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This paper describes the synthesis and characterization of
novel covalently bound fullerene ylidene malonate dyads in
which the linker between the two units is a di-, tri-, or tetra-
ethylene glycol unit. The synthesis involves a stepwise, con-
vergent addition of the two components to bis(malonate
crown ethers) of increasing overall dimensions through (i)
Knoevenagel condensation with (dimethylamino)benzal-
dehyde and (ii) subsequent Bingel functionalization of the
free malonate moiety with Cgo. These dyads have been spec-

troscopically characterized and studied by UV/Vis spectro-
scopy. Their ability to form stable complexes with europium
triflate, thus forming a complex three-component supramole-
cular system with UV/Vis absorption characteristics clearly
dependent on the overall distance between the interacting
units, has been assessed quantitatively.

(© Wiley-VCH Verlag GmbH, 69451 Weinheim, Germany,
2002)

Introduction

Compounds combining several photoactive and elec-
troactive species are the subject of active current investi-
gation, since they can exhibit particular new material prop-
erties from the electrochemical and photochemical points of
view. Monofunctionalized C¢, compounds, thanks to their
remarkable electron-accepting properties upon photoexcit-
ation, have been incorporated into a wide variety of mo-
lecular structures, containing photoactive or electroactive
counterparts, to form molecular dyads!'! and triads.[?! Well-
established methods for the monofunctionalization of Cg,
have greatly contributed to the attainment of such complex
structures for study of their physical and chemical proper-
ties.’] More recently, Cq has also been introduced in com-
bination with electroluminescent organic conjugated poly-
mers as a component for organic solar cells, with increas-
ingly promising results in terms of overall efficiency.[*

In view of the tuneability and of the thermodynamic re-
versibility of supramolecular interactions, reports relating
to systems combining two interacting moieties linked
through a noncovalent bond have also begun to appear in
the literature.’) In particular, one of us has recently re-
ported the synthesis of a methanofullerene bearing an 18-
crown-6 derivative, and its photoinduced interaction with
an aminoxyl ammonium cation as a guest.[>>>]

We have recently reported that malonate ester and crown
ether derivatives functionalized with n-electron-donating
conjugated substituents to form ylidene malonate moieties
are able to form 1:1 complexes with Lewis acid like metal
cations, such as Eu?" in the form of its triflate salt (Fig-
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ure 1).1%71 The complexation of the metal cation with the
1,3-dicarbonyl system is inferred from NMR and UV/Vis
spectroscopic studies, but is also immediately evident from
the colorimetric change upon formation of the 1:1 adduct,
due to the marked shift of the intramolecular charge-trans-
fer (ICT) band of the “push-pull”’ chromophore upon bind-
ing.
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Figure 1. Binding of Eu?* to m-extended “push-pull” compounds

In this paper we describe the synthesis of novel crown
ethers containing two malonate units spaced by ethylene
glycols of increasing lengths; their stepwise, convergent
functionalization to introduce a Cg unit and a n-extended
“push-pull” system, and a detailed study of the UV/Vis
complexation properties of these novel compounds with
europium triflate in organic solutions.

Results and Discussion

Synthesis of the Components

The synthesis of the macrocyclic components is described
in Scheme 1. The monobenzyl-protected oligoethylene
glycols, synthesized and purified as previously reported,®
were treated with malonyl dichloride to give compounds
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Scheme 1. Synthesis of bis(malonate crown ethers) Sa—c

3a—c, which were purified by column chromatography. De-
protection by hydrogenolysis gave compounds 4a—c in
quantitative yields; these were used directly for the macro-
cyclization reaction with malonyl dichloride under high-di-
lution conditions to give crown ethers Sa—c in good yields
(44, 37 and 35% for 5a, 5b and Sc, respectively), after a
simple purification procedure and recrystallization.

Crown ether 5a could also be prepared, according to a
procedure reported in the literature,®¥ by dibutyltin oxide
mediated macrocyclization starting from diethylene glycol
and malonyl dichloride. The yields of the reaction, however,
were consistently substantially lower than those reported
(15—20% vs. 33%) and problems were encountered in the
removal of the tin by-products. In this case, however, larger
cyclic oligomers (the trimeric form) could also be isolated
in low yields and unequivocally characterized by mass spec-
trometry.

The crown ethers showed good solubility characteristics
in common organic solvents, and could be treated with p-
(dimethylamino)benzaldehyde in order to introduce the -
extended “push-pull” system by Knoevenagel condensation
(compounds 6a—c, Scheme 2). The reaction was conducted
in toluene in the presence of piperidinium acetate as a cata-
lyst. We found that addition of a slight excess of crown
ether with respect to the aldehyde was the best method to
obtain the highest yields of monofunctionalized vs. difunc-
tionalized compounds.[']

After purification and characterization, the compounds
were subjected to the Bingel cyclopropanation proced-
ureBIBP for the introduction of Cg, (Scheme 3). The ad-
ducts 7a—c were then subjected to purification by column
chromatography in order to remove small amounts of dis-
ubstituted monofullerenated derivatives, followed by precip-
itation in MeOH and centrifugation. Yields after purifica-
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tion were in the order of 35—40%; we believe these yields
to be satisfactory in view of the ability of Cg, to undergo
multiple addition in the Bingel reaction,!'!! and also be-
cause of the instability of the ylidene malonate moiety to
strong bases. Compounds 7a—c were then fully character-
ized and identified by NMR spectroscopy and by mass
spectrometry.

