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New unsymmetrically substituted DB24C8-phthalocyanines, which are able to form complexes with suitable dialkylammonium cations, have
been prepared. These complexes most probably have a pseudorotaxane geometry.

Supramolecular materials can be designed and created fronoptical and electronic properties and self-organizing abilities
simple molecular building blocks by self-assembly and self- to form columnar mesophases, LangmtiBiodgett (LB)
organization using noncovalent interactidi®thalocyanines ~ multilayers, or aggregates in solutidhe main forces that
(Pcs¥ have been employed extensively as subunits for the drive these self-assembly processes arenther stacking
construction of functional materials since they exhibit special interactions between the aromatic rings. The introduction of

(2) Phthalocyanines: Properties and Applicatiphgznoff, C. C., Lever,

T Universidad Autbnoma de Madrid. A. B. P., Eds. Weinhein: VCH: 1989, 1993, 1996; Vols-4. Hanack,

* University of California. M.; Heckmann, H.; Polley, RMethods of Organic Chemistry (Houben-

8 University of Nijmegen. Weyl); Schaumann, E., Ed.; Georg Thieme Verlag: Stuttgart, 1998; Vol. E

(1) Simon, J.; André, J.-J.; Skoulios, ANlew J. Chem1986,10, 295. 9d, p 717. McKeown, N. BPhthalocyanine Materials: Synthesis, Structure
Lehn, J.-M.Supramolecular Chemistr)y CH: Weinheim, 1995. Ringsdorf, and Function; Cambridge University Press: Cambridge, 1998.
H.; Schlarb, B.; Venzmer, Angew. Chem., Int. Ed. Endl988,27, 117. (3) Van Nostrum, C. FAdv. Mater.1996,8, 1027. Van Nostrum, C. F.;
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either or both long aliphatic hydrocarbon chains or/and crown plexes with a pseudorotaxane geometry. The stoichiometry
ether substituents at the periphery of the rigid phthalocyanine of the complex is determined by the number of ammonium
core can improve the organization properties of these centers that are present in the threadlike component. Fur-

molecules by exploiting either their mesogenic behgwor

thermore, dethreading can octlby adding a base to the

the ability of their crown ether subunits to form complexes solution so that the two reversible states can be switched by

with alkali metal cation$:® By contrast, hydrogen-bonding

controlling the pH.

interactions have hardly been employed at all to self-assemble Here, we describe the synthesis of the novel unsymmetri-

phthalocyanine moleculés.

cally substituted phthalocyaninga,b containing one DB24C8

In this communication, as a consequence of our interestunit and the formation of the supramolecular complek(
in the organization features and physical properties of Pcs2-H,][PFg]. (Figure 1), in solution, which consist on two

and related compoundsye report a new strategy to produce

crowned-phthalocyanined 4 or 1b) and the bis(secondary

discrete phthalocyanine oligomers based on the recognitiondialkylammonium) dicatior2-H,2".

motif developed by one of us, involving medium-sized crown

The dicyano-DB24-crown-8 macrocycBwas prepared

ether macrocycles, such as dibenzo-24-crown-8 (DB24C8), for the first time by following standard procedur@$.The
and secondary dialkylammonium cations, e.g., dibenzylam- octyloxy chains were chosen as inert substituents on three

monium (DBA") as its Pk~ salt? These two components

of the isoindole units to increase the solubility of the final

assemble in solution, forming stable hydrogen-bonded com-Pc compound in halogenated solvents. Thus, condensation

(4) Ohta, K.; Jacquemin, L.; Sirlin, C.; Simon,New. J. Chem1988,

12, 751. Van der Pol, J. F.; Neeleman, E.; Zwikker, J. W.; Nolte, R. J. M.;

Drenth, W.Recl. Trav. Chim. Pays-Ba4.988, 108, 615. Engel, M. K.;
Bassoul, P.; Bosio, L.; Lehmann, H.; Hanack, M.; Simonl.ig. Cryst.
1993,15, 709.

(5) Sielcken, O. E.; van Tilborg, M. M.; Roks, M. F. M.; Hendriks, R.;
Drenth, W.; Nolte, R. J. MJ. Am. Chem. S0d.987,109, 4261.

(6) Toupance, T.; Ashen, V.; Simon, J. Am. Chem. S0d994,116,
5352. van Nostrum, C. F.; Picken, S. J. Schouten, A.-J.; Nolte, R. J. M.
Am. Chem. S0d 995,117, 9957. Bekaroglu, GAppl. Organomet. Chem.
1996,10, 605. Kobayashi, N.; Togashi, M.; Osa, T.; Ishii, K.; Yamauchi,
S.; Hino, H. J. Am. Chem. Socl1996, 118, 1073. Engelkamp, H.;
Middelbeek, S.; Nolte, R. J. M5ciencel999,284, 785.

