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The synthesis of the covalent fullerene derivatives 2, 3 and 4 with an increasing number (2, 4 and 6) of 4-cyano-4�-
oxybiphenyl mesogenic groups is described. The thermotropic behaviour of these compounds was investigated
and compared with the liquid crystalline properties of the non-fullerene containing precursors 6 and 9, and
the D2h-symmetric tetrakis(methano)fullerene 1 bearing eight long alkyl chains instead of mesogenic groups.
Tetrakis(methano)fullerene 1 without and methanofullerene 2 with two mesogenic groups only showed an
amorphous phase with glass transition temperatures Tg = 27 and 50 �C, respectively. Samples of hexakis(methano)-
fullerene 3 with four mesogenic groups obtained by slow crystallisation gave a nematic mesophase on the first
heating (Cr 85 N 157 I) that disappeared after isotropisation. No mesogenic behaviour could be recovered for 3
in successive thermal cycles. Unlike 3, the fullerene dendrimer 4 with six 4-cyano-4�-oxybiphenyl groups showed
mesogenic properties independent of the thermal history: low intensity first order phase transitions were recorded
in the DSC and confirmed by optical microscopy analysis. Owing to the lack of a characteristic texture, the
unambiguous identification of the mesophase was not possible. The effect of the introduction of mesogens onto C60

on the stability of the mesophases and on the preservation of liquid crystalline properties is discussed with respect to
the number of mesogenic moieties per fullerene sphere.

Introduction
The supramolecular chemistry of C60 and its covalent deriv-
atives 1 is receiving, at present, considerable attention due to the
peculiar physical and chemical properties of the fullerene
sphere, such as electronic absorption bands which extend
throughout the entire UV/VIS spectral region, strong electron
acceptor character, ability to sensitise the formation of singlet
oxygen, and conductivity upon doping with alkali metals.2

An important aspect for practical applications, such as use in
optoelectronic devices, is that the fullerene units may be well-
ordered in molecular assemblies and supramolecular arrays.3,4

Particularly attractive is the possibility of conjugating the ful-
lerene with a source of liquid crystalline organisation,5,6 which
could allow i) study of the influence of an orientation effect on
the physical properties of this unique chromophore, ii) corre-
lation of the mesomorphic properties of fullerene adducts with
their chemical and geometrical characteristics, such as degree
and pattern of addition and iii) development of novel materials
for use in liquid-crystal technology.

In the present paper, we report one of the first contributions 6

on the thermotropic behaviour of C60 derivatives. In our labor-
atories, highly symmetric methanofullerene adducts, bearing
long alkyl chains without (1) or with (2, 3 and 4) mesogenic
groups (Fig. 1), were synthesised, and their liquid crystallinity
investigated by means of differential scanning calorimetry
(DSC) and optical microscopy.

Results and discussion
Synthesis

The D2h-symmetric tetrakis(methano)fullerene 1 displaying

eight alkyl chains was prepared as described earlier.7 For the
synthesis of 2 and 3, malonate 6 was synthesised in 32% yield
by esterification of alcohol 5 8 with malonyl dichloride in the
presence of pyridine (Scheme 1). The corresponding 2-iodo-
malonate, prepared in situ from 6 and I2, was reacted in the
presence of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in a
Bingel-type reaction 9–11 with C60 or tetrakis(methano)fullerene
7 7 to yield 2 and 3, respectively. Attempts to transform 7 with
5 into the corresponding tetrakis-adduct bearing eight 4-
cyano-4�-oxybiphenyl units failed under the transesterification
conditions which yielded 1 (Cs2CO3, THF).