Typical '"H NMR spectra of the precursor 6¢ and the
fullerene derivative 7¢ are shown in Figure 2. The peak cor-
responding to the free malonate functionality proton reson-
ances (0 = 3.45 ppm) is, as would be expected, present in
6¢ and absent in 7c¢; the proton resonances corresponding
to the “push-pull” aromatic portion do not seem to experi-
ence any detectable shift on comparison of 6¢ and 7c. The
same applies throughout the series of compounds 6 and 7,
indicating that no substantial ©-n stacking interactions are
occurring between the two covalently linked m-extended
surfaces.

UVI/Vis Spectroscopy

Compounds 6a—c and 7a—c were all characterized by
UV/Vis spectroscopy. The monofunctionalized compounds
6a—c exist as yellow solids and glasses and each possess an
intense intramolecular charge-transfer (ICT) band centred
at 380 nm, with molar absorptivity (see also Table 1) in the
order of 25000. Upon the introduction of Cg, Apax for this
transition is slightly shifted (375 nm), but the molar ab-
sorptivity remains of the same order of magnitude as above.
Since UV/Vis absorption spectra of a methanofullerene de-
rivative bearing an 18-crown-6 derivativel® revealed a very
low residual absorbance at 380 nm (&350 < 2000), we believe
the intensity of the absorption band at this wavelength can
be mostly attributed to the ICT of the n-extended “push-
pull” system.

Eur. J. Org. Chem. 2002, 3385—3392
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Scheme 2. Synthesis of monofunctionalized crown ethers 6a—c
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Scheme 3. Synthesis of fullerenated derivatives 7a—c¢
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Figure 2. "H NMR spectra (CDCl;, 300 MHz) of monofunctional-
ized compound 6¢ (bottom), and its fullerenated derivative 7c¢ (top)

Examples of spectrophotometric titrations of compounds
6a—c and 7a—c with Eu(OTf); are shown in Figure 3. All
titration profiles showed clear, well-defined isosbestic
points, indicating the presence of a unique mode of binding
in solution,!'? and could be fitted against a model equation
for a 1:1 binding equilibrium by a nonlinear fitting program

Eur. J. Org. Chem. 2002, 3385—3392
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(see Exp. Sect.). A CHCI3;/MeCN (1:1) mixture was used
throughout the titrations in order to solubilize both the ful-
lerenated derivatives, which are only sparingly soluble in
MeCN, and Eu(OTf);, which is not soluble in CHCl;. Se-
lected examples of fitting curves and titration data, based
on values taken either from the descending ICT of the free
compound or from the increasing ICT band of the complex
with Eu(OTf);, are shown in Figure 4.

Titrations of compounds 6a—c are very similar in their
behaviour: upon complexation, a marked bathochromic
shift in the ICT occurs as a consequence of the additional
polarisation of the “push-pull” system; A, of this band is
remarkably constant in all these compounds and is located
at 480 nm, indicating very similar geometries of interaction
of the metal cation with the 1,3-dicarbonyl conjugated moi-
ety of the crown ether. In order to ascertain possible macro-
cyclic stabilization effects in the binding of the metal cation,
the binding constant in pure MeCN was also measured in
the case of compound 6b. As shown in Table 1 (Entry 4 vs.
1), the binding constant of 6b in pure MeCN is, as should
be expected, lower than that measured in MeCN/CHCl;,
but also essentially identical to that measured for 1, thus
indicating a negligible stabilization effect from the ethylene
glycol oxygen atoms in the binding of Eu(OTf);. The same
observation could be applied to compound 6a, since its
complexation constant in MeCN/CHCl; is basically ident-
ical to that of 6b.

There is, however, an increase in stability in the 1:1 com-
plex, in which the cavity of the macrocycle is substantially
enlarged (compound 6¢, Entry 5 vs. 2 and 3); A, of the
ICT band upon complexation is not detectably different
from those recorded for 6a and 6b, indicating that the main
mode and geometry of coordination in all cases seem to be

3387



FU LL PAPER L. Garlaschelli, I. Messina, D. Pasini, P. P. Righetti

Table 1. Thermodynamic stability constants between functionalized crown ethers 6 and 7 and Eu(OTf); in CHCI3/MeCN (1:1) at 25 °C

Entry['d] Compound Efree ligand (bl IOg I(a 7"max [nm] 8complex (el

1 10l fel 33100 (380)] 2.60 = 0.054<1 478l 7600(480 nm)ld-el

2 6a 28100 (380) 3.1 £0.1 480 6800 = 400(480 nm)

3 6b 22800 (380) 29 0.1 480 6900 = 1200(480 nm)

4 6bld] 22100 (380)! 2.7 = 0.2 48014 9600(480 nm)!

