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A Novel [60]Fullerene-Calixarene Conjugate Which Facilitates Self-Inclusion of
the [60]Fullerene Moiety into the Homooxacalix[3]arene Cavity
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A novel calixfullerene 1, in which a homooxacalix[3]arene
moiety conjugates with a [60]fullerene moiety through a trie-
thylene glycol chain, exhibits interesting self-
complexation−decomplexation properties in response to the
solvent polarity. In CDCl3, 1 exists predominantly as con-
former I with a free [60]fullerene moiety and the open ca-
lixarene cavity. In CHCl3/CH3CN (1:1, v/v), however, 1 exists
predominantly as the self-inclusion conformer II with the
[60]fullerene moiety capped by the intramolecular calixarene

Introduction

In the field of host-guest chemistry, much attention has
been devoted toward the use of half-bowl-shaped host mole-
cules such as calixarenes,[125] cyclodextrins,[6] cyclotriveratry-
lene,[7] resorcinarenes[8] and other macrocyclic molecules[9] to
design receptor molecules which can form stable host-guest-
type complexes with large guest molecules. Particular interest
is now focused on the inclusion of globular-shaped fuller-
enes.[10] The host-guest-type interactions in these inclusion
complexes have successfully been applied to the purification
of fullerenes,[2] water-solubilization of fullerenes,[5,6] photo-
cleavage of DNA,[5] design of photovoltaic cells,[11] etc. In
spite of a large number of studies on the inclusion complexes
of fullerenes in organic solvents, only few attempts have so
far been extended to the fullerene-related interdisciplinary re-
search areas. It is undoubted that one major reason for this is
related to the low association constants between the receptor
molecules and [60]fullerene in organic solvents. Although ca-
lixarene dimers[3] and a capsular molecule[4] have relatively
high association constants by including [60]fullerene in the
three-dimensional cavities, the association constants are not
yet sufficiently high for applying these systems to photo-
chemical and electrochemical fields where [60]fullerene
should play an important role as an electron pool. One pos-
sible approach to solve this low association-constant problem
is to connect a receptor moiety intramolecularly to [60]fuller-
ene by a flexible linker. A few [60]fullerene derivatives con-
nected to calix[n]arenes have already been reported.[12] In
1994, we reported a calixfullerene[12a] in which the [60]fuller-
ene moiety is connected to a lower rim OH group in ca-
lix[8]arene. Although this conjugate could form an intramo-
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moiety. This is a unimolecular event but not an aggregate
formation event because the concentration effect on the stoi-
chiometry in the 1H NMR spectroscopy and molecular weight
determination in vapor pressure osmometry are all com-
mensurate with a unimolecular process. The
complexation−decomplexation exchange rate is slower than
the NMR time scale, which has enabled us to estimate the
equilibrium constant [conformer II/conformer I = 0.72 in
CHCl3/CH3CN (24:1, v/v) at 27 °C].

lecular inclusion complex in the solid state, no clear evidence
for inclusion of the [60]fullerene moiety in the calixarene cav-
ity was obtained in the solution state. Reexamining the struc-
ture of the calixfullerene in light of the results described be-
low about calixarene2fullerene interactions, we found that
the possible reasons are that the calix[8]arene moiety in
which one of the OH groups was alkylated has only very
weak binding ability and that the [60]fullerene moiety is con-
nected onto a lower rim which is on the opposite side to the
cavity. We thus designed and synthesized a novel calixfuller-
ene (1) in which the [60]fullerene moiety is connected to an
upper rim OH group of a cone-conformation homooxacalix-
[3]arene moiety (which is known to interact with [60]fuller-
ene[2a]) through a triethylene glycol chain. Since [60]fullerene
and its derivatives are poorly soluble in polar solvents,[13] one
may expect that the [60]fullerene moiety is desolvated in
these polar solvents and should be able to be captured by
the π-aromatic homooxacalix[3]arene cavity. This means, if
it really occurs, that in 1 the complexation2decomplexation
processes can be readily controlled by the solvent effect.