In the synthesis of fullerene dendrimer 4, the dendritic wedge
9 was obtained in 68% yield by reacting the tris(acyl halide),
prepared from triacid 8 10 with the mesogenic alcohol 5 (Scheme
2). Deprotection of the amine function at the focal point gave
dendron 10. Surprisingly, the coupling of this wedge with the
fullerene core 13 failed, presumably due to the steric hindrance
of the amine group of the dendron. The introduction of a
glycine spacer at the focal point of the dendritic wedge was
achieved under peptide coupling conditions using O-(benzo-
triazol-1-yl)-N,N,N�,N�-tetramethyluronium tetrafluoroborate
(TBTU) in the presence of NEt3. Deprotection of the resulting
11 with HBr in acetic acid gave the more reactive dendron 12 in
only 33% yield, owing to some decomposition of the product
under the reaction conditions. Finally, coupling of 12 with
fullerenedicarboxylic acid 13 10 using dicyclohexylcarbodiimide
(DCC) and 1-hydroxybenzotriazole (HOBt) afforded 4 in 68%
yield.

Thermotropic behaviour of the fullerene derivatives

Self-organised multilayer films of fullerenes were reported to
form from long-chain alkyl esters.12 We therefore investigated
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Fig. 1 Molecular structures of C60 adducts investigated. In 3, the sixth addend C(COOEt)2 on the backface of the carbon sphere in an equatorial
position of the pseudo-octahedral addition pattern has been omitted for clarity.

the liquid crystalline behaviour of the D2h-symmetric tetrakis-
(methano)fullerene 1. It was thought that 1 would possibly
arrange in stacks of fullerene spheres with radially organised
alkyl chains. However, 1 did not show any well-defined three-
dimensional organisation; even after annealing at different
temperatures, only an amorphous phase with a glass transition
temperature (Tg) of 27 �C was obtained. This result, together
with the absence in the literature of any evidence for fullerene-
based mesogenic self-organisation, suggested that for achieving
an orientation effect, C60 units should be coupled to well-known
mesogenic groups.

Fullerene–benzoate adducts were shown to only lead to non-
crystalline materials.13 On the other hand, fullerene derivatives
bearing cholesterol groups were reported to exhibit thermo-
tropic liquid-crystalline properties.6 In our work, the influence
of the 4-cyano-4�-oxybiphenyl mesogen on the thermotropic
properties of the novel fullerene derivatives was investigated.
The mesogenic precursor 6 showed a distinct monotropic
liquid-crystalline behaviour on cooling, exhibiting a nematic

phase (N) between an isotropic (I) and a crystalline one (Cr)
(I 80 N 58 Cr), while on heating no mesophase was recorded
(Cr 105 I).

The fullerene derivatives 2 and 3 exhibited markedly different
phase behaviours. The monoadduct 2 showed only a glass tran-
sition temperature at Tg = 50 �C, independent of the thermal
and solidification history. On the other hand, samples of 3
obtained by very slow crystallisation from a CH2Cl2–hexane
mixture gave a nematic mesophase on the first heating (Cr 85
N 157 I), that disappeared after isotropisation to leave a com-
pletely amorphous material with a Tg = 107 �C; no mesogenic
behaviour could be recovered. The first heating showed two
features suggesting that the starting material itself was not
completely crystalline: i) the ∆H value of the crystal–nematic
transition was too low (6.1 J g�1, 2.2 mJ mol�1) compared to
that of the nematic–isotropic one (9.5 J g�1, 3.4 mJ mol�1); ii)
a Tg at 110 �C was observed; above this temperature, the
amorphous material too could be organised into the nematic
phase.



J. Chem. Soc., Perkin Trans. 2, 2000, 193–198 195

A first tentative interpretation could link these observations
to the number of mesogenic groups per fullerene: dense packing
of the mesogens in 2 is likely to be hindered by the dimensions
of the C60 moieties. In 3, with a double density of mesogenic
groups and a higher degree of functionalisation on the sphere,
this effect is clearly weaker, and a slow crystallisation process
can give rise to ordered mesophases.

In order to test the influence of increased mesogen density,
the dendritic fullerene derivative 4 was studied. The precursor
9 showed a nematic phase between 48 and 63 �C (Fig. 2a),
recovered upon cooling below 58 �C, without giving rise to a
crystalline phase. In successive thermal cycles, the heating gave
a broad exothermic transition between 23 and 42 �C, that led
to a reproducible crystalline content (about 20%, assuming a
starting content of 100%). The other transitions remained
unchanged (Fig. 3).

