoms of each polyether loop. There are no between 2-HPFs; and the Crown Ether BPP34C10 in

secondary intracomplex [EH:+-0], [C—H-x], or 7~ in- Solution. The addition of equimolar amounts of the crown ether

teractions. The conformation of the cation differs significantly . : :
. BPP34C10to a solution of2-H-PFs in a mixture of CDC4 and
from that observed in the complex betwd2B24C8and2-H-- CD:CN (6:1, v/v) at 25°C produces shifts in théH NMR

> — +__ — i
PFs, the C-CH,—NH,"—CH,—C backbones being nonplanar signals (Table 3). The observed changes in chemical shifts were
with torsional twists about the two-€N bonds of 104 and -
not so pronounced as the ones recorded after addition of

(13) Connors, K. ABinding ConstantsWiley, New York, 1987. equimolar amounts d®B24C8to a solution of the ammonium
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Figure 7. The superstructure in the crystal of the 1:2 complex formed
1/5-DN38C10 and 2-H-PFR;, showing the [N—H---O] hydrogen
bonding. Hydrogen bonding geometries: 1fNO], [H---O] distances
(A), [N*—H---O] angles (deg): (a) 3.02, 2.07, 168; (b) 2.98, 1.96, 161.

salt2-H-PF;. In the case oBPP34C10Q downfield shifts are
also observed for the methylene protons, particularly the
benzylic methylene ones, and upfield shifts for tHe, Hd,

and He protons of the anthracenyl moiety in the ammonium
cation. Upon complexation, the signals for the hydroquinone
rings of the crown ether are shifted upfield. The three distinct

sets of resonances for the free components and for the comple

are not observed as in the case of the complex DBE24C8§

presumably because the equilibrium between the complexed an

the uncomplexed species is now fast on#HNMR time scale

at room temperature. Thus, the chemical shifts listed in Table

Ashton et al.

by 84° to the ring plane, whereas that adjacent to the phenyl
ring is inclined by 338 and 47—there being two alternate
orientations for the phenyl ring in the structure. The intramo-
lecular N++N separation is 9.1 A. The mode of packing of the
1:2 complexes differs from that observed for tREP34C10
analog in that ther—r stacking is only unidirectional, involving
the 1,5-dioxynaphthalene ring systems of t&-DN38C10
macrocycles. The naphtho rings are parallel with an interplanar
separation of 3.38 A, but offset such that one of the hydrogen
atoms of the attached OGHroup in one molecule is directed
into the center of one of the six-membered rings of the 1,5-
dioxynaphthalene ring system of the next complex. The-fH
distance is 2.64 A and the associated-}&: -] angle is 1489.

IH NMR Spectroscopy: Formation of the Complexes
between 2-HPFs and the Crown Ether 1/5-DN38C10 in
Solution. The addition of equimolar amounts of the crown ether
1/5-DN38C10to a solution of2-H-PF; in a mixture of CDC}
and CCN (6:1, v/v) at 25°C produces shifts in thtH NMR
signals (Table 3). The observed changes in chemical shifts were
not so pronounced as the ones recorded after addition of
equimolar amounts ddB24C8to a solution of the ammonium
salt 2-H-PFs. In the case of the macrocycl#5-DN38C1Q
downfield shifts are also observed for the methylene protons,
particularly the benzylic methylene ones, and upfield shifts for
the Hc, Hd, andHe protons of the anthracenyl group in the
ammonium cation. Upon complexation, the signals for the 1,5-
dioxynaphthalene rings of the crown ether are shifted upfield.
The three distinct sets of resonances for the free components

Xand for the complex are not observegd. (the complex with

B24C8), presumably because the equilibrium between the
omplexed and the uncomplexed species is fast oHH¢MR
time scale at room temperature. Thus, the chemical shifts listed
in Table 3 are the time-averaged signals for the complexed and

3 are the time-averaged signals for the complexed and uncom'uncomplexed species involvirg5-DN38C10and2-H-PF, It

plexed species involvingBPP34C10 with 2-H-PR.. The
2-H-PF; salt has a very low solubility in CEZl,, but it can be
dissolved in the presence of an equimolar amouBRP34C10
Additionally, it is interesting to note that tdél NMR spectrum,
obtained after filtration of a suspension of an exceszdiPFs
in CD,Cl, containing BPP34C1Q showed a stoichiometry
associated with a 1:2 complexBPP34C10(2-H-PF)].