5 6¢ 20100 (380) 4.65 = 0.05 480 13300 = 3800(480 nm)
6 Ta 17100 (375) 2.75 = 0.05 480 N.a. (480 nm)l]

7 7b 46100 (375) 2.7*+0.2 480 7200 = 1000 (480 nm)
8 Te 39500 (375) 3.1 0.1 480 9800 = 400(480 nm)

[l All values for the stability constants are in M~ !. The values reported are the average of four independent titrations, with all nonlinear
regressions giving high confidence outputs (> > 0.99). [Pl Molar absorptivity and A,y (in parentheses) for the intermolecular charge-
transfer (ICT) band related to the free ligand. [! Molar absorptivity at A, (in parentheses) for the intramolecular charge-transfer (ICT)
band related to the complex with Eu(OTf);. [4 As determined in MeCN. [l Data taken from ref.®] i Not applicable. The ICT was too
weak in intensity to provide reliable results for the molar absorptivity and K, to fit the data taken at this wavelength to the equation
shown in the Exp. Sect. See also text for details.
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Figure 3. UV/Vis spectroscopic titrations of compounds 6a—c and compounds 7a—c in CHCI3/MeCN (1:1); the arrows indicate the
disappearance, with addition of increasing amounts of Eu(OTf)s, of the intramolecular charge-transfer (ICT) band associated with
compounds 6a—c and dyads 7a—c, and increase of new ICT bands associated with the 1:1 complexes with Eu(OTf);

very similar, and consistent with the model proposed for stability constants for the 1:1 binding with Eu(OTf); are
compound 1 and illustrated schematically in Figure 1. comparable. In the case of compound 7¢, analogously to

The titration profiles related to compounds 7a—c with  what was observed for 6c¢, the association constant is con-
Eu(OTY); are shown in Figure 3 (bottom row). In the cases sistently larger. Furthermore, on comparing the series of
of compounds 7a and 7b, the relative thermodynamic compounds 7 to 6, the introduction of Cg, brings about a

3388 Eur. J. Org. Chem. 2002, 3385—3392



Fullerene Ylidene Malonate Supramolecular Triads

FULL PAPER

0.3

o
Y

Absorbance (480 nm)
e

0o0e

0.000 0.001 0.002

Conc. Eu(OTf)3 added

0.003

-~ 15 ¢
E
<
Q
o
e
4]
£
® 121
£
=]
0
E-]
<
L]
0.9 T :
0.000 0.001 0.002 0.003

Conc. Eu{OTf)3 Added

Figure 4. Selected examples of titration profiles for compounds 6b (left) and 7a (right) with Eu(OTf)s; titrations were conducted and
evaluated under the conditions reported in the Exp. Sect. and summarized in Table 1

reduction in the relative stability constants, probably as a
result either of conformational locking of the crown ether
(because of the introduction of the cyclopropane-fulleren-
ated substituent) or of steric interactions; once again, the
predominant mode of coordination of the metal cation
seems to be directed to the 1,3-dicarbonyl n-conjugated sys-
tem.

A point of great interest is represented by the dramatic
reduction in the intensity of the ICT upon complexation
with Eu?" in the case of compound 7a (Figure 3, bottom
left corner). Since the maximum of this band is still located
at 480 nm, one can exclude effects such as n- stacking phe-
nomena, which would result in an energetic change, and
therefore also a change of A, in the UV/Vis spectrum for
this transition. One stimulating possible explanation is that
the overall geometry of the molecule is severely perturbed
upon complexation and renders this spectroscopic trans-
ition formally forbidden by symmetry consideration, and
only weakly allowed by vibronic coupling:!'3 in the case
of 7a, in which the ring size is probably too small for the
methanofullerene moiety to flip freely around the com-
plexed Eu(OTY);, the overall symmetry plane of the molec-
ule is effectively lost. In the cases of 7b and 7c, possessing
overall longer ethylene glycol spacers between the two units,
in contrast, the average symmetry plane of the molecule is
still present even upon complexation.

Conclusions

This work describes the synthesis of novel symmetrical
malonate crown ethers incorporating ethylene glycol units
of varying lengths. Obtained in good yields after simple
recrystallization of the reaction mixtures, these compounds
are useful scaffolds for the construction of molecular dyads,
incorporating Cgy, and “push-pull” systems, and, upon
complexation with Eu(OTf)s, of supramolecular three-com-
ponent systems. Their spectroscopic properties are clearly
dependent on the overall distance between the two cova-
lently linked components, and are drastically modified by
the coordination of the Eu(OTf); to the 1,3-dicarbonyl -
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conjugated system. The presence of the Cg, unit is not detri-
mental to efficient coordination of the metal cation to these
conjugated systems. Given the noteworthy emission proper-
ties of europium,!'¥ and the potential of fullerene derivat-
ives in optical applications,['”] we aim to explore the use of
this novel class of compounds for material applications.

Experimental Section

General Remarks: All commercially available compounds were pur-
chased from Aldrich and used as received. Benzene (Na), THF
(CaH,) and CH-Cl, (CaH,) were dried and distilled before use.
Compound 1,1 triethylene glycol monobenzyl ether 2bl® and tetra-
ethylene glycol monobenzyl ether 2¢[®! were prepared according to
literature procedures. '"H and *C NMR spectra were recorded from
solutions in CDCl; or CD;CN with Bruker 200 or AMX 300 in-
struments with the solvent residual proton signal or tetramethylsil-
ane (TMS) as a standard. Infrared spectra were recorded with a
Perkin—Elmer 881 instrument from NaCl disks. Mass spectra were
recorded with an Electrospray lonization instrument LCQ Decca
(Thermofinnigan). The UV/Vis spectroscopic studies were con-
ducted with a Perkin—Elmer Lambda 5 spectrophotometer. Melt-
ing points were recorded with a Biichi 510 apparatus and are un-
corrected.