The phase behaviour of 4 was more puzzling; the starting
material was obtained only as a mostly amorphous solid
(almost no birefringence), with a glass transition temperature at
Tg = 36 �C. On the other hand, repeated heating–cooling cycles
showed the development of first-order transitions: a broad one
at T = 33 �C, upon heating, and at T = 16 �C upon cooling
(∆H = 4.9 J g�1, 1.2 mJ mol�1) was easily recorded in the DSC
(Fig. 4).

Optical microscope analysis showed the existence of a second
transition (at T = 70 �C on heating and T = 45 �C on cooling)
and identified it as an isotropisation; DSC analysis did not
unambiguously confirm it, due to its extremely low intensity.
The phase present at intermediate temperatures showed

Scheme 1 Synthesis of methanofullerene 2 and hexakis(methano)-
fullerene 3. i, (ClOC)2CH2, pyridine, CH2Cl2, 0 �C, 3 h, 32%; ii, 6, I2,
DBU, PhMe, 5 h, 45%; iii, 6, I2, DBU, CH2Cl2, 2 h, 9%.

liquid-like rheology and birefringence; however, a precise iden-
tification was not possible, due to the lack of characteristic
textures; shear or pressure did not change the sample appear-
ance. A picture of the birefringent material before isotropis-
ation is shown in Fig. 2b. Unlike the other fullerene derivatives
functionalised with mesogenic groups reported herein, for 4 the
formation of mesophases was shown to be possible independ-
ent of the thermal history of the sample. However, the very low
intensities of the transitions indicated the mainly amorphous
character of this material.

Conclusions
The novel fullerene adducts 3 and 4 exhibit mesogenic prop-
erties. Comparison with precursors 6 and 9, respectively, or
similar compounds with (2) or without (1) mesogenic moieties
showed that the formation of liquid-crystalline phases could
only be achieved with well-known mesogens and an appropriate
balance of their number per fullerene unit. As a general indi-
cation, the C60 structure was shown neither to directly exhibit a
mesogenic order, nor to enhance the one coming from other-
wise active mesogens. Indeed, a certain tendency to increase
the amorphous character on linking the C60 spheres to liquid-
crystalline precursors was observed. It is probable that this is
a consequence of the poorer order within the mesophases.
Finally, the possibility of densely packing the mesogens was

Scheme 2 Synthesis of bis(methano)fullerene 4. i, 1) SOCl2, 50 �C, 2 h;
2) 5, CH2Cl2, 20 �C, 24 h, 68%; ii, HBr–HOAc, CH2Cl2, 20 �C, 4 h, 52%;
iii, Z-glycine (Z = benzyloxycarbonyl), TBTU, NEt3, THF, 0 to 20 �C,
15 h, 62%; iv, HBr–HOAc, CH2Cl2, 20 �C, 5 h, 33%; v, 12, DCC, HOBt,
THF, 0 to 20 �C, 30 h, 68%.
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shown to be more important than symmetry considerations of
the isolated molecules for the preservation of liquid-crystalline
order.

Experimental
General

Reagents and solvents were purchased reagent-grade and used
without further purification, except for THF which was distilled
in the presence of Na. Fullerene soot extract was purchased
from MER Corporation, Tucson, Arizona (AZ) 85706, USA.
All reactions were performed in standard glassware. Evapor-
ation and concentration in vacuo were done at water aspirator
pressure, and compounds were dried at 10�2 Torr. Column

Fig. 2 Cross-polarised microscopy (25×) pictures obtained from
samples of (a) dendritic wedge 9 at 55 �C and (b) fullerene dendrimer at
40 �C, after shear.