Mass Spectrometry: Formation of the Complex between
2-H-PFg and the Crown Ether BPP34C10 in the Gas Phase.

was not possible to perform complexation experiments in
CD,ClI, with 1/5-DN38C10because of the insolubility of this
crown ether in this solvent. When CD{lWas used as the
solvent, in which the crown ether is indeed soluble, it did not
extract the salB-H-PFR. In the'H NMR spectrum, only signals
for the uncomplexed crown ether are present. Similar results
were obtained when attempting to uB®P34C10to extract
2-H-PF; into CDCL.

Mass Spectrometry: Formation of the Complex between

When LSI mass spectrometry was used to characterize theZ-H-PFe and the Crown Ether 1/5-DN38C10 in the Gas

complex formed betweeRH-PF andBPP34C10Q a peak for
the [M — PRg]* ion was observed ah/z1277 for BPP34C10(2-
H),][PFe], confirming that the 1:2 stoichiometry also exists in
the gas phase.

X-ray Crystallography: Complex between 2-HPFs and
the Crown Ether 1/5-DN38C10 in the Solid State.The solid
state structure of the 1:2 complex formed betw&ERDN38C10
and 2-H-PFR; shows (Figure 7) the two cations to be threaded
through the center of the macrocycle, adopting an overall
geometry similar to that observed for the 1:2 complex involving

Phase. When LS| mass spectrometry was used to characterize
the complex formed betwe&aH-PF; and1/5-DN38C1Q a peak

for the [M — PR]* ion was observed an/z 1377 for [L/5-
DN38C10(2-H),][PF¢], confirming that the 1:2 stoichiometry
also exists in the gas phase.

Photophysical Processes in the Complexes

Complexes with Dibenzocrown Ethers DB18C6-DB30C10.
The complexes of-H-PFR; and2-H-PFRs with the crown ethers

BPP34C10 The superstructure once again has crystallographic DB18C6—-DB30C10exhibit very similar properties in their UV/

Ci symmetry and is stabilized by a combination of fiNH-+-O]
and [C—H---7] hydrogen bonding interactions. The former are
between the Nk centers and the second and fourth oxygen

vis spectra. The absorption spectra of the,CH solutions,
containing equimolar amounts of protonated amines and crown
ethers (1.0x 1074 M), are very close to that of the sums of the

atoms of the polyether loops, whereas the latter is from a separate components.
naphthyl hydrogen atom H-2 and one of the outer six-membered Upon excitation at 276 nm (where most of the light is

rings of an adjacent anthracenyl ring systetine [H---x]
distances and [EH---7] angles are 2.92 A and 143respec-
tively. The C-CH,—NH,"—CH,—C backbones of each cation
are again nonplanar with-EN torsional angles of 87(toward

the anthracenyl group) and 7{toward the phenyl group). The
C—N bond adjacent to the anthracenyl ring system is inclined

absorbed by the crown ether moiety (Figure 2)), the crown ether
DB24C8 fluorescence Amax = 312 nm) is almost completely
guenched and that of the protonated amitig,(= 423 nm) is
much higher than that expected for the separate components
(Figure 8). This means that the fluorescent excited state of the
crown ether is deactivated by energy transfer to the lower lying
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4.0 Complexes with 2/3-DN30C10.For the complexes df-H--
PR and 2-H-PFK with the crown ether2/3-DN30C10Q the
20 absorption spectrum of the complex is noticeably different from
' the sum of the spectra of separate components (Figure 10).
R Particularly worth noting is the presence of an absorption tail
3 2.04 above 400 nm, not present in the spectrum of the separate
= J compounds, which suggests the presence of an energy level
/! arising from the interaction between the two components. Such
104 an interaction is likely to be charge-transfer in nature since the
2,3-dinaphtho chromophoric unit of the crown ether is an
0.0k : DA = electron donor (its oxidation occurs #f1.39 V in MeCN}*#
280 330 380 430 480 530 and the anthracene unit of the protonated amine can play the
A (nm) role of electron acceptor (reduction potentiall.97 V for
Figure 8. Fluorescence spectra of a @k, solution containing Ix 9-methylanthracene in MeCNj?
104 M 2-H-PFR; and DB24CS8 (full lines) compared with the sum of In the fluorescence spectrum of a @, solution containing
the spectra of the separated components (dashed lines). The excitatiorequimolar amounts (1.8 10~ M) of 2-H-PR; and2/3DN30C10
wavelength is 276 nm. upon excitation at 290 nm (where most of the light is absorbed