General Procedure for the Preparation of Diols 4a—c: A solution of
oligoethylene glycol monobenzyl ether (81 mmol) in dry benzene
(30 mL) was added dropwise at 35—40 °C over a 1-h period to a
solution of malonyl chloride (5.6 g, 40 mmol) in dry benzene (50
mL). The solution was then heated under reflux for an additional
2 h. After it had then cooled to room temperature, H,O (50 mL)
and a saturated aqueous NaHCOj solution were added until neut-
rality. The aqueous phase was extracted with Et,O (3 X 70 mL)
and dried (MgSO,). The crude product was purified by column
chromatography (SiO,; C¢H;o/EtOAc). Pd (10 wt-% on activated
carbon, ca. 10 wt-% relative to substrate) was added to a solution
of the malonate ester of diethylene glycol monobenzyl ether
(8 mmol) in dry EtOH (30 mL), and the resulting suspension was
subjected to hydrogenolysis at room temperature and pressure with
vigorous stirring. After filtration, the solvent was removed in vacuo
to give the product (in nearly quantitative yield), which was used
for the following steps without further purification.

Compound 4a: This compound was produced from diethylene
glycol monobenzyl ether (2a) (16 g, 81.6 mmol) and malonyl chlor-
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ide (5.6 g, 40 mmol). Purified by column chromatography (SiO»;
C¢H »/EtOAc, 70:30), 3a was obtained as a pale yellow oil (13.9 g,
75%). IR: ¥V = 1740 cm ™! (ve—o). '"H NMR (CDCls): § = 7.4-7.2
(m, 10 H, ArH), 4.6 (s, 4 H, —CH,—Ph), 43 (m, 4 H,
—COOCH,CH,0—), 3.8—3.6 (m, 12 H, —COOCH,CH,O— and
—OCH,CH,0—), 345 (s, 2 H, —OOCCH,COO-). From 3a
(3.68 g, 8 mmol), 4a was obtained as a colourless oil (2.17 g, 97%).
IR: ¥ = 3240 (von), 1735 cm ™! (ve—o). 'H NMR (CDCl,): § =
44-43 (m, 4 H, —-COOCH,CH,O-), 3.65 (m, 4 H,
—COOCH,CH,0-), 345 (s, 2 H, —OOCCH,COO-), 3.3-3.2
(m, 8 H, —~OCH,CH,0-), 2.85 (s, 2 H, —OH).

Compound 4b: This compound was produced from 2b (15.5g,
65 mmol) and malonyl dichloride (4.5 g, 32 mmol). Purified by col-
umn chromatography (SiO,; CsH »/EtOAc, 40:60), 3b was obtained
as a clear oil (13.9 g, 80%). IR: ¥ = 1754 cm™! (ve—o). '"H NMR
(CDCly): 6 = 7.4-7.2 (m, 10 H, ArH), 4.55 (s, 4 H, —CH,—Ph),
43-42 (m, 4 H, —COOCH,CH,0—), 3.75-3.6 (m, 20 H,
—COOCH,CH,0— and -OCH,CH,0-), 342 (s, 2 H,
—0O0OCCH,COO—) ppm. From 3b (4.38 g, 8 mmol), 4b was ob-
tained as a colourless oil (2.8 g, 95%). IR: v = 3330 (vop), 1754
cm ! (ve—o). 'H NMR (CDCly): & = 435 (m, 4 H,
—COOCH,CH,0-), 3.79-3.71 (m, 20 H, —COOCH,CH,0—
and —OCH,CH,0—), 3.40 (s, 2 H, —=OOCCH,COO-), 2.9 (s, 2
H, —OH) ppm.

Compound 4¢: This compound was produced from 2¢ (8.7 g,
31 mmol) and malonyl dichloride (2 g, 14.3 mmol). Purified by col-
umn chromatography (SiO,; CsH»/EtOAc, 30:70), 3¢ was obtained
as a clear oil (7.3 g, 80%). IR: v = 1735, 1752 cm ™! (ve—o). 'H
NMR (CDClL): 6 = 74-72 (m, 10 H, ArH), 4.55 (s, 4 H,
—CH,—Ph), 4.3—-4.2 (m, 4 H, —-COOCH,CH,0-), 3.75-3.6 (m,
28 H, —COOCH,CH,O— and —OCH,CH,0-), 3.45 (s, 2 H,
—0O0CCH,COO—) ppm. From 3¢ (5.1 g, § mmol), 4¢ was ob-
tained as a colourless oil (3.5 g, 96%). IR: V = 3330 (voy), 1735,
1752 em™! (ve—o). 'H NMR (CDCly): 8 = 43 (m, 4 H,
—COOCH,CH,0-), 3.72-3.6 (m, 28 H, —COOCH,CH,0— and
—OCH,CH,0-), 3.46 (s, 2 H, ~OOCCH,COO-), 2.79 (s, 2 H,
—OH) ppm.