Fig. 3 DSC traces on heating and cooling of 9.

chromatography (CC): SiO2 60 (230–400 mesh, 0.040–0.063
mm) from E. Merck. TLC glass plates coated with SiO2 60 F254

from E. Merck; visualisation by UV light. UV/Vis spectra: Var-
ian Cary-5 spectrophotometer. Melting points: Büchi Melting
Point B-540, uncorrected. IR spectra: Perkin-Elmer 1600-
FTIR. NMR Spectra: Bruker AM 500 and Varian Gemini 300
or 200 spectrometers at 298 K, with solvent peaks as reference.
FABMS: VG ZAB 2SEQ instrument, 3-nitrobenzyl alcohol as
matrix; MALDI-TOFMS: measured with reflectron detection
in the positive or negative ion mode, acceleration voltage 15–20
kV, on a Bruker REFLEX spectrometer; matrices are 2,5-
dihydroxybenzoic acid (DBH, 0.1 M in MeCN–EtOH–H2O
50:45 :5), α-cyano-4-hydroxycinnamic acid (CCA, 0.1 M
in MeCN–EtOH–H2O 50 :45 :5) or anthracene-1,8,9-triol
(dithranol, 0.05 M in CHCl3–MeOH 1 :1). Elemental analyses
were performed by the Mikrolabor at the Laboratorium für
Organische Chemie, ETH-Zürich. The thermal character-
isation was accomplished using a Perkin-Elmer DSC 7 calori-
meter at 10 �C min�1 both on heating and cooling. A Zeiss
microscope with Neofluan (25×) lens, Mettler FP80 tem-
perature controller and FP82 hot stage was used for the
microscope analysis.

Bis[11-(4�-cyanobiphenyl-4-yloxy)undecyl] 1,2-methano[60]-
fullerene-61,61-dicarboxylate (2)

To a solution of C60 (216 mg, 0.300 mmol), I2 (93.5 mg, 0.368
mmol) and 6 (200 mg, 0.250 mmol) in PhMe (110 ml) at 20 �C
was added DBU (127 mg, 0.837 mmol). After 5 h, flash chrom-
atography (SiO2, PhMe–hexane 3 :1, then PhMe) yielded a
wine-red solution. Evaporation of the solvents and drying gave
2 (172 mg, 45%) as a dark-red solid: Tg = 50 �C (DSC) [Found:
C, 87.84; H, 3.98; N, 1.85; O, 6.33. Calc. for C111H60N2O6

(1517.72): C, 87.71; H, 4.01; N, 1.78; O, 6.20%]; νmax(KBr)/cm�1

2222 (CN), 1739 (C��O); λmax(CH2Cl2)/nm (ε) 259 (124400), 326
(sh, 46100), 393 (sh, 3300), 401 (sh, 1950), 412 (sh, 1200), 426
(1200), 491 (1300), 688 (200); δH (200 MHz, CDCl3) 1.21–1.62
(28 H, m), 1.63–1.98 (8 H, m), 4.00 (4 H, t, J 6.4), 4.50 (4 H, t,
J 6.4), 6.98 (4 H, dm, J 8.7), 7.52 (4 H, dm, J 8.7), 7.60–7.72
(8 H, m); δC (125.8 MHz, CDCl3) 25.92, 26.00, 28.54, 29.13,
29.18, 29.31, 29.43, 29.50, 52.50, 67.35, 68.10, 71.68, 110.01,
115.07, 118.93, 126.96, 128.23, 131.16, 132.44, 138.89, 140.82,
141.80, 142.07, 142.86, 142.89, 142.96, 143.75, 144.48, 144.54,
144.56, 144.74, 145.04, 145.07, 145.13, 145.16, 145.33, 159.75,
163.50; m/z (FABMS) 1517 (M�, 100), 720 (C60

�, 15%).

