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Abstract: This paper describes the efficient synthesis of a [2]catenane with 87-
membered rings and with functionalities that should enable the preparation of a
poly[2]catenane. For the ring formation, the oxidative dimerization of acetylenes was
used. The entwinement of the rings was achieved with the help of diphenylcarbonate
as a covalent template. The structure of [2]catenane 6 was unambiguously proven by
NMR spectroscopy, mass spectrometry, and a comparison of the size exclusion
chromatograms of starting materials, synthetic intermediates, and products.
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Introduction

Catenanes[1] consist of chemically independent cyclic mole-
cules, which penetrate each other and, therefore, are mechan-
ically (topologically) linked. Being connected in this way, the
rings should be allowed to rotate and translate to some extent
independently of one another.[2] Our interest lies in gaining a
deeper understanding of how this mobility in the catenane
moiety will affect the material properties if, for example,
[2]catenanes are units of a polymer chain.[3] To address this
question, as a first step we developed a synthesis of a suitable
[2]catenane. [2]Catenanes with huge rings and without
interaction, which hinders the rotation of the rings, appear
most suitable. The [2]catenane has to carry functionalities in
order to be a building block for polymers. Furthermore, it is
important that the [2]catenane is readily available. Here we
report the efficient synthesis of a [2]catenane consisting of 87-
membered rings with functional groups.[4]

Results and Discussion

The central challenge of catenane synthesis is the mechanical
linkage of cyclic molecules. Numerous experiments have
shown that suitable organization of the building blocks prior
to ring formation increases the yield of mechanically linked
rings at the expense of rings that are not entwined.[1, 5±10]

Diphenylcarbonates with substituents like phenyl in the 2,6-
and 2',6'-positions adopt a conformation, in which the
substituents point towards the corners of a distorted tetrahe-

dron.[11] The carbonate group sits inside the distorted tetrahe-
dron, and the planes of the two angular halves of the
carbonate cross each other (Scheme 1). Such an arrangement
appears ideal for the directed synthesis of catenanes by using a
carbonate group as a covalent template as indicated by the
work of Sauvage and Dietrich ± Buchecker, who achieved a
similar preorganization by Cu�-phenanthroline complex for-
mation.[1b, 6]

We chose the cyclic compound 1 a and the cycle precursor
2 a as our starting materials (Scheme 1).[12] They consist of an
ethyl 4-hydroxybenzoate, which carries tolane units in the 3-
and 5-positions. Long flexible chains are attached to the
tolane units through ether bonds. The acetylene units at the
chain ends of 2 a are to be used for ring formation by means of
oxidative acetylene dimerization. The ester group should
allow the formation of polymers, with the [2]catenane as a
monomer.

Cyclic compound 1 a was transformed into the chlorofor-
mate 1 b by reaction with triphosgene in the presence of
triethylamine.[13] Approximately 4 % of the symmetric carbo-
nate 5 was produced as a side product. For the preparation of
the asymmetric carbonate 3 a, the cycle precursor 2 a was
deprotonated with sodium hydride. The reaction of sodium
salt 2 b with crude chloroformate 1 b gave 3 a in a nearly
quantitative reaction (94%). The conversion can be convenient-
ly determined by 1H NMR spectroscopy, since the proton signals
of the 4-hydroxybenzoate unit are shifted by d� 0.12 upfield
upon transformation of phenols 1 a and 2 a into carbonate 3 a.

The asymmetric carbonate 3 a was isolated by column
chromatography. According to thin-layer chromatography
(TLC), the isolated fraction contained only one component.
However, the 1H NMR spectrum showed two sets of signals
with a 1:1 ratio of intensity and a shift difference of
approximately 0.01 ppm for some chemically comparable
protons, for example, protons of the 4-hydroxybenzoate units,
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of the ArOCH2 units, and of the ester groups. Also, for some
chemically comparable carbon atoms, two signals show up in
the 13C NMR spectrum. The splitting as well as the ratio of
intensity of the 1H NMR signals do not change on varying the

temperature [1238C ([D2]1,1,2,2-
tetrachloroethane), ÿ20 8C
([D8]THF)]. Therefore, we ex-
clude conformational isomer-
ism, as further discussed below
(compare with Scheme 2), as the
reason for the appearance of the
NMR spectra of 3 a. Rather we
conclude that the cyclic and the
open chain part of the carbonate
have a slightly different influ-
ence on the 1H and 13C NMR
resonances.