A. Ikeda, S. Nobukuni, H. Udzu, Z. Zhong, S. ShinkaiFULL PAPER

Results and Discussion

Synthesis of Compound 1

The synthetic route for compound 1 is depicted in
Scheme 1. Fuji et al. previously reported the stepwise syn-
thesis of homooxacalix[3]arenes bearing different substitu-
ents on the upper rim.[14] We designed a more convenient
one-step procedure to reach compound 8 with two tert-bu-
tyl and one ethyl ester groups on the upper rim. The isol-
ated yield is 26% which is comparable to that of Fuji’s
method (ca. 15230%). Treatment of 8 with N,N-diethyl-
chloroacetamide yielded cone-9, in which interconversion be-

Scheme 1. Synthesis of compound 1; reagents and reaction conditions: (a) ethyl malonyl chloride (1.0 equiv.), pyridine, dry CH2Cl2, room
temperature, 36 h, 72%; (b) CBr4 (1.0 equiv.), DBU (2.0 equiv.), toluene, room temperature, 12 h, 28%; (c) 6 (0.33 equiv.), p-xylene, reflux,
22 h, 26%; (d) 2-chloro-N,N-diethylacetamide (5 equiv.), NaH (5 equiv.), NaI (0.25 equiv.), reflux, 6 h, 22%; (e) NaOH (3.0 equiv.), EtOH/
H2O, room temperature, 3 days, 88%; (f) 8 (1.0 equiv.), EDC (1.0 equiv.), DMAP (1.0 equiv.), CH2Cl2, room temperature, 18 h, 21%
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tween cone- and partial-cone-conformations is suppressed
by the bulky diethylacetamide substituents on the phenolic
oxygens.[15] In the last step, a calixarene moiety and a
[60]fullerene moiety were coupled with the flexible triethy-
lene glycol chain so that the homooxacalix[3]arene moiety
can include the [60]fullerene moiety in its own cavity.

UV/Vis Absorption Spectroscopy

We measured the UV/Vis absorption spectra of 1
(0.10 m) as a function of the solvent composition. As
shown in Figure 1a, the absorption band near 425 nm
shows a hypochromic shift with increase in the CH3CN
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concentration. However, a similar spectral change was ob-
served for the UV/Vis absorption spectra of 2 (0.10 m)
without the intramolecular calixarene cavity (Figure 1b).
These results imply that these spectral changes are caused
by a change in the solvent polarity. Clear evidence for the
intramolecular interaction of 1 was not obtained in polar
solvents by UV/Vis absorption spectroscopy. Presumably,
the spectral change induced by the fullerene2calixarene in-
teraction is smaller in asymmetrically substituted [60]fuller-
enes than in symmetrically unmodified [60]fullerene.[8c]

Figure 1. UV/Vis spectra of (a) 1 (0.1 m) and (b) 2 (0.1 m) in
CDCl3/CD3CN 5 1:0, 9:1, 4:1 and 1:1 (v/v) at 25 °C

1H NMR Spectroscopy

Compound 1 gives a very complicated 1H NMR spec-
trum in CDCl3 (Figure 2a). As shown in Figure 2, however,
the spectrum changes significantly upon addition of
CD3CN: the peaks marked with open circles decrease with
the increase in the ratio of CD3CN, whereas the peaks
marked with filled circles increase. All the peaks observed
in CDCl3 or CDCl3/CD3CN 5 1:1 (v/v) can be assigned
with the aid of 1H-1H COSY spectroscopy to two con-
formers: conformer I (open circle) and conformer II (filled
circle). The equilibrium constant (5 conformer I/conformer
II) decreases with the addition of CD3CN, namely, 3.40,
1.39. 0.20, 0.29 and 0.00 in CDCl3/CD3CN 5 1:0, 24:1, 9:1,
4:1 and 1:1 (v/v), respectively. To confirm that none of these
two conformers is the degradation product, we carried out
the following three experiments with a solution used for
Figure 2d, in which 1 predominantly exists as conformer II.
Firstly, a thin-layer chromatogram showed that conformer
II in this solution gives the same Rf value as highly purified
1. Secondly, the MALDI-TOF MS measurement estab-
lished that conformer II has the same molecular weight as
1. Finally, the solution was once evaporated to dryness and
the residue was dissolved again in CDCl3. The 1H NMR
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spectrum of the solution thus obtained was identical to that
in Figure 2a. These results unambiguously support the view
that conformer II is not the degradation product of 1 but
one solvent2dependent conformer of 1. In a 2 1 3 mixed
system (2.0 m each), on the other hand, no new 1H NMR
peak appears upon addition of CH3CN.