Octaethyl tetrakis[11-(4�-cyanobiphenyl-4-yloxy)undecyl]
1,2 :18,36 :22,23 :27,45 :31,32 :55,60-hexakis(methano)[60]-
fullerene-61,61,62,62,63,63,64,64,65,65,66,66-dodecacarboxyl-
ate (3)

To a solution of tetrakis-adduct 7 (10.0 mg, 7.39 µmol), I2 (12.2
mg, 0.048 mmol) and 6 (35.4 mg, 0.044 mmol) in CH2Cl2 (21

Fig. 4 DSC traces on heating and cooling of 4.
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ml) was added DBU (16.3 mg, 0.107 mmol). After stirring the
mixture for 2 h, it was diluted with CH2Cl2, washed with sat. aq.
NaCl solution (3×) and then dried (MgSO4). Flash chromato-
graphy (SiO2, CH2Cl2) followed by preparative TLC (SiO2,
CH2Cl2) afforded a bright yellow solution of the product. Con-
centration gave 3 (2 mg, 9%) as a yellow solid: [C 85 N 157 I]
(DSC); νmax(KBr)/cm�1 2222 (CN), 1750 (C��O); λmax(CH2Cl2)/
nm (ε) 282 (109000), 338 (sh, 32900), 381 (sh, 4700), 437 (sh,
630), 450 (sh, 310); δH (500 MHz, CDCl3) 1.21–1.40 (48 H, m),
1.31 (24 H, t, J 7.1), 1.41–1.52 (8 H, m), 1.63–1.73 (8 H, m),
1.76–1.83 (8 H, m), 3.99 (8 H, t, J 6.5), 4.24 (8 H, t, J 6.8), 4.32
(16 H, q, J 7.1), 6.98 (8 H, dm, J 8.7), 7.51 (8 H, dm, J 8.7), 7.63
(8 H, dm, J 8.6), 7.68 (8 H, dm, J 8.6); δC (125.8 MHz, CDCl3)
14.05, 25.83, 26.07, 28.45, 29.21, 29.26, 29.42, 29.51, 29.54,
29.56, 45.42, 45.54, 62.80, 66.99, 68.21, 69.12, 69.18, 110.13,
115.12, 119.05, 127.07, 128.31, 131.30, 132.56, 141.15, 141.17,
145.29, 145.80, 159.85, 163.77, 163.80, 163.92; m/z (FABMS)
(M�, 100), 2788 ([M � C(CO2Et)2]

�, 9), 2582 ([M � O(CH2)11-
OC6H4C6H4CN]�, 8), 2150 ([M � C(CO2(CH2)11OC6H4C6H4-
CN)2]

�, 5%).

Bis{[({[({tris[(2-{[11-(4�-cyanobiphenyl-4-yloxy)undecyloxy]-
carbonyl}ethoxy)methyl]methyl}amino)carbonyl]methyl}amino)-
carbonyl]methyl} endo,endo-(m-phenylenedimethyl) 1,2 :7,21-
bis(methano)[60]fullerene-61,61,62,62-tetracarboxylate (4)

To a stirred solution of 13 10 (12.70 mg, 0.0111 mmol), 12 (40
mg, 0.0278 mmol) and HOBt (6.1 mg, 0.0445 mmol) in THF
(10 ml) was added DCC (9.2 mg, 0.0445 mmol) at 0 �C. The
resulting mixture was allowed to warm to 20 �C over a period of
5 h. After a total of 30 h the solvent was removed in vacuo and
the resulting residue purified by column chromatography (SiO2,
hexane–EtOAc 3 :1) followed by gel permeation chromato-
graphy (Biobeads SX-1, PhMe) to give 4 (30 mg, 68%) as a red
glassy solid: νmax(neat)/cm�1 2224 (CN), 1733 (C��O), 1667
(C��O); λmax(CH2Cl2)/nm (ε) 267 (157400), 297 (187400), 375
(11600), 411 (sh, 3750), 437 (3350), 464 (2800); δH (500 MHz,
CDCl3) 1.27–1.37 (72 H, m), 1.42–1.50 (12 H, m), 1.58–1.63
(12 H, m), 1.77–1.82 (12 H, m), 2.53 (12 H, t, J 6.2), 3.67 (12 H,
t, J 6.2), 3.68 (12 H, s), 3.96 (4 H, d, J 5.0), 3.99 (12 H, t, J 6.6),
4.07 (12 H, t, J 6.8), 4.82 (2 H, d, JAB 14.9), 4.88 (2 H, d, JAB