. . by the crown ether moiety), the intensity of the crown ether
fluorescent excited state of the anthracene moiety of the g fmax = 342 nm) is extremely weak and a new, broad
protonated amine (Figure 9a). Upon excitation in the absorption hand with/y,ax= 435 nm appears (Figure 11). The broad band
bands of the anthracene moiety, a fluorescence band is observest 51so observed when excitation is performed at 361 nm, where
which matches closely that of the protonated amine alone. A only the anthracene chromophoric unit absorbs light. When
comparison between the absorption and excitation spectra ingygcitation is performed at 290 nm (where light is mostly
the whole spectral region shows that energy transfer from the gpsorped by the 2,3-dinaphtho chromophoric unit of the crown
crown ether to the anthracene moiety is 100% efficient in the ether), the experimental spectrum matches that expected in the
complex. At 77 K, the phosphorescence band of the crown case of 100% energy-transfer efficency in the complex from
ether is not present in the complex. the fluorescent excited state of the 2,3-dinaphtho crown ether

Complexes with 1/5-DN38C10.For the complexes df-H-- to the state responsible for the broad band Witk = 435 nm.
PFs ano_l 2-H-PFs with the crown etherl/5-DN38C1Q the These results show that, in the complex268-DN30C1Q
absorption spectra are very close to the sum of the spectra Ofboth the fluorescent excited state of the crown ether and the

g‘ﬁ (S:?par?t? comp:)r.lelnts. In. thel fluorescinciap;?wm of Ruorescent excited state of the protonated amine are completely
2Cl, solution containing equimolar amounts ( ) guenched by a lower energy excited state resulting from the

gg é-H-PFBhor 2'H°P't:5 fa?hd 1I/'5-h[t)|'\|38bC10bugobn %)q(citation atth interaction of the two chromophoric units. Such an excited state,
nm (where most of the light is absorbed by the crown ether indicated by CT in Figure 9c, is responsible for the broad

moiety, Figure 2), the intensity of the crown ether baigag emission band With... = 435 i

= . o max = nm and most likely also for the
= 345 nm) is smaller and that of the protonated amityeu(= low-energy tail of the absorption spectrumide supra.
432 nm) is higher than that expected for the separate Compo'Apparently, in the complexes involving/3-DN30C10 the

nenE[s. q AEt tf'rStf f’r']ght’ this V,;’r? uI(_:i zuggﬁst tthgtbthe fluor?scer}t interaction between the anthracene moiety and the aromatic units
excitea state ot the crown ether s deactivated by energy ransi€log g crown ether is relatively stronger than it is for the other
to the lower lying fluorescent excited state of the anthracene

) fth tonated ami Cl initv of th it complexes. It should also be noted that the state responsible
hm0|ety 0 he protgnfltﬁ alr)nlne. d of?erts_,cru Im;tydot tf? r;esut_s, for the broad emission is not (completely) quenched by the lower
owever, shows that the observed etlect IS refated to the frac IonIying triplet excited state of the crown ether (Figure 9c). This

of unassociated species. Since the emission spectrunbef

A is consistent with the charge-transfer nature of the emitting level,
DN380100v_erIap_s the absorption spectrum of th‘? anthra_cene a situation which could imply a considerable reorganizational
chromophoric unit of the protonated amine, the light emitted

. . barrier for deactivation to the localized crown ether level.
by the fraction of free crown ether molecules is absorbed by c lexation R ibility by D tonati 4R
the fraction of free2-H-PF; species, causing a trivial sensitiza- ompiexation Reversibiiity by Deéprotonation and Repro-