Figure 2. 1H NMR spectra (600 MHz, 27 °C) of 1 (2.0 m) in
CDCl3/CD3CN 5 (a) 1:0, (b) 24:1, (c) 9:1 and (d) 1:1 (v/v)

In CDCl3, conformers I and II have three pairs of doub-
lets for the ArCH2OCH2Ar methylene protons (conformer
I: δ 5 4.53 and 4.90, 4.55 and 4.82 and 4.70 and 5.04; con-
former II: δ 5 4.21 and 4.67, 4.23 and 4.65 and 4.28 and
4.63) and three different kinds of ArH protons [conformer
I: δ 5 6.89, 6.91 and 7.83; conformer II: δ 5 7.13 (the b1

and b2 protons in Figure 3 overlap with each other) and
7.93] (Table 1). This splitting pattern is commensurate with
a structure of Cs symmetry (Figure 3). It is known that in
cone-homooxacalix[3]arene the chemical shift difference
(∆δΗ 5 δHeq 2 δHax) between axial (Hax) and equatorial
(Heq) protons in the ArCH2OCH2Ar methylene groups is
useful as a measure for the phenyl units9 inclination:[2b,16]

in conventional calix[n]arenes the phenyl rings are more
flattened with the increase in the ∆δΗ, whereas the reverse
correlation is seen for homooxacalix[3]arenes.[2b] The ∆δΗ

values for conformer I are 0.28, 0.36 and 0.38 ppm. In con-
trast, the ∆δΗ values for conformer II are increased to 0.36,
0.43 and 0.49 ppm. These results indicate that the phenyl
groups in conformer II are less flattened than those in con-
former I; undoubtedly, this conformational change is in-
duced by inclusion of the [60]fullerene moiety into the cav-
ity.[2b,17] Furthermore, the peaks of the ArCH2OCH2Ar
methylene protons in conformer II appear very close to
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Table 1. Chemical shifts and ∆δ of ArCH2OCH2Ar methylene pro-
tons

Conformer I Conformer II
δHeq (ppm) δHax (ppm) ∆δ (ppm) δHeq (ppm) δHax (ppm) ∆δ (ppm)

4.90 4.53 0.37 4.67 4.21 0.36
4.82 4.55 0.27 4.65 4.23 0.42
5.04 4.70 0.26 4.63 4.28 0.35

∆δ 5 δHeq 2 δHax.

Figure 3. Symmetry of compound 1

Table 2. NOE peak intensities (%) of the ArH protons with respect
to the methyl protons in the malonate group of 1 [CDCl3/
CD3CN 5 24:1 (v/v), 27 °C]

b1 b2 b3

Conformer I 0.05[a] 0.04[a] 0.07
Conformer II 0.11[b] 0.09

[a] The b1 and b2 protons could not be assigned. The protons at
δH 5 6.89 and 6.91 were tentatively assigned to b1 and b2, respect-
ively. 2 [b] The b1 and b2 protons overlapped with each other.

each other [∆δHax 5 0.07 ppm (4.2124.28 ppm) and
∆δHeq 5 0.04 ppm (4.6324.67 ppm) compared to those for
conformer I, ∆δHax 5 0.29 ppm (4.5324.82 ppm) and
∆δHeq 5 0.22 ppm (4.8225.04 ppm)]. These results consist-
ently suggest that the calixarene ring of conformer II has a
C3v symmetrical structure. One may consider, therefore, that
conformer II includes the [60]fullerene moiety in the cavity.
To further confirm the [60]fullerene inclusion, we con-
ducted a nuclear Overhauser effect (NOE) experiment on 1
in CDCl3/CD3CN (24:1, v/v), where conformers I and II
exist in a nearly 1:1 ratio (400 MHz, 25 °C). Table 2 shows
the NOE peak intensities of the ArH protons with respect
to the methyl group of the malonate. These results establish
that the distance between the homooxacalix[3]arene moiety
and the [60]fullerene moiety in conformer II is shorter than
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that in conformer I. This trend is clearly commensurate
with a conformation featuring inclusion of the [60]fuller-
ene moiety.