14.9), 5.40 (2 H, d, JAB 13.1), 5.90 (2 H, d, JAB 13.1), 6.42 (2 H,
s), 6.96–7.00 (14 H, m), 7.33–7.35 (2 H, m), 7.39–7.43 (1 H, m),
7.50–7.53 (12 H, m), 7.57 (1 H, br s), 7.61–7.69 (24 H, m);
δC (125.8 MHz, CDCl3) 25.92, 26.04, 28.64, 29.23, 29.27, 29.38,
29.51 (2×), 29.54, 34.79, 42.53, 48.70, 60.11, 64.56, 64.79, 66.81,
66.89, 67.99, 68.18, 69.19, 70.39, 110.08, 115.11, 119.04, 124.49,
127.05, 127.17, 128.30, 128.72, 131.27, 132.54, 134.26, 136.00,
136.46, 136.70, 138.22, 140.13, 141.08, 141.34, 142.28, 142.58,
143.41, 143.64, 143.83, 144.08, 144.25, 144.31, 144.47, 144.71,
145.01, 145.26, 145.29, 145.32, 145.43, 145.57, 145.66, 145.73,
145.80, 146.14, 147.39, 147.54, 147.59, 148.43, 159.82, 161.73,
162.84, 165.84, 167.68, 171.69; m/z (MALDI-TOFMS) 3981
(M�, [13C3

12C249H236O36N10]
�; calc. 3981).

Bis(4�-cyanobiphenyl-4-yloxyundecyloxy) malonate (6)

Malonyl dichloride (193 mg, 1.369 mmol) was added to a solu-
tion of 5 8 (1.00 g, 2.736 mmol) and pyridine (216 mg, 2.730
mmol) in CH2Cl2 (20 ml) at 0 �C. After stirring at 20 �C for 3 h,
the mixture was diluted with CH2Cl2, washed with 0.1 M HCl
solution (2×), sat. aq. NaHCO3 solution (2×), sat. aq. NaCl
solution (2×), H2O, dried (MgSO4) and the solvent evaporated.
Column chromatography (SiO2, CH2Cl2) gave 6 (353 mg, 32%)
as a white solid: mp 105 �C (DSC) [Found: C, 76.38; H, 8.01;
N, 3.53; O, 12.27. Calc. for C51H62N2O6 (799.06): C, 76.66;
H, 7.82; N, 3.51; O, 12.01%]; νmax(neat)/cm�1 2222 (CN), 1749
(C��O); δH (200 MHz, CDCl3) 1.21–1.58 (28 H, m), 1.58–1.75
(4 H, m), 1.75–1.96 (4 H, m), 3.39 (2 H, s), 4.02 (4 H, t, J 6.4),
4.16 (4 H, t, J 6.9), 7.01 (4 H, dm, J 8.7), 7.55 (4 H, dm, J 8.7),

7.62–7.74 (8 H, m); δC (50.3 MHz, CDCl3) 25.67, 25.93, 28.34,
29.10, 29.26, 29.36, 41.61, 65.60, 68.13, 110.04, 115.12, 119.12,
127.09, 128.36, 131.31, 132.61, 145.34, 159.91, 166.80; m/z
(FABMS) 799 (M�, 100%).