General Procedure for the Synthesis of Crown Ethers: The reaction
was conducted under high-dilution conditions by slow addition,
from two identical dropping funnels, of solutions of the appropriate
diol and malonyl dichloride in dry toluene/THF (1:1, 80 mL) and
toluene (80 mL), respectively, into toluene (400 mL) at 55 °C. Addi-
tions were carried out over a period of 8—10 h. The reaction vessel
was equipped with an NaOH trap. The reaction mixture was vigor-
ously stirred for 2 d, and then cooled to room temperature. After
neutralisation, the solvent was distilled off in vacuo, and the waxy
residue was thoroughly washed with Et,O to provide Sa—c as
white solids.

Compound 5a: This compound was produced from diol 4a (5.17 g,
20 mmol) and malonyl dichloride (3.1 g, 22 mmol) and was ob-
tained as white needles (3.1 g, 44%). M.p. 88—89 °C (EtOAc)
(ref.P4 67—69 °C). 'H NMR and mass spectroscopic data are
identical to those reported in the literature.”® 13C NMR (CDCl;):
& = 166.6, 69.2, 65.1, 42.0 ppm.

Compound 5b: This compound was produced from diol 4b (5.5 g,
15 mmol) and malonyl dichloride (2.3 g, 16 mmol) and was ob-
tained as white prisms (2.95 g, 37%). M.p. 80—81 °C (EtOAc). IR:
Vv =1728 ecm ! (ve=o). '"H NMR (CDCl3): 3 = 4.32 (m, 8 H,
—COOCH,CH,0-), 3.72 (m, 8 H, —COOCH,CH,0-), 3.67 (m,
8 H, —OCH,CH,0—), 3.47 (s, 4 H, —OOCCH,COO-) ppm. 13C
NMR (CDCly): 6 = 166.2, 70.4, 68.6, 64.4, 41.2 ppm. MS (EI): m/
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= (%) = 459.4 (100) [M + NaJ*. C gH40,5 (436.2): caled. C 49.54,
H 6.42; found C 49.32, H 6.74.

Compound 5c¢: This compound was produced from diol 4¢ (5.25 g,
11.5 mmol) and malonyl dichloride (1.83 g, 13 mmol) and was ob-
tained as white needles (2.10 g, 35%). M.p. 59—60 °C (iPrOH). IR:
V= 1744, 1725 cm™! (ve—o). 'H NMR (CDCl3): § = 4.32 (m, 8
H, —COOCH,CH,0~-), 3.72 (m, 8 H, —COOCH,CH,0—), 3.67
(m, 16 H, —OCH,CH,0-), 3.47 (s, 4 H, —~OOCCH,COO—) ppm.
13C NMR (CDCly): § = 166.3, 70.3, 68.5, 64.4, 61.2, 41.0 ppm.
MS (EI): m/z (%) = 563.4 (42) [M + K]*, 547.4 (100) [M + Na]*.
C»H3604 (524.5): C 5037, H 6.92; found C 50.05, H
7.10.

Preparation of Monofunctionalized 6a—c: A solution of the crown
ether (1 mmol) and piperidinium acetate (10 mg) in dry benzene
(20 mL) was brought to reflux in a flask fitted with a Dean—Stark
apparatus. A solution of  p-(dimethylamino)benzaldehyde
(0.8 mmol) in dry benzene (20 mL) was added dropwise over a 2-
h period. Heating under reflux was maintained for an additional
24 h. The solvent was removed in vacuo and the residue was puri-
fied by column chromatography. By-products obtained from con-
densation on both malonate moieties were also isolated and charac-
terized and will be described elsewhere.

Compound 6a: This compound was produced from crown ether Sa
(520 mg, 1.5 mmol) and p-(dimethylamino)benzaldehyde (150 mg,
1 mmol), purified by column chromatography (SiO,; toluene/
MeCN, 4:1 to 2:1) and obtained as a yellow solid (130 mg, 230 mg
of recovered 5a, 79%). M.p. 97—99 °C (EtOH). IR: ¥ = 1720 cm ™!
(vc=o). '"H NMR (CDCl3): § = 7.69 (s, 1 H, —CH=C-), 7.4 (m,
2 H, Ar—H), 665 (m, 2 H, Ar—H), 446—437 (m, 4 H,
—COOCH,CH,0-), 431 (m, 4 H, —-COOCH,CH,0O-),
384-3.75 (m, 8 H, —COOCH,CH,O-), 344 (s, 2 H,
—0OO0CCH,COO-), 3.05 [s, 6 H, —=N(CHs3),] ppm. '*C NMR
(CDCly): & = 167.7, 166.6, 166.0, 164.7, 151.9, 143.8, 132.2, 132.0,
119.8, 118.7, 111.8, 111.5, 69.3, 69.0, 68.8, 65.1, 64.8, 64.6, 41.8,
39.8 ppm. UV/Vis (CHCI;/MeCN, 1:1): A .x (€) =380 nm (28100).
C13H59NOy (479.3): caled. C 57.61, H 6.10, N 2.92; found C 57.4,
H 6.25, N 2.8. MS (EI): m/z (%) = 480.5 (23) [M + H]*, 502.4
(100) [M + Na]*.