N ) ;
tion effect. When such an effect is taken into account, it is tonation. Experlments, monitored b4 NMR spectr.o.s'copy,
were performed in order to demonstrate the reversibility of the

clear that, in the complexes, the fluorescence of the crown ether . ;

moiety is completely%uenched by the anthracene unit, without complexation process occurring b(_atmeflCSEinqz-H-PFB
causing any sensitized emission from the latter. We have alsoby errotonatlng and reprotonating the ‘RR." ion. A.n
found that, upon excitation at 361 nm (where only the anthraceneeq.UImOIar solution 0D824C8ar1d2-H-PF5 was pr_epared ina
chromophoric unit absorbs light, Figure 2), the intensity of the mixture of CD.C!* and COCN (6:1, viv) at 2500 (Figure 12a),
anthracene is quenched by the formation of the complex with and then.a slight molar excess of qumuclldlne_ was added to
the crown ether. These results indicate that, in the complex the solution to deprotonate the NH center (Flgurg 12p).
involving 1/5-DN38C10Q both the fluorescence of the crown Finally, CRCOOH was added to reprotonate the amine (Figure
ether and the fluorescence of the protonated amine are com-120)- The same procedure vxas followed in the fluorescence
pletely quenched. This is not surprising if we consider the experiment, but using a £ 10™* M equimolar CHCIz soluton
energy ordering of the excited states of the two chromophoric of DBZ4_(:8 and _Z'H'PFB' .
units (Figure 9b). In these complexes, the anthracene fluores- UPON inspection of the thre NMR spectra (Figure 12a
cence does not survive because the triplet state of the dioxy-C): itis clear that, initially, we observed the 1:1 complex, which
naphthalene moiety lies below the, ®xcited state of the then d|sas§§mbles into the two cqmponents on adding the base.
anthracene unit. At 77 K, one can see that the phosphorescenc&/Pon addition of CECOOH, all signals for the complex are
band of the crown ethe_r s a.lso quen.Ched’ presumably by energy (14) For a recent example of how pH can effect the topology of
transfer to the lower lying triplet excited state of the anthracene gypramolecular systems, see: Shimizu, T.: Kogiso, M.; Masudd, k.

unit (which is not emissive). Chem. Soc1997, 119, 6209-6210 and references cited therein.
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Figure 9. Schematic energy-level diagrams for the complexe$-BfPF; or 2-H-PFs with (a) 1,2-dibenzocrown ethe3818C6-DB30C1Q (b)
1,5-dinaphtho crown ethel/5-DN38C1Q and (c) 2,3-dinaphtho crown eth2(3-DN30C10
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Figure 10. Absorption spectra of a Gi€l, solution containing 1x M '
104 M 2-H-PF; and2/3-DN30C10(full lines) compared with the sum >
of the spectra of the separated components (dashed lines). 85 80 75 70 65 60 55 50 45 40 3
6.0 (b) Haamine
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Figure 11. Fluorescence spectra of a solution of a CH solution
containing 1x 104 M 2-H-PF; and2/3-DN30C10(full lines) compared 85 80 75 70 65 60 55 50 45 40 &
with the sum of the spectra of the separated components (dashed lines)Figure 12. *H NMR (300 MHz, CDC¥MeCN, 6:1) spectra of (a) a
The excitation wavelength is 290 nm. 1:1 mixture of2-H-PR andDB24C8, of (b) a 1:1 mixture oR-H-PFKs

and DB24C8 after addition of quinuclidine, and of (c) a 1:1 mixture
then observed once again in thé NMR spectrum, confirming of 2-H-PR; andDB24C8after addition of quinuclidine and subsequently
the reversibility of the process. It is interesting to note that the CFCOOH.
resonances fora,c andHb, after reprotonation by addition
of CRRCOQH, are slightly shifted with respect to the resonances CFRCOO™ and the PE™ counterions. The solvation of the NH
for the same protons i2H-PF; (Figure 12a). Presumably, this center, after having been complexed®B24C8 results in no
effect is a result of the presence in solution of both the significant shift for the resonance of thia. andHb, as shown
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unit. In the complexes d¥/3DN30C1Q the interaction between

1 @ ‘/ \ the anthracene moiety and the aromatic units of the crown ether
N is relatively strong, as indicated by perturbation of the absorption

. N bands. The fluorescence of both the naphtho and the anthracene
| \ chromophoric units is completely quenched, and a new, broad