Benzyl N-tris[(2-{[11-(4�-cyanobiphenyl-4-yloxy)undecyloxy]-
carbonyl}ethoxy)methyl]methylcarbamate (9)

A solution of 8 (1.00 g, 2.12 mmol) in SOCl2 (5 ml) was stirred
at 50 �C for 2 h. After evaporation to dryness, a solution of 5
(3.49 g, 9.55 mmol) in CH2Cl2 (80 ml) was added and the mix-
ture stirred at 20 �C for 24 h. Column chromatography (SiO2,
PhMe–EtOH 95 :5) yielded 9 (2.20 g, 68%) as a white solid: [C
48 N 63 I] (DSC) [Found: C, 73.94; H, 7.83; N, 3.69. Calc. for
C93H116N4O14 (1513.98): C, 73.78; H, 7.72; N, 3.70; O, 14.80%];
νmax(neat)/cm�1 2220 (CN), 1729 (C��O); δH (200 MHz, CDCl3)
1.27–1.52 (42 H, m), 1.57–1.69 (6 H, m), 1.76–1.89 (6 H, m),
2.55 (6 H, t, J 6.4), 3.68 (6 H, s), 3.70 (6 H, t, J 6.2), 4.02 (6 H, t,
J 6.2), 4.08 (6 H, t, J 6.6), 5.07 (2 H, s), 5.28 (1 H, s), 6.96–
7.05 (6 H, m), 7.32–7.40 (5 H, m), 7.50–7.58 (6 H, m),
7.63–7.73 (12 H, m); δC 23.42, 23.58, 26.15, 26.79, 26.92,
27.04, 32.53, 56.31, 62.24, 63.70, 64.43, 65.77, 67.04, 107.73,
112.78, 116.74, 124.74, 125.57, 125.98, 126.11, 128.96, 130.23,
134.46, 142.99, 152.80, 157.56, 169.28; m/z (FABMS) 1514
(M�, 35), 1470 ([M � CO2]

�, 100), 1406 ([M � PhCH2O]�,
50%).

Tris{[2-([11-(4�-cyanobiphenyl-4-yloxy)undecyloxy]carbonyl)-
ethoxy]methyl}methylamine (10)

To a solution of 9 (1.30 g, 0.859 mmol) in CH2Cl2 (20 ml) was
added HBr in acetic acid (30%, 3 ml). The resulting mixture was
stirred at 20 �C for 4 h, quenched with sat. aq. NaHCO3 (75 ml)
and extracted twice with CH2Cl2 (150 ml). The organic layers
were dried (MgSO4), filtered and evaporated to dryness. The
resulting residue was purified by column chromatography
(SiO2, CH2Cl2–MeOH–PhMe 20 :1 :1) to give 10 (0.62 g, 52%)
as a white solid: mp 71 �C [Found: C, 74.09; H, 8.12; N, 3.98.
Calc. for C85H110N4O12 (1379.84): C, 73.99; H, 8.04; N, 4.06; O,
13.91%]; νmax(neat)/cm�1 2228 (CN), 1732 (C��O); δH (200 MHz,
CDCl3) 1.27–1.53 (42 H, m), 1.57–1.71 (6 H, m), 1.76–1.89
(6 H, m), 2.57 (6 H, t, J 6.4), 3.34 (6 H, s), 3.71 (6 H, t, J 6.5),
4.02 (6 H, t, J 6.6), 4.09 (6 H, t, J 6.9), 6.97–7.04 (6 H, m), 7.51–
7.58 (6 H, m), 7.63–7.73 (12 H, m); δC (75.5 MHz, CDCl3)
25.95, 26.10, 28.69, 29.29, 29.32, 29.45, 29.58, 35.14, 56.13,
64.80, 67.02, 68.31, 72.92, 110.27, 115.32, 119.32, 127.31,
128.55, 131.51, 132.80, 145.56, 160.11, 171.98; m/z (FABMS)
1381 (MH�, 100%).