Evidence for the Self-Inclusion

The foregoing spectral findings can be explained in three
different ways: (i) self2inclusion of the [60]fullerene moiety
(Figure 4a), (ii) intermolecular inclusion to form the dimer
(Figure 4b), and (iii) higher-order oligomerization (Fig-
ure 4c). To evaluate which phenomenon is really taking
place in solution, we examined the concentration effect on
the spectroscopic properties. In the 1H NMR spectrum, the
ratio of I vs. II is scarcely affected by a change in the con-
centration of 1 ([1] 5 0.525.0 m, CDCl3, room temper-
ature). These result shows that the equilibrium between the
two conformers I and II is a concentration-independent,
intramolecular event (i). Furthermore, the average molecu-
lar weight determined by vapor pressure osmometry (VPO)
in CHCl3/CH3CN (1:1, v/v) is 1361 6 600. This value is in
agreement with that calculated for monomeric 1 (theoretical
MW 5 1867).

As a summary of the foregoing findings, one can now
propose that conformer II includes the [60]fullerene moiety
into its own cavity (as shown in Figure 4a). The equilibrium
constant can be readily estimated from the 1H NMR spec-

Figure 4. Possible interactions between calixarene-[60]fullerene or
[60]fullerene-[60]fullerene; (a) an intramolecular event in which the
[60]fullerene moiety is intramolecularly included in the calixarene
cavity, (b) an intermolecular event in which the [60]fullerene moiety
is intermolecularly included in the other calixarene cavity and (c)
an intermolecular event in which the [60]fullerene moieties aggreg-
ate by themselves
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Figure 5. Energy-minimized structure of conformer II: (a) top view and (b) side view

tra to be conformer I/conformer II 5 0.72 in CDCl3/
CD3CN (24:1, v/v) at 27 °C. The energy-minimized struc-
ture of conformer II was generated by computational mo-
lecular modeling (Figure 5). Very interestingly, the calixar-
ene moiety has C3v symmetry which agrees well with the
results obtained from NMR spectroscopy.

Conclusion

In conclusion, the present paper presents the first unequi-
vocal evidence for intramolecular inclusion of [60]fullerene
in its own cavity. The complexation2decomplexation ex-
change rate is slower than the NMR time scale, which has
enabled us to estimate the equilibrium constant for self-in-
clusion. In addition, the ratio between complexed con-
former II and decomplexed conformer I is independent of
the concentration but can be controlled by the solvent ef-
fect. Particularly, 1 exists as conformer II in 100% purity in
CDCl3/CD3CN (1:1, v/v). Based on the foregoing findings,
one can foresee several intriguing extensions: for example
(i) one may estimate ‘‘unimolecular’’ chemical and physical
properties of [60]fullerene derivatives in polar solvents, (ii)
one may suppress undesired photodimerization of [60]ful-
lerene, and (iii) one may dissolve [60]fullerene derivatives in
high concentration even in polar solvents. We believe that
these extensions would result in fruitful findings in fuller-
ene functionalization.

Experimental Section

Melting points were determined on a Micro Melting Point Appar-
atus (Yanaco MP-500D) and uncorrected. The routine 1H and 13C
NMR measurements and the specific measurements such as 2D
COSY and VT NMR were carried out with a Bruker AC-250P
(250 MHz) or DRX 600 (600 MHz) spectrometer. On the other
hand, the NOE measurements were carried out with a JEOL GX-
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400 (400 MHz) spectrometer. UV/Vis spectra were measured on a
Shimadzu UV-2500PC spectrometer. Mass spectra were performed
with a PerSeptive Voyager RP spectrometer. Vapor pressure osmo-
metry measurements were carried out with a Knauer Vapor Pres-
sure Osmometry. Model buildings and molecular dynamics calcula-
tions were performed with an Insight II/Discover 98 software pack-
aged in the context of the Molecular Simulations Inc. (MSI). All
calculations were performed with the Extensive Systematic Force
Field (ESFF). The initial calculation was carried out in vacuo by
molecular dynamics (MD) minimization around 500 K, followed
by molecular mechanics (MM). The syntheses of compounds 2,[18]

3,[19] 6[20] and 7[21] were described previously. In the elemental ana-
lyses, even though the samples were dried at room temperature un-
der vacuum for a few days, the solvent molecules could not be
removed (as frequently seen for solid calixarenes).