] x 10 / Yl luminescence band withnax = 435 nm, assigned to a charge-

’ R transfer level, dominates the emission spectrum.
®) These results extend the notléhthat electronic interactions,
1 sufficiently strong to change the luminescence properties and
x10 to cause intercomponent energy- and/or electron-transfer pro-
cesses, can be driven by association processes based on
1 hydrogen bonds. These observations will help in the design of
L new families of supramolecular systems capable of exploiting
"\ the energy and/or information content of light.
4 @ L Finally, the reversible onoff switching of complex formation
AV of the RRNH;* ion with DB24C8has been investigated. Upon
] ! Yo addition of a suitable base, deprotonation of the,Nidenter
! . takes place, thus causing the dethreading of Big24C8
x 10 : - macrocycle. Addition of a suitable acid reprotonates the amine
T T T T = and the original 1:1 pseudorotaxane-like inclusion complex is
280 330 380 430 480 530 regenerated, rendering the cycle reversible. This process can
A () be monitored by'H NMR and fluorescence spectroscopy.
The next logical step in the search for nanoscale switchable
Figure 13. Fluorescence spectrae(. = 276 nm, CHCl; solution) of systems is the construction of a discrete molecular speeies
(@) a 1:1 mixture oB-H-PF; andDB24C8, (b) a 1:1 mixture o2-H:- [2]rotaxané® comprising two nondegenerate statibnm its

PF; andDB24C8 after addition of quinuclidine, and (c) a 1:1 mixture _ - . i .
of 2-H-PF; and DB24C8 after addition of quinuclidine and subse- g?emfr?ggnig;}ged component. Investigations in this direction

guently CRCOOH.

I (a.u.)

A Experimental Section
in Figure 12a,c. However, the uncomplexed NHcenter

experiences the effect of these different counterions, and so the General Methods. The routine procedures have been described
chemical shifts alter considerably. elsewheré? Chemicals were purchased from Aldrich and used without

o . . further purification. The crown ether®B18C6 DB24C8 and
The reversibility of the Complexat_lon proc_ess is clearly DB30C10and 9-[(methylamino)methyllanthracerig &re commercial
cor!flrr_ned by the fluorescence experiment (Flgure 13). The products. BPP34C1(% 2/3-DN30C1(P: and 1/5-DN38C16? were
emission spectrumige = 276 nm, where light is mostly  ,repared, according to literature procedures. The absortion and
absorbed by the crown ether moiety) of an equimolar solution emission experiments were carried out in £0H solution at 298 K,
of DB24C8and2-H-PFg, in which the formation of a complex  except for the phosphorescence spectra which were performed in a rigid
is demonstrated by the occurrence of energy transfer from the : . - )
excited states of the_ crown to _the fluore_scen_t excited state of J.-S?)égzzf/%%ﬁilﬁér? egxeg?gri’cﬁgzé?; uﬁf}\hiuﬁ?c’)mbgﬁrﬁu'&%j Lehn,
the anthracene moiety, is displayed in Figure 13a. The Chem. Socl989 111, 8672-8680. (b) Desvergne, J.-P.; Fages, F.; Bouas-

disassembling of the complex by adding the base is shown byl\-/augerlllt, g_.; _Mgrs?;u, Flg.ulrfe {\%ADDTI- %hegﬂ9L9f ;4, 1_231—_12338- (© Blalza?i,
H _ V.; ballaraini, R.; Ganaoltl, M. T.; Prodl, L. rontiers in Supramolecular
the complete recovery of the fluorescence band of the dialkoxy Organic Chemistry and Phofochemistigehneider. H.-J.. Dm, H., Eds..

benzene units ddB24C8(Figure 13b). Upon addition of acid,  vCH: weinheim, 1991; pp 372391. (d) Ballardini, R ; Balzani, V.; Credi,
the spectral changes are almost quantitatively reversed (FigureA.; Gandolfi, M. T.; Kotzyba-Hilbert, F.; Lehn, J.-M.; Prodi, Ll. Am.

13c). Chem. Soc1994 116, 5741-5746.
(16) Schill, G.Catenanes, Rotaxanes and Knadtsademic Press: New
. York, 1971.
Conclusions (17) (a) Ashton, P. R.; Bissell, R. A.; Spencer, N.; Stoddart, J. F.; Tolley,