Benzyl N-{[(tris[(2-[(11-[4�-cyanobiphenyl-4-yloxy]undecyloxy)-
carbonyl]ethoxy)methyl]methyl)amino]carbonyl}methylcarb-
amate (11)

To a solution of 10 (0.50 g, 0.362 mmol) and Z-glycine (Z =
benzyloxycarbonyl; 84 mg, 0.399 mmol) in THF (10 ml) were
added TBTU (128 mg, 0.399 mmol) and NEt3 (44 mg, 0.435
mmol). The resulting suspension was stirred at 0 �C for 1 h and
then allowed to warm to 20 �C over a period of 5 h. After a
total of 15 h the solvent was removed in vacuo and the resulting
residue purified by multiple column chromatography (SiO2,
CH2Cl2–MeOH 99 :1; then SiO2, PhMe–EtOAc 5 :1) to give 11
(0.35 g, 62%) as a white solid: mp 59 �C [Found: C, 71.43;
H, 7.94; N, 4.21. Calc. for C95H119N5O15�2EtOH (1663.17): C,
71.50; H, 7.94; N, 4.21; O, 16.35%]; νmax(neat)/cm�1 2226 (CN),
1725 (C��O), 1675 (C��O) cm�1; δH (300 MHz, CDCl3) 1.26–
1.40 (36 H, m), 1.42–1.51 (6 H, m), 1.56–1.65 (6 H, m),
1.75–1.85 (6 H, m), 2.52 (6 H, t, J 6.3), 3.67 (6 H, t, J 6.0),
3.69 (6 H, s), 3.86 (2 H, d, J 5.0), 4.00 (6 H, t, J 6.6), 4.07
(6 H, t, J 6.6), 5.12 (2 H, s), 5.57 (1 H, br t), 6.38 (1 H, s),
6.96–7.01 (6 H, m), 7.30–7.36 (5 H, m), 7.50–7.55 (6 H, m),
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7.62–7.70 (12 H, m); δC (75.5 MHz, CDCl3) 25.95, 26.08, 28.67,
29.30, 29.43, 29.56, 29.59, 34.95, 44.75, 60.02, 64.83, 66.96,
68.03, 68.26, 69.25, 110.19, 115.30, 119.27, 127.23, 128.17,
128.25, 128.51, 128.70, 131.37, 132.76, 136.82, 145.46, 156.72,
160.12, 169.18, 172.06; m/z (FABMS) 1571 (M�, 55), 1133
(100%).

2-Amino-N-tris{[2-([11-(4�-cyanobiphenyl-4-yloxy)undecyloxy]-
carbonyl)ethoxy]methyl}methylacetamide (12)

To a solution of 11 (0.30 g, 0.191 mmol) in CH2Cl2 (5 ml) was
added HBr in acetic acid (30%, 1 ml). The resulting mixture
was stirred at 20 �C for 5 h, quenched with sat. aq. NaHCO3

(75 ml) and extracted twice with CH2Cl2 (150 ml). The organic
layers were dried (MgSO4), filtered and evaporated to dryness.
The resulting residue was purified by column chromatography
(SiO2, CH2Cl2–MeOH–PhMe 91 :4 : 5). Although the product
seemed to decompose partially on the column, pure 12 (0.09 g,
33%) could be isolated as a white solid: mp 70 �C; νmax(neat)/
cm�1 2221 (CN), 1733 (C��O), 1668 (C��O); δH (200 MHz,
CDCl3) 1.27–1.52 (42 H, m), 1.56–1.70 (6 H, m), 1.75–1.88
(6 H, m), 2.55 (6 H, t, J 6.2), 3.27 (2 H, s), 3.71 (6 H, t, J 6.2),
3.74 (6 H, s), 4.01 (6 H, t, J 6.6), 4.08 (6 H, t, J 6.9), 6.97–7.02
(6 H, m), 7.51–7.55 (6 H, m), 7.61–7.72 (12 H, m); δC (75.5
MHz, CDCl3) 25.49, 25.61, 28.22, 28.85, 28.98, 29.11, 34.60,
45.07, 58.98, 64.25, 66.41, 67.74, 68.76, 109.64, 114.69, 118.69,
126.66, 127.93, 130.85, 132.15, 144.88, 159.42, 171.23, 172.43;
m/z (FABMS) 1437 (MH�, 100%).
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