Ethyl 2-[2-(2-Hydroxyethoxy)ethoxy]ethyl Malonate (4): Triethylene
glycol (2.00 g, 13.3 mmol) and pyridine (0.35 g, 4.4 mmol) were
mixed in 30 mL of dry CH2Cl2. To this solution was added an
ethyl malonyl chloride solution (0.33 g, 2.2 mmol) in 10 mL of dry
CH2Cl2 from a dropping funnel for 1 h. The mixture was stirred at
room temperature for 36 h. The reaction was stopped with aqueous
1  HCl solution and the organic layer was separated, washed twice
with water and dried over MgSO4. After evaporation to dryness,
the residue was purified twice by column chromatography (silica
gel, CHCl3). Yield 0.42 g (72%). 2 1H NMR (250 MHz, CDCl3,
25 °C): δ 5 4.3424.31 (m, 2 H, OCH2), 4.22 (q, J 5 7.1 Hz, 2 H,
COOCH2CH3), 3.7523.50 (m, 10 H, OCH2), 3.42 (s, 2 H,
COCH2CO), 2.79 (s, 1 H, OH), 1.28 (t, J 5 7.1 Hz, 3 H, CO-
OCH2CH3). 2 C11H20O7·H2O (282.29): calcd. C 49.99, H 7.63;
found C 49.77, H 7.52.

Ethyl 2-[2-(2-Hydroxyethoxy)ethoxy]ethyl 1,2-Methano[60]fuller-
ene-61,61-dicarboxylate (5): [60]Fullerene (0.58 g, 0.80 mmol) and
4 (0.21 g, 0.80 mmol) were mixed in 250 mL of toluene. After cool-
ing to 0 °C, carbon tetrabromide (0.27 g, 0.80 mmol) and 1,8-diaza-
bicyclo[5.4.0]undec-7-ene (DBU) (0.02 g, 1.60 mmol) were added to
this solution. The mixture was stirred at room temperature for 12 h.
The reaction was quenched with water and the organic solution
was separated, washed twice with water and dried over MgSO4.
After evaporation to dryness, the residue was purified twice by col-
umn chromatography (silica gel, toluene and then CHCl3). Yield
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0.22 g (28%); M.p. .350 °C (decomp.). 2 1H NMR (600 MHz,
CDCl3, 25 °C): δ 5 4.67 (t, J 5 4.5 Hz, 2 H, OCH2), 4.57 (q, J 5

7.0 Hz, 2 H, COOCH2CH3), 3.89 (t, J 5 4.5 Hz, 2 H, OCH2),
3.7523.68 (m, 6 H, OCH2), 3.62 (t, J 5 4.5 Hz, 2 H, OCH2), 1.50
(t, J 5 7.2 Hz, 3 H, COOCH2CH3). 2 C71H18O7·0.41CHCl3
(1031.79): calcd. C 83.12, H 1.80; found C 82.88, H 2.05. 2 MS
[MALDI-TOF, 2-(4-hydroxyphenylazo)benzoic acid matrix]: m/z:
calcd. 1005.3 [M 1 Na]1; found 1005.7.