Carbonate 3 a was desilylated
to give product 3 b. As in the
case of carbonate 3 a, 1H and
13C NMR spectra of 3 b show
two sets of signals for some
chemically comparable protons
or carbon atoms. The ratio of
intensity of these two signal sets
is 1:1 (1H NMR in CDCl3 or
[D5]pyridine). Compound 3 b
was cyclized by oxidative acety-
lene dimerization under pseudo
high dilution conditions.[14] The
size exclusion chromatogram
(SEC) of the crude cyclization
product shows that almost
exclusively compounds were
formed which have a smaller
hydrodynamic volume than the
starting material 3 b (Figure 1).
No signal of an alkyne proton
was found in the 1H NMR spec-
trum of the crude product. This
is proof of a high degree of
conversion. Two sets of signals
in the aromatic region of the
1H NMR spectrum (at room
temperature and at 127 8C;
[D2]1,1,2,2-tetrachloroethane)
indicate the presence of two
compounds. Integration of the
proton signals of the 4-hydroxy-
benzoate moiety gives a ratio of
2.8:1 of the two compounds in
the crude material. Column
chromatography gave again a
mixture of the two compounds
with a slightly different ratio of
2.6:1. Treatment of this product
mixture with nBu4NF resulted in
carbonate cleavage,[15] and two
products were formed. One of

these is, according to TLC and NMR spectroscopy, identical
with the cyclic compound 1 a. From this we concluded that on
cyclization of 3 b, the dumbbell-shaped carbonate 5 was
formed in addition to the intended precatenane 4. This

Scheme 1. Synthesis of [2]catenane 6.
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Figure 1. Size exclusion chromatograms (THF, room temperature, RI
detection) of compounds 1a (- ´ ´ - ´ ´ - ´ ´ -) and 3b ( ´ ± ´ ± ´ ), of the crude
product of cyclization of compound 3b [(±± ±); the ratio of 4 :5 is
approximately 2.8:1], and of the compounds 5 ( ´ ´ ´ ) and 6 (ÐÐ).

hypothesis was confirmed by preparation of 5 starting from 1 a
and triphosgene and by comparison of the 1H NMR spectra of
compound 5 with the crude product from the cyclization of
3 b. Furthermore, the relative intensities of the proton signals
of the 4-hydroxybenzoate unit of 4 and 5 (2.6:1) in the mixture
used for carbonate cleavage and of 6 and 1 a (2.8:1) in the
crude product from the carbonate cleavage step are in
accordance with the formation of cylic compound 1 a from 5
by means of carbonate cleavage. Compound 5 and the mixture
of 4 and 5 have rather similar retention times on columns for
SEC (Figure 1). Therefore it is conceivable that the SEC trace

of the mixture of 4 and 5 in a ratio of 2.8:1 shows a
monomodal distribution. The formation of 4 and 5 from 3 b
can only be explained if compound 3 b is a mixture of
conformers with entwined and non-entwined components
(see Scheme 2). However, we were not able to detect the
mixture or equilibrium of conformers by NMR spectroscopy.
The splitting of signals into two signals of equal intensity in
the case of compounds 3 a and 3 b as described above does not
match with the ratio of 2.8:1 for 4 and 5 and clearly has
another cause.

Figure 3. Field desorption mass spectra of cyclic compound 1 a (bottom)
and catenane 6 (top). The sample of 6 contained traces of carbonates 4
and 5.

A crucial point of this work was the structure elucidation of
the main product, the [2]catenane 6, which was formed upon
carbonate cleavage. The 1H NMR spectrum is identical with

that of cyclic compound 1 a
except for a signal shift up to
0.03 ppm (Figure 2). The
13C NMR signals of 1 a and 6
have identical shifts. However,
SEC (Figure 1) and TLC (1 a :
Rf� 0.76; 6 : Rf� 0.52; in petro-
leum ether/dichloromethane
1:2) give clear evidence that 1 a
and 6 are different compounds.
The high similarity of the NMR
spectra of 1 a and 6 proves the
structural integrity of the cate-
nane. The field desorption mass
spectrum of catenane 6 shows
signals at m/z 2884.5, 1441.6,
960.7, and 720.5 (Figure 3).
These data correspond well
with the calculated data for a
catenane with charges from one
to four [M(6)�: m/z 2884.2,
M(6)2� : m/z 1442.1, M(6)3� :
m/z 961.5, M(6)4� : m/z 721.1].

Figure 2