T o . . . M. S. Synlett1992 914-918. (b) Ashton, P. R.; Bissell, R. A.; @ki, R.;
RR'NH," ions containing an anthracene moiety give rise to Philp, D.; Spencer, N.; Stoddart, J. F.; Tolley, M. S/nlett1992 919-

complexes with crown ethers containing diberiza, dialkoxy- 922. (c) Ashton, P. R.; Bissell, R. A.; Spencer, N.; Stoddart, J. F.; Tolley,

benzene OB), or dinaphtho,i.e., dialkoxynaphthalene M. S. Synlett1992 923-926. (d) Bissell, R. A.; Calova, E.; Kaifer, A.
B) P ynap ON) E.; Stoddart, J. FNature (London)1994 369 133-137. (e) Amabilino,

units. For.some of the Complexesin-PFB, a pseudorotaxane D. B.; Ashton, P. R.; Boyd, S. E.; Gewez-Lgez, M.; Hayes, W.; Stoddart,

structure is demonstrated 44 NMR spectroscopy, X-ray  J.F.J. Org. Chem1997, 62, 3062-3075. (f) Anelli, P. L.; Asakawa, M.;

crystallography, mass spectrometry, and spectrofluorimetry. TheAshton, P. R.; Bissell, R. A.; Clavier, G.; @&ki, R.; Kaifer, A. E.; Langford,

association constants decrease according to the counterion serie%_l' Mattersteig, G.; Menzer, S.; Philp, D.; Slawin, A. M. Z.; Spencer,
_ _ . .; Stoddart, J. F.; Tolley, M. S.; Williams, D. ©hem. Eur. J1997, 3,

PR ~ > CRSO;~ > CRCOO ™. In the complexes, relatively  1113-1135.

weak electronic interactions take place between the chro- (18) Marfnez-Daz, M.-V.; Spencer, N.; Stoddart, J. Angew. Chem.,

mophori ni r nt in the twi mponents. In all Int. Ed. Engl.1997, 36, 1904-1907.
ophoric units present in the two components al cases, (19) Asakawa, M.; Ashton, P. R.; Brown, C. L.; Fyfe, M. C. T.; Menzer,

the fluorescence of the dialkoxybenzene or dialkoxynaphthaleneg :"pasini, D.: Scheuer, C.; Spencer, N.; Stoddart, J. F.; White, A. J. P.;
units of the crown is completely quenched. In the complexes williams, D. J.Chem. Eur. J1997 3, 1136-1150.

of the DB18C6 DB24C8 and DB30C10 macrocycles, the Arrszg)hgfrlggsoodné% Sg; gzlﬂf\gj'{g T. L.; Timko, J. M.; Cram, DJJ.
quenching of the fluorescence of the dialkoxybenzene units is (21) Colquhoun, H. M.; Goodings, E. P.; Maud, J. M.; Stoddart, J. F.;

accompanied by a parallel sensitization of the anthracenewolstenholme, J. B.: Williams, D. J. Chem. Soc., Perkin Trans 1285

fluorescence. Inthe complexesldb-DN38C10Q the anthracene 60226)24'h lardin ani. V.- Credi. A+ Gandolfi
i i Ashton, P. R.; Ballardini, R.; Balzani, V.; Credi, A.; Gandolfi, M.
fluorescence is also completely quenched, most likely by energy . \idzer. S Pez.Garéa, L. Prodi. L.. Stoddart, J. F.. Venturi, M.:

transfer from the Sexcited state of the anthracene moiety to \white A. J. P.: Williams, D. JJ. Am. Chem. Sod995 117, 11171
the lower lying triplet excited state of the dialkoxynaphthalene 11197.
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Table 4. Crystal Data, Data Collection and Refinement Parameters

data PB24C8&2-H][PFy [BPP34C16(2-H),][PFe]2 [1/5-DN38C106(2-H),][PF]2

formula GieHs2NOg PFs C72HgoN20102PFs CgoHgaN2010°2PFs
solvent MeCN-CHCl;
formula weight 891.9 1423.3 1844.3
color, habit colorless prisms colorless prisms colorless prisms
crystal size/mm 0.7% 0.66 x 0.60 0.63x 0.33x 0.30 0.46x 0.33x 0.27
lattice type triclinic triclinic triclinic
space group P1 P1 P1
cell dimensions

alA 12.622(2) 11.023(1) 11.335(2)

b/A 17.099(2) 12.594(1) 13.126(2)

c/A 21.970(5) 14.259(2) 17.640(3)

o/deg 94.36(2) 74.27(1) 70.96(1)

pldeg 102.53(2) 72.63(1) 73.03(1)

Ideg 103.16(1) 64.17(1) 66.50(1)