Compound 6b: This compound was produced from crown ether 5b
(440 mg, 1 mmol) and p-(dimethylamino)benzaldehyde (120 mg,
0.8 mmol), purified by column chromatography (SiO,; CgH,»/
EtOAc, 30:70) and obtained as a yellow oil (300 mg, 150 mg of
recovered 5b, 80%). IR: ¥ = 1720 cm ™! (vc—o). '"H NMR (CDCls):
§=1765(,1H, —-CH=C—), 7.38 (m, 2 H, Ar—H), 6.65 (m, 2 H,
Ar—H), 4.48—4.40 (m, 4 H, —COOCH,CH,0—), 432 (m, 4 H,
—COOCH,CH,0-), 3.83—-3.6 (m, 16 H, —COOCH,CH,0-),
3.42 (s, 2 H, —OOCCH,COO-), 3.05 (s, 6 H, —N(CH3),] ppm.
13C NMR (CDCl,): § = 167.5, 166.1, 164.6, 151.7, 143.4, 131.8,
119.9, 118.8, 111.4, 70.5, 70.4, 68.9, 68.6, 68.6, 64.5, 64.4, 64.3,
41.3, 39.8 ppm. UV/Vis (CHCI3/MeCN, 1:1): Apay (€) =380 nm
(22800). C57H37NO, (567.2): caled. C 57.14, H 6.52, N 2.47; found
C 56.87, H 6.72, N 2.32.

Compound 6¢: This compound was produced from crown ether 5¢
(520 mg, 1 mmol) and p-(dimethylamino)benzaldehyde (100 mg,
0.7 mmol), purified by column chromatography (SiO,; toluene/
MeCN, 2:1 to 1:1) and obtained as a yellow oil (270 mg, 140 mg
of recovered 5S¢, 60%). IR: v = 1720 cm™' (ve—o). 'H NMR
(CDCl3): 6 = 7.68 (s, ] H, —CH=C-), 7.40 (m, 2 H, Ar—H), 6.64
(m, 2 H, Ar—H), 448-4.39 (m, 4 H, —COOCH,CH,0~-), 4.32
(m, 4 H, -COOCH,CH,O-), 3.79-3.62 (m, 24 H,
—COOCH,CH,0~-), 3.46 (s, 2 H, —OOCCH,COO-), 3.05 [(s, 6
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H, —N(CHs;),] ppm. '3C NMR (CDCl;): § = 167.4, 166.2, 164.5,
151.1, 143.1, 131.8, 121.0, 119.6, 112.1, 70.4, 68.8, 68.6, 64.5, 41.2,
40.3 ppm. UV/Vis (CHCI3/MeCN, 1:1): A« (€) =380 nm (20100).
MS (EI): miz (%) =694.5 (41) [M + K]*, 678.6 (100) [M + Na]*.
C3,H4sNO 4 (655.3): caled. C 56.78, H 6.92, N 2.14; found C 57.05,
H 6.72, N 2.25.

General Procedure for the Preparation of Methanofullerenes: A solu-
tion of DBU (0.5 mmol) in toluene (5 mL) was added dropwise to
a solution of the crown ether (0.2 mmol), Cgy (0.2 mmol) and I,
(0.2 mmol) in toluene (130 mL). Stirring under nitrogen was con-
tinued for 12 h. The product was purified by column chromato-
graphy (SiO»; toluene, then toluene/iPrOH, 98:2), and then dis-
solved in a minimum amount of CH,Cl,, precipitated with MeOH
and centrifuged. The solvent was then removed and the solid was
dried under high vacuum.

Compound 7a: This compound was produced from crown ether 6a
(77 mg, 0.16 mmol), Cg (115mg, 0.16 mmol), I, (41 mg,
0.16 mmol) and DBU (61 mg, 0.4 mmol) and was obtained as a
dark red solid (50 mg, 26%). M.p. > 250 °C. '"H NMR (CDCls):
8§ =772(,1H, -CH=C—), 74 (m, 2 H, Ar—H), 6.65 (m, 2 H,
Ar—H), 4.63 (m, 4 H, —COOCH,CH,0—), 4.56—4.43 (m, 4 H,
—COOCH,CH,0~-), 4—3.88 (m, 8 H, —COOCH,CH,0—), 3.05
[s, 6 H, =N(CH3),] ppm. *C NMR (CDCl;): § = 164.8, 163.4,
152.0, 145.1, 144.6, 144.0, 143.8, 142.9, 142.1, 141.8, 140.8, 139.0,
137.5, 132.1, 119.8, 118.6, 111.5, 69.6, 69.1, 69.0, 68.8, 66.8, 66.4,
65.0, 64.8, 39.9 ppm. UV/Vis (CHCI3/MeCN, 1:1): hp. (€) = 375
nm (17100).