(7) Duro, J. A.; de la Torre, G.; Torres, Tetrahedron Lett1995, 36,
8079.

(8) de la Torre, G.; Martinez-Diaz, M. V.; Ashton, P. R.; TorresJT.
Org. Chem.1998,63, 8888. del Rey, B.; Keller, U.; Torres, T.; Rojo, G.;
Agull6-Lopez, F.; Nonell, S.; Marti, S.; Brasselet, S.; Ledoux, I.;
J. Am. Chem. S0d998, 120, 12808. Fernandez-Lazaro, F.; Torres, T.;
Hauschel, B.; Hanack, MChem. Re. 1998 98, 563. Maya, E. M.; Vazquez,
P.; Torres, TChem. Eur. J1999,5, 2004.

(9) Ashton, P. R.; Campbell, P. J.; Chrystal, E. J. T.; Glink, P. T.; Menzer,
S.; Philp, D.; Spencer, N.; Stoddart, J. F.; Tasker, P. A.; Williams, D. J.

Angew. Chem., Int. Ed. Endl995,34, 1865. Ashton, P. R.; Chrystal, E.

J. T.; Glink, P. T.; Menzer, S.; Schiavo, C.; Spencer, N.; Stoddart, J. F.;

Tasker, P. A.; Williams, D. JAngew. Chem., Int. Ed. Endl995 34, 1869.

Ashton, P. R.; Chrystal, E. J. T.; Glink, P. T.; Menzer, S.; Schiavo, C.;
Spencer, N. Stoddart, J. F.; Tasker, P. A.; White, A. J. P.; Williams, D. J.

Chem. Eur. J1996,2, 709.
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of compound3 with 3 equiv of 4,5-dioctyloxyphthalonitrife

(4) in the presence of Ni(OAg)n N,N-dimethylaminoethanol
(DMAE) at reflux temperature afforded the nickel(ll)
phthalocyaninatdain 23% yield after purification on silica

Zyss, J.

(10) Martinez-Diaz, M. V.; Spencer, N.; Stoddart, JARgew. Chem.,
Int. Ed. Engl.1997,36, 1904. Ashton, P. R.; Ballardini, R.; Balzani, V.;
Fyfe, M. C. T.; Gandolfi, M. T.; Martinez-Diaz, M.-V.; Morosini, M.;
Schiavo, C.; Shibata, K.; Stoddart, J. F.; White A. J. P.; Williams D. J.
Chem. Eur. J1998,4, 2332.

(11) Anelli, P. L.; Ashton, P. R.; Ballardini, R.; Balzani, V.; Delgado,
M.; Gandolfi, M. T.; Goodnow, T. T.; Kaifer, A.; Philp, D.; Pietraszkiewicz,
M.; Pordi, L.; Reddington, M. V.; Slawin, A. M. Z.; Spencer, N.; Stoddart,
J. F.; Vicent, C.; Williams, D. JJ. Am. Chem. S0d.992,114, 193. Muto,
T.; Kimura, M.; Hanabusa, K.; Shirai, Hetrahedron Lett1999 40, 3199.

(12) Selected spectroscopy de@a.'H NMR (200 MHz, CDC}) 6 7.11
(s, 2H, aromatic), 6.89, 6.88 (ABB' system, 4H, aromatic), 4.2 (m, 8H,
OCHy), 3.9 (m, 8H, OCH), 3.8 ppm (s, 8H, OCH); 13C NMR (CDCk) 6
152.3, 148.8,121.5, 115.4, 115.7, 114.0, 108.9, 71.6, 71.3, 70.0, 69.3 ppm;
IR (KBr) v 2231 cnt! (C=N); FAB-MS (m-NBA) m/z499 [(M + H)*].
1la: 'H NMR (500 MHz, CDC}) 6 8.3, 8.2 (2xbr s, 8H, Pc ring), 6.84,
6.83 (AA'BB' system, 4H, aromatic), 4.7, 4.5, 4.3, 4.2, 4.1, 4.8 (®,
36H, OCH), 2.2, 1.8, 1.6, 1.4, 1.0 ppm (5m, 90H, aliphatic); UV—vis
(CHCIy) (log e/ dmPmol~lcm™) Amax 289 (4.89), 310 (4.78), 411 (4.36),
605 (4.39), 643 (sh, 4.45), 671 nm (5.21); MALDI-TOF-MS (dithranol)
m/z1708.8 ([M'] 1arequires 1708.96)Lb: UV—vis (CHCk) (log €, dm?
mol~t cm™1) Amax 292 (4.87), 339 (4.85), 401 (4.68), 627 (4.66), 678 nm
(4.79); MALDI-TOF-MS (dithranolywz 1713.9 ([M"] 1b requires 1713.96).
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gel using CHGJ and subsequently a mixture of CHCI