V/K3 4468(2) 1677.4(4) 2235.4(6)
VA 4p 1° 1°
DJ/g cnr3 1.326 1.409 1.370
F(000) 1872 744 956
radiation used Mo K Mo Ko Cu Ka
w/mm™t 0.14 0.16 2.81
6 range/deg 18225 1.8-22.5 2.760.0
no. of unique reflections

measured 11689 4390 6570

observed|F,| > 40(|Fol) 5173 2984 4377
no. of variables 1120 461 558
R 0.085 0.047 0.081
wRE 0.198 0.109 0.213
weighting factors, bf 0.096, 4.822 0.048, 0.531 0.130, 2.460
largest difference peak, hole/e 0.77,—0.25 0.20,-0.17 0.41-0.41

2 Details in common: graphite monochromated radiatiorscans, Siemens P4 diffractometer, refinement basee?,0293 K. There are two
crystallographically independent molecules in the asymmetric ifiie molecule has crystallograph® symmetry.8 Ry = S ||Fo| — |Fel|/3 |Fol.
eWR, = {Y[W(F? — FAA/S [W(FAF}Y2 fwt = 0%(F?) + (aP)? + bP.

matrix at 77 K. Equipment for photophysical measurements and mL) and HO (50 mL) and then dried (MgS{ Removal of the solvent
procedures have been described previotly. in vacuo and purification by silica gel column chromatography
Spectrofluorimetric Determination of Association Constants. The (eluent: MeOH/CHCI,, 1:30) afforded the amin2 (5.74 g, 80%) as
association constants of the complexes can be estimated by analizinga pale yellow solid with mp> 48 °C dec. The amin@ (2.00 g, 6.7
the decrease in fluorescence intensity of the crown ether as a functionmmol) was dissolved in MeOH (50 mL). Concentrated HCIl was added
of the 1-H-PFKs or 2-H-PFs concentration. The intensity, read at the dropwise (pH< 2), and the reaction mixture was stirred for a further
maximum of the crown ether band, was corrected in order to take into 2 h. Evaporation of the solvent and recrystallization of the crude
account inner filter and instrumental effeétand then it was fitted to product from a mixture of MeOH/ED afforded the pure ammonium
lcor = ¢e:Cer WhereCe, is the concentration of uncomplexed crown and  hydrochloride sal2-H-Cl (770 mg, 34%) as a pale yellow solid with
¢« is the proportionality constant between the corrected emission mp > 204 °C dec. The hydrochloride salt (770 mg, 2.3 mmol) was
intensity (in arbitrary units) and the concentration of the uncomplexed then suspended in MO (30 mL), and an aqueous solution of INH
crown ether. C satisfies eq 1, wher€° is the total concentration of PR (752 mg, 4.6 mmol) was added. The reaction mixture was stirred
the crown ether an@.om the complex concentration. for 30 min. Evaporation of the solvent afforded pale yellow crystals
. of the ammonium hexafluorophosphate &a-PF; which were filtered
Cer = C% ~ Ceom 1) off, washed with HO, and air-dried (1.00 g, 98%): mp 187 °C
o o . (dec.);*H NMR (300 MHz, CQyCOCDs) 6 4.25 (s, 2H; CHN), 5.02
Ceom Satisfies the usual 1:1 binding expression in eq 2 wiStg (s, 2H; CHN), 7.35 (s, 5H; aromatic CH), 7.35.48 (m, 4H;
is the total concentration of added ammonium ion. anthracene H-2, H-4, H-5, H-7), 7.80 (&s = Js = 9.0 Hz, 2H;
5 . . Y. anthracene H-2, H-8), 7.95 (dz+—~ Js6 = 9.0 Hz, 2H; anthracene
Clom ™ (C°% + Co%m + UKJ)C, + C°4C°, = 0 2 H-4, H-5), 8.49 (s, 1H; anthracene H-16C NMR (75.5 MHz, CD-
COCDs) 6 44.3,53.3,124.1, 126.4, 128.3, 130.0, 130.27, 130.6, 131.3,
Equilibrium constant¥, were then obtained by simulation of the 1318 132.2, 206.1; MS (LSH/z298 [M — PR]*, 207 [M — PFs —
data with bothK, and¢.r as adjustable parameters and minimizing the CeHsCHa]™, 191 [M — PRs — CsHsCH:NH]. Anal. Calcd for GoHazor
SU”; of Sﬂuares ?f fesri]dllel& | . ] oson NPFR; C, 59.6; H, 4.55; N, 3.16. Found C, 59.8; H, 4.42; N, 3.02.
(2-(H .ng;).ra:e;gd?oent gf ge_gi)t/har\{r;rgr?ggfgz r:z)éa(iggoz,%s.gzitfnol) | X-ray Crystallography. Single crystals, suitable for X-ray crystal-
ographic analysis for all three complexes, were grown by liquid