Compound 7b: This compound was produced from crown ether 6b
(90 mg, 0.16 mmol), Cg (150mg, 0.21 mmol), I, (43 mg,
0.17 mmol) and DBU (64 mg, 0.42 mmol), and was obtained as a
dark red solid (70 mg, 35%). M.p. > 250 °C. '"H NMR (CDCl,):
8§ =1772(,1H, —-CH=C—), 7.4 (m, 2 H, Ar—H), 6.65 (m, 2 H,
Ar—H), 4.66 (m, 4 H, —COOCH,CH,0—), 4.54—4.39 (m, 4 H,
—COOCH,CH,0-), 3.96—3.73 (m, 16 H, —COOCH,CH,O—
and —OCH,CH,0—), 3.05 [s, 6 H, —N(CH3),] ppm. '*C NMR
(CDCly): & = 167.8, 164.8, 163.4, 151.6, 145.3, 145.2, 145.1, 144.9,
144.7 X 3, 144.6, 143.9, 143.6, 143.1, 143.0 X 2, 142.2, 141.9 X 2,
141.0, 139.3, 132.1, 112.1, 71.4, 72.0, 70.8, 70.6, 70.1, 70.0, 69.9,
66.4, 65.7, 64.5, 40.3 ppm. UV/Vis (CHCI3/MeCN, 1:1): Ay (€) =
375 nm (46100). MS (EI): m/z (%)= 1309.4 (47) [M + Na]".

Compound 7¢: This compound was produced from crown ether 6¢
(120 mg, 0.18 mmol), Cg (144 mg, 0.2 mmol), I, (51 mg, 0.2 mmol)
and DBU (61 mg, 0.4 mmol), and was obtained as a dark red solid
(67 mg, 27%). M.p. >250 °C. '"H NMR (CDCls): § = 7.72 (s, | H,
—CH=C-),7.4 (m,2 H, Ar—H), 6.65 (m, 2 H, Ar—H), 4.64 (m, 4
H, —-COOCH,CH,0-), 4.52—4.38 (m, 4 H, —~COOCH,CH,0—),
3.93-3.65 (m, 16 H, —COOCH,CH,0— and —OCH,CH,0-),
3.05[s, 6 H, —N(CHs5),] ppm. '*C NMR (CDCls): § = 167.7, 164.8,
163.5, 145.3, 145.3, 145.2, 145.0, 144.8, 144.7, 144.0, 143.1, 143.1,
143.0, 142.3, 141.9, 141.0, 139.2, 139.1, 132.1, 71.5, 70.9, 70.8, 70.8,
70.8, 69.2, 68.9, 68.9, 66.4, 65.0, 65.0, 64.8, 64.7, 64.7, 52.0,
43.3.43.3 ppm. UV/Vis (CHCI3;/MeCN, 1:1): Apax () = 375 nm
(39500). MS (EIL: m/z (%)= 1397.5 (100) [M + Na]®.

General Procedure for the Determination of the Association Con-
stants: MeCN (Carlo Erba UV/Vis spectroscopic grade) was used
for the determination of the stability constants by UV/Vis spectro-
photometry. A Mettler H31 analytical balance (with a precision of
10~* g) was used to weigh the samples for the stock solutions. Ali-
quots of these stock solutions were then taken by high-precision
Hamilton syringes to prepare the cuvette samples for spectrophoto-
metric analyses. The titration experiments were conducted as fol-
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lows. To a stock solution of crown ether (solution A) in MeCN
were added several aliquots of a solution (solution B) made up of
the metal salt (at higher concentration) dissolved in solution A, in
order to maintain the crown ether at the same, constant concentra-
tion. Stock solutions A were in the range 5 X 1073 to 8 X 1073,
whereas stock solutions B were in the range 6 X 107> to 2 X 1072
for Eu(OTf);. After each addition, the UV/Vis spectrum in the
250—700-nm region was recorded, and absorbances at selected
wavelengths were measured. By use of a nonlinear fitting curve
program, the plot of A against the metal concentration x was fitted
by Equation (1), thus affording the value of the association con-
stant k,, where 4 is the measured absorbance, x is the total concen-
tration of titrant (usually metal salt) added, €. is the molar ab-
sorptivity of the complex, €, is the molar absorptivity of the sub-
strate at the desired wavelength, which could be directly deter-
mined, C is the total concentration of the titrate (which is a
constant quantity, usually the crown ether), and k, is the associ-
ation constant for the 1:1 complex.

ko(C+x)+ 1~ {[ku(C+x) + 1]* - 4Cx} 07

A =(E.—¢,) +gC (1)

2%,

Acknowledgments

We thank the University of Pavia for funding (FAR 2000—2002),
and Prof. M. Maggini (University of Padova, Italy) for useful dis-
cussions regarding this manuscript.

01 [al Y. Imahori, Y. Sakata, Adv. Mater. 1997, 9, 537—546. [1b]
N. Martin, L. Sanchez, B. Illescas, 1. Pérez, Chem. Rev. 1998,
98, 2527—2547. For recent examples, see: ' D. M. Guldi, M.
Maggini, E. Menna, G. Scorrano, P. Ceroni, M. Marcaccio, F.
Paolucci, S. Roffia, Chem. Eur. J 2001, 7, 1597—1605. [1d] S,
Fukuzumi, K. Ohkubo, H. Imahori, J. Shao, Z. Ou, G. Zheng,
Y. Chen, R. V. Pandey, M. Fujitsuka, O. Ito, K. M. Kadish, J
Am. Chem. Soc. 2001, 123, 10676—10683. '] A. Gouloumis,
S.-G. Liu, A. Sastre, P. Vazquez, L. Echegoyen, T. Torres,
Chem. Eur. J. 2000, 6, 3600—3607.