7-Ethoxycarbonyl-15,23-di-tert-butyl-2,3,10,11,18,19-hexahomo-
3,11,19-trioxacalix[3]arene-25,26,27-triol (8): 2,6-Bis(hydro-
xymethyl)-4-tert-butylphenol (6) (0.28 g, 1.35 mmol) and 4-hy-
droxy-3,5-bis(hydroxymethyl)benzoic acid ethyl ester (7) (0.10 g,
0.45 mmol) were mixed in 30 mL of p-xylene in a 100 mL flask
equipped with a Dean2Stark collector. The mixture was stirred at
reflux temperature for 22 h. After evaporation to dryness, the res-
idue was purified by column chromatography [silica gel, ethyl acet-
ate/hexane 5 1:10 (v/v)]. Yield 0.07 g (26%); M.p. 131.22133.2 °C.
2 1H NMR (250 MHz, CDCl3, 25 °C): δ 5 9.38 (s, 1 H, OH), 8.47
(s, 2 H, OH), 7.84 (s, 2 H, ArH), 7.14 (s, 4 H, ArH), 4.73 (s, 12 H,
ArCH2O), 4.32 (q, J 5 7.1 Hz, 2 H, COOCH2CH3), 1.36 (t, J 5

6.9 Hz, 3 H, COOCH2CH3), 1.25 [s, 18 H, C(CH3)3]. 2

C35H44O8·0.7CH3COOC2H5 (654.40): calcd. C 69.38, H 7.64;
found C 69.17, H 7.42.

7-Ethoxycarbonyl-15,23-di-tert-butyl-25,26,27-tris(N,N-diethyl-
aminocarbonylmethoxy)-2,3,10,11,18,19-hexahomo-3,11,19-tri-
oxacalix[3]arene (9): Compound 8 (0.80 g, 1.35 mmol) was treated
with sodium hydride (60% oil susp., 0.26 g, 6.50 mmol) and sodium
iodide (0.05 g, 0.33 mmol) in 55 mL of dry THF at 60 °C under a
nitrogen stream. After 1 h, 2-chloro-N,N-diethylacetamide (0.88 g,
6.50 mmol) was added and the mixture was stirred at reflux temper-
ature for 6 h. After cooling, the mixture was diluted with aqueous
1.0  acetic acid and extracted with CHCl3. The organic solution
was washed twice with water and dried over MgSO4. After evapora-
tion to dryness, the residue was purified by column chromato-
graphy [silica gel, CHCl3/acetone 5 1:1 (v/v)]. Yield 0.27 g (22%);
M.p. 127.02129.3 °C. 2 1H NMR (600 MHz, CDCl3, 25 °C): δ 5

7.81 (s, 2 H, ArH), 6.92 (s, 2 H, ArH), 6.87 (s, 2 H, ArH), 5.03 (d,
J 5 13.2 Hz, 2 H, ArCH2O), 4.90 (d, J 5 12.6 Hz, 2 H, ArCH2O),
4.83 (d, J 5 13.2 Hz, 2 H, ArCH2O), 4.7824.61 (m, 4 H, ArCH2O,
ArOCH2), 4.5924.50 (m, 8 H, ArCH2O and ArOCH2), 4.31 (q,
J 5 7.1 Hz, 2 H, COOCH2CH3), 3.4223.34 (m, 12 H, NCH2CH3),
1.35 (t, J 5 7.1 Hz, 3 H, COOCH2CH3), 1.3021.13 (m, 18 H,
NCH2CH3), 1.02 [s, 18 H, C(CH3)3]. 2 C53H77N3O11·0.2CHCl3
(956.05): calcd. C 66.83, H 8.14, N 4.39; found C 66.77, H 8.31,
N 4.46. 2 MS [MALDI-TOF, 2-(4-hydroxyphenylazo)benzoic acid
matrix]: m/z: calcd. 955.2 [M 1 Na]1; found 955.0.

7-Carboxy-15,23-di-tert-butyl-25,26,27-tris(N,N-diethyl-
aminocarbonylmethoxy)-2,3,10,11,18,19-hexahomo-3,11,19-tri-
oxacalix[3]arene (10): Compound 9 (80 mg, 0.086 mmol) was
treated with aqueous 1.27  NaOH solution (0.9 mL, 0.25 mmol)
and 3 mL of EtOH. The mixture was stirred at room temperature
for 3 days. The mixture was diluted with aqueous 1.0  HCl solu-
tion and the resultant solution was extracted with CHCl3. The or-
ganic solution was washed twice with water and dried over MgSO4.
After evaporation to dryness, the residue was used for the next step.
Yield 70 mg (88%). 2 1H NMR (600 MHz, CDCl3, 25 °C): δ 5