and benzylamine (2.59 g, 0.024 mol) in PhMe (150 mL) was heated i Gon ofi Pro into a MeCN solution of the compound. A summary

under reflux with stirring in a Dean-Stark apparatus for 14 h. After . -
the reaction mixture had been cooled down to room temperature theOf the crystal data, data collection, and refinement parameters for the
. ) - ) o three complexes [IB24C82-H][PF¢], [BPP34C106(2-H),][PF¢]2, and

solvent was removeth vacuoto give the imine as brownish solid. 1/5-DN38C10(2-H),][PFe]s) is given in Table 4. All three structures

The solid was dissolved in hot MeOH (100 mL), followed by were solved b diréct n16e2thodgs and were refiﬁed by full-matrix least-

portionwise addition of NaBIH(2.73 g, 0.072 mol) and heating under res dat g d Br7. All maior nev n n-% drogen atom

reflux with stirring for 10 h. The reaction mixture was then allowed squares data based Bir. ajor occupancy non-nydrogen atoms
were refined anisotropically, the minor occupancy atoms isotropically.

to cool down to room temperature, and concentrated HCI was added_l_h itions of the hydrogen atoms on theenters were located
(pH < 2). After evaporation of the solvent, the residue was suspended € positions ot the hydrogen atoms on theatieenters were locate

in H,0 (50 mL) and extracted with Gi€l, (4 x 50 mL). The from AF maps and then optimized; the remaining hydrogen atoms were

bined extract hed with 5% NaH2Ok 60 assigned isotropic thermal parametMéj)=l.2Ueq(C,N), [UH) =
combined exfracts were washed wi 6 aqueous Nak( 1.5U¢q (C—Me)], and were allowed to ride on the parent C/N atoms.

In both [DB24C8&2-H][PF¢] and BPP34C106(2-H),][PF]2, one of the

(23) Credi, A.; Prodi, L.Spectrochimica Acta, Part,An press.
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PFs~ anions was disordered and alternate partial occupancy orientations  Acknowledgment. This work was supported by MURST,
[60:40 in [DB24C&2-H][PF¢] and 66:34 in BPP34C106(2-H)2|[PFe]2] CNR (Progetto Strategico Tecnologie Chimiche Innovative), and
were identified. In BPP34C16(2-H).J[PFd]2, the benzyl ring of the  ynjversity of Bologna (Funds for Selected Topics) in Italy and
cation was disordered over two (55:45 occupancy) positions. Also, in by the EC contract FMRX-CT96-0076. We thank Ministerio
[BPP34C16(2-H)2|[PFe]2, a full occupancy included MeCN and a 4o Equcacio y Ciencia (Spain) for a Postdoctoral Fellowship

CHCI; solvent molecule were found. Computations were carried out . - .
using the SHELXT PC program systéf.The crystallographic data to M.-V.M.-D. and Eusko Jaurlaritza, Hezkuntza, Unibertsitate

(excluding structure factors) for the structures reported in Table 4 have 8t@ Ikerketa Saila, for a Predoctoral Fellowship to M.G.-L.
been deposited with the Cambridge Crystallographic Data Centre as : : ; . ;
supplementary publication number (CDC-100764). Copies of the data 2 ?:]%pgr&n%: n?;r;a;opaszlzlﬂglef.orSpg;t;%sgt;p: (ii:a;a for
can be obtained free of charge on application to the Director, CCDC, 3 -ray p -HI[PFe],
[BPP34C106(2-H),][PFe]2, and [L/5-DN38C10(2-H),][PFg)2

12 Union Road, Cambridge, CB12 1EZ, UK (Fax, Int Cot¢1223) !
336 0033; e-mail, teched@chemcrys.cam.ac.uk). (34 pages). See any current masthead page for ordering and
Internet access instructions.

(24) SHELXTL PC version 5.03, Siemens Analytical X-Ray Instruments
Inc., Madinson, WI, 1994, JA9715760