[2al P A_ van Hal, J. Knol, B. M. W. Langeveld-Voss, S. C. I.
Meskers, J. C. Hummelen, R. A. J. Janssen, Synth. Met. 2001,
166, 123—127. 12°1 D. Kuciauskas, P. A. Liddell, S. Lin, S. G.
Stone, A. L. Moore, J Phys. Chem. B 2000, 104, 4307—4321.
[2<1 D. M. Guldi, C. Luo, A. Swartz, M. Scheloske, A. Hirsch,
Chem. Commun. 2001, 1066—1067. 241 J. L. Segura, N. Martin,
Tetrahedron Lett. 1999, 40, 3239—3242.

Bal F. Diederich, C. Thilgen, Science 1996, 271, 317—323.
1361 M. Prato, M. Maggini, Acc. Chem. Res. 1998, 31, 519—526.
Bl Fullerenes: Chemistry, Physics and Technology (Ed.: K.
Kadish), John Wiley & Sons, New York, 2000.

For examples of fullerene photovoltaics, see: [ N. S. Sariciftci,
L. Smilowitz, A. J. Heeger, F. Wudl, Science 1992, 258,
1474—1476. ¥ G. Yu, J. Gao, J. C. Hummelen, F. Wudl, A. J.
Heeger, Science 1995, 270, 1789—1791. ¥l J-F. Nierengarten,
J.-F. Eckert, J-F. Nicoud, L. Ouali, V. Krasnikov, G. Had-
zitoannou, Chem. Commun. 1999, 617—618.

Bal T. Da Ros, M. Prato, D. Guldi, E. Alessio, M. Ruzzi, L.
Pasimeni, Chem. Commun. 1999, 635—636. For a recent review
on Cg supramolecular chemistry, see: °® M. Gomez-Lopez, F.
Diederich, Chem. Soc. Rev. 1999, 28, 263—277. I*1 E. Sartori,
L. Garlaschelli, A. Toffoletti, C. Corvaja, M. Maggini, G. Scor-
rano, Chem. Commun. 2001, 311—312. 34 E. Sartori, A. Tof-
foletti, C. Corvaja, L. Garlaschelli, J Phys. Chem. A 2001,
105, 10776—10780.

[2

=

E

&

3391



FULL PAPER

[6]
[7]

[8

[9]

3392

L. Garlaschelli, I. Messina, D. Pasini, P. P. Righetti

D. Pasini, P. P. Righetti, V. Rossi, Org. Lett. 2002, 4, 23—26.
For early reports on crown ethers containing a malonate func-
tionality, see: [7#1 J. S. Bradshaw, C. T. Bishop, S. F. Nielsen, R.
E. Asay, D. R. K. Masihdas, E. D. Flanders, R. M. Izatt, J. J.
Chrisensen, J. Chem. Soc., Perkin Trans. 1 1975, 2505—2508.
76l R. M. Izatt, J. D. Lamb, G. E. Mass, R. E. Asay, J. S.
Bradshaw, J. J. Christensen, J Am. Chem. Soc. 1977, 99,
2365—6. <l J. D. Lamb, R. M. Izatt, C. S. Swain, J. S. Brad-
shaw, J. J. Christensen, J. Am. Chem. Soc. 1980, 102, 479—482.
7 R. M. Izatt, J. S. Bradshaw, S. A. Nielsen, J. D. Lamb, J. J.
Christensen, Chem. Rev. 1985, 85, 271—339. 7¢I C. Anchisi, L.
Corda, A. M. Fadda, A. M. Maccioni, G. Podda, J. Heterocycl.
Chem. 1988, 25, 735—737.

G. Coudert, M. Mpassi, G. Guillaumet, C. Selve, Synth. Com-
mun. 1986, 16, 19—26.

Pal A Ninagawa, T. Maeda, H. Matsuda, Chem. Lett. 1984,

1985—1988. ° B. Thulin, F. Vogtle, J Chem. Research (S)
1981, 256.

[101 The synthesis and characterization of bis(functionalized) com-
pounds, their stereochemical isomerism and their spectroscopic
properties will be described elsewhere.

11 A, Hirsch, O. Vostrowsky, Eur. J. Org. Chem. 2001, 829—848.

121 K. A. Connors, Binding Constants, Wiley, New York, 1987.

131 H. H. Jaffé, M. Orchin, Theory and Applications of Ultraviolet
Spectroscopy, Wiley, New York, 1962.

(141 C. Piguet, J.-C. Biinzli, Chem. Soc. Rev. 1999, 28, 347—358.

(151 [15al K - Kordatos, M. Prato, E. Menna, G. Scorrano, M. Mag-
gini, J. Sol-Gel Sci. Tech. 2001, 22, 237—244. 15°1 R Signorini,
M. Meneghetti, R. Bozio, M. Maggini, G. Scorrano, M. Prato,
G. Brusatin, P. Innocenzi, M. Guglielmi, Carbon 2000, 38,
1653—1662.

Received April 28, 2002
[002237]

Eur. J. Org. Chem. 2002, 3385—3392