7.55 (s, 2 H, ArH), 7.01 (s, 4 H, ArH), 4.9724.87 (m, 6 H, Ar-
CH2O), 4.77 (s, 2 H, ArOCH2), 4.6524.49 (m, 10 H, ArCH2O and
ArOCH2), 3.4723.28 (m, 12 H, NCH2CH3), 1.2521.13 (m, 18 H,
NCH2CH3), 1.10 [s, 18 H, C(CH3)3]. 2 C51H73N3O11·0.5CHCl3
(963.81): calcd. C 64.18, H 7.69, N 4.36; found C 64.28, H 7.95,
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N 4.66. 2 MS [MALDI-TOF, 2-(4-hydroxyphenylazo)benzoic acid
matrix]: m/z: calcd. 926.5 [M 1 Na]1; found 929.0.

Compound 1: Compound 5 (70 mg, 0.077 mmol), 3-(3-dimethylami-
nopropyl)-1-ethylcarbodiimide (EDC) (15 mg, 0.077 mmol) and 4-
(dimethylamino)pyridine (DMAP) (9.0 mg, 0.077 mmol) were
mixed in 5 mL of dry CH2Cl2. The mixture was stirred at room
temperature for 18 h. The organic solution was washed twice with
saturated aqueous ammonium solution and once with brine and
then dried over MgSO4. After evaporation to dryness, the residue
was purified by column chromatography [silica gel,
CHCl3:MeOH 5 20:1 (v/v)]. Yield 30 mg (21%); M.p.
132.02134.0 °C.
Conformer I:1H NMR (600 MHz, CDCl3, 25 °C): δ 5 7.83 (s, 2 H,
ArH), 6.91 (s, 2 H, ArH), 6.86 (s, 2 H, ArH), 5.04 (d, J 5 13.8 Hz,
2 H, ArCH2O), 4.90 (d, J 5 13.2 Hz, 2 H, ArCH2O), 4.82 (d, J 5

13.2 Hz, 2 H, ArCH2O), 4.7624.62 (m, 6 H, ArCH2O, ArOCH2

and OCH2), 4.6224.48 (m, 10 H, ArCH2O, ArOCH2 and CO-
OCH2CH3), 4.4624.39 (m, 2 H, OCH2), 3.9423.85 (m, 2 H,
OCH2), 3.8323.75 (m, 2 H, OCH2), 3.7523.64 (m, 4 H, OCH2),
3.4923.27 (m, 12 H, NCH2CH3), 1.49 (t, J 5 7.1 Hz, 3 H, CO-
OCH2CH3), 1.2521.05 (m, 18 H, NCH2CH3), 1.01 [s, 18 H,
C(CH3)3].
Conformer II: 1H NMR [600 MHz, CDCl3/CD3CN 5 1:1 (v/v), 25
°C]: δ 5 7.90 (s, 2 H, ArH), 7.23 (s, 4 H, ArH), 4.7724.65 (m, 10
H, ArCH2O and ArOCH2), 4.6524.58 (m, 2 H, OCH2), ), 4.54 (q,
J 5 7.2 Hz, 2 H, COOCH2CH3), 4.3824.32 (m, 4 H, ArOCH2 and
OCH2), 4.3124.17 (m, 6 H, ArCH2O), 3.8723.78 (m, 2 H, OCH2),
3.7723.70 (m, 2 H, OCH2), 3.7023.53 (m, 4 H, OCH2), 3.4023.33
(m, 6 H, NCH2CH3), 3.2023.10 (m, 6 H, NCH2CH3), 1.46 (t, J 5

7.2 Hz, 3 H, COOCH2CH3), 1.22 [s, 18 H, C(CH3)3], 1.1921.10
(m, 18 H, NCH2CH3). 2 C122H89N3O17·1.88CH2Cl2 (2028.69):
calcd. C 73.34, H 4.61, N 2.07; found C 73.04, H 4.85, N 2.15.
2 MS [MALDI-TOF, 2-(4-hydroxyphenylazo)benzoic acid matrix]:
m/z: calcd. 1892.1 [M 1 Na]1; found 1890.6.
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