MeOH (100:1) as eluents (Scheme 1). Compotbdvas

Scheme 1. Synthesis of Phthalocyaninds and 1b

NC or\O 0/\é> NC OCgH17
X 0+ X
NC o 5 o O NC OCgH17
A A 4
3
Ni(OAc)2 Cu(OAc),
o n-pentanol
DMAE , 145 °C DBU. 145 G
1a (M=Ni) 1b (M=_Cu)

obtained as depicted in Scheme 1 in a 22% vyield, by

crossover macrocyclization of the phthalonitrf8end4 in
a 1.5 ratio, using an excess of copper acetate-frentanol

at 139°C, in the presence of 1,8-diazabicyclo[5.4.0]lundec-
7-ene (DBU), followed by chromatography on silica gel with

CHCI; and CHCY/MeOH (20:1) as eluents.

All the new compounds were characterized'bByNMR
and UV—vis spectroscopy and mass spectromgtry.

The'H NMR spectrum oflain CDCl; (~3 mM) (Figure

tion: both compounds show the typical Q-band of mono-
meric phthalocyanines centered at 671 and 678 nm, respec-
tively.

In a first complexation experiment, we investigated the
formation of the complex [(a)-DBA][PF¢] formed between
the Pcla and the dibenzylammonium DBA-RFsalt in
solution. The DBAPF; salt, which is highly insoluble in
halogenated organic solvents, such as GH&@l CH,Cl,
becomes soluble in a CD{Xolution containing the DB24C8-
phthalocyaninela. Since host—guest exchange is Slan
the 'H NMR time scale at room temperature, the spectrum
of a mixture of la and DBA-PFk in CDCl; (Figure 2b)
displays sets of resonances that correspond to the free species
and the complex. Moreover, characteristic signal8 4t1,
corresponding to the four GHbrotons adjacent to the NH
group, in addition to the typical high field shift (6-D.3
ppm) of the resonances assigned to the catechol unit, indicate
that complexation has taken place. Additionally, the signals
assigned to the Pc core become nonequivalent and strongly
high field shifted, suggesting an nonsymmettiesr interac-
tion between the benzyl group of the ammonium salt and
the aromatic Pc ring. Integration of the signals proves the
formation of a 1:1 complex and evaluation of the signal
intensities of the three species in equilibrium affords an
association constant of 16 0G0 2 000 M%. Furthermore,
the formation of the 1:1 complex was supported by the
matrix-assisted laser desorption ionization time-of-flight
(MALDI-TOF) technique, using dithranol as the matrix. The
spectrum displayed an intense peakn&at1906.8 (base peak)

2a) shows well-resolved sets of resonances easily assignedor the supramolecular ion]6)-DBA] " after loss of the PE
to the aromatic Pc nucleus and the crown ether moiety, counterion.

suggesting that the DB24C8-phthalocyaniiegand1b are

Subsequently, we studied the formation of a noncovalent

mainly monomers in solution. This result is consistent with phthalocyanine dimer by complexation of each of the
their UV—vis spectra, which usually provide information on secondary ammonium centers preserft-ir,-2PF; with the
the type of aggregated structures that are present in solu-DB24C8 void of two different Pc molecule$a or 1b.

b) ppy” and ™

catechol

i
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’_, Pc ring '—> catechol
Pl

OCH
—_— OCHzCHZO

' T i T
4.0 3.0

Figure 2. Partial'H NMR spectra (300 MHz, 298K, CDg)l of (a) Pcla and (b) a mixture ofla and DBA-PF (Asterisks indicate the

following: (x) complexed andsx) uncomplexed).
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Although it has been reportéthat complexation constants macrocycle. The presence of the peak corresponding to
between DBAPF; salt and DB24C8 are larger in pure the supramolecular ion I@)-2-H]" does not prove its
halogenated solvents, such as CHGI CH,Cl,, in this pseudorotaxane geometry, but it is unlikely that any other
particular case it was necessary to add a more polarstructure other than a [3]pseudorotaxane would be stable
cosolvent, such as GBN, to the CDC{ solution containing  enough to be detected under the conditions of the MALDI-
equimolar amounts ofa and 2-H*2PF;, to obtain a clear ~ TOF experiment. To obtain more information about the
solution of the components. TAE NMR spectrumina4:1  superstructure of the 2:1 complex formed betwé&arand
mixture of CDCh and CRCN displayed a complex pattern  2-H,-2PF;, a titration experiment was carried out. The YV
of broad signals, that are reminescent to those obtained forvis spectrum of a dilute solution (4.6 106 M) of l1ain
the complex formed betweeraand DBA-PF. This lack of ~ CHCI; does not show any significant difference upon
resolution prevented us from determining the stoichiometry addition of different amounts of a concentrated solution (6.6
and association constants of the complex. x 1074 M) of 2-H,-2PF; in MeCN. This result confirms that
Intriguingly, a TLC on silica gel plates of a 1:1 mixture jn the supramolecular dimer, the Pc rings are not electroni-
of 1a and 2-Hz*2PFs using a 4:1 mixture of CHGland cally interacting with each othé?.Moreover, EPR experi-
MeCN as solvents, showed a new spot, with a remarkably ments!“ carried out using the copper(Il) phthalocyanitte
higher Ry value when compared with the monomeric COm-  estaplished the absence of €Du intra- or intercomplex
pound1a, which could be interpreted as the formation of & jieractions between cofacially arranged phthalocyanine
supramolecular dimer. On the other hand, spots for the n¢jej. Related systertfsshowed characteristic triplet EPR
individual components.were ob§erved by addition of MeOI-_| spectra due to the ferromagnetic coupling of the Cu ions
to the eluent or by using alumina as the chromatographic yhich is possible between cofacially stacked molecules. In
medium. , the present work, such signals were completely absent for
The MALDI-TOF mass spectrum of a L:1 mixture B o complex ofth and2-H,-2PR; only a slight broadening
and 2'.H2'2PF6 showed a base peak &z 1709.'(,) corre- of the signals was observed, which is due to the mutual
sponding to the uncomglexed crowned-Rc Ad%ltlonally, influence of the paramagnetic Cu ions without coupling, and
peaks 5‘“7’23734-8 (19%) and ah/2202.6'0 (87 /0)’+Wh'Ch is consistent with the proximity of the Cu ions in the complex
were as.5|gned to the supramolecula_r lobel¢-2-H]™ and and the absence of electronic interactions as proposed in
to the 1:1 complex [ta)-2-H]", respectively, were detected. Figure 1. Indeed, the distance between the two Nténters

We have carried out a control complexation experiment by e
MALDI-TOF spectrometry using DB24C8 argtHy-2PF; pf 2-Hy2PF; (7.2 A), calculated from CPK molecular m_odels
is far too large to expect any intracomplax-sr stacking

which also confirms that, in this case, the intensity of peak . . .
. : . . , between the Pc rings in the supramolecular dim&a)2-
he 1:2 I I h th T
assigned to the complex Is low in comparison with the H,][PFg]2. Taking into account the X-ray structdref the

intensity of the peak attributed to the 1:1 complex. We
interpret these results as reflecting a lack of stability of the [S]pseudorotaxane complex [(DB24G&)Hal[PFe], and the
similarities between the nonsubstituted DB24C8 and our

dications in the gas phase, associated with the loss of anDBZ4C8 P h bindi bilit houd b h
HPFR; molecule and the concomitant loss of a crown ether N cla, whose binding abilities shoud not be muc
different, it seems reasonable to propose a geometry for the

(13) Cofacially stacked covalently linked Pc dimers in which the two SUpramolecular complex 1@)-2-H,|[PFe]. like the one
Pc rings electronically interact each other have been recently described byrepresented in Figure %.
us: Gonzalez, A.; Vazquez, P.; Torres,TEtrahedron Lett1999,40, 3263. . . .
(14) EPR experiments were carried out at X-band (9 GHz) on a Bruker  In conclusion, new unsymmetrically substituted crowned-

ESP 300 instrument equipped with a helium continuous flow cryostat at phthalocvaninega.bwhich are able to form complexes with
15 K on frozen solutions of CHg@MeCN (3:1) and concentrations fab P Y ' P

and2-Hy2PF; of 2 and 1 mM, respectively. suitable dialkylammonium cations have been prepared. This
(15) Feiters, M. C.; Fyfe, M. C. T.; Martinez-Diaz, M. V.; Menzer, S.;  strategy has been applied successfully for the first time to

Nolte, R. J. M.; Stoddart, J. F.; van Kan, P. J. M.; Williams, DJ.JAm. h . f | | hthal . di
Chem. Soc1997,119, 8119. Van Nostrum, C. F.. Benneker, F. B. G.; the preparation of supramolecular phthalocyanine dimers.

Brussaard, H.; Koloijman, H.; Veldmahn. N.; Spek, A. L.; Schoonman, J.; The preparations of other related systems, which could be
Feiters, M. C.; Nolte, R. J. Minorg. Chem.1996, 35, 959. ; _ ~

(16) A recent paper describing the formation of a pseudorotaxane using Pf mte_reSt_ as electron- and energy-tranfer models, are under
the same dicatior2-H,-2PF; and a bis-DB24C8 peptide has been pub- Investigation.
lished: Meillon, J.-C.; Voyer, N.; Biron, E.; Sanschagrin, F.; Stoddart, J.
F. Angew. Chem. Int. Ed. Eng2000,39, 143. OL0055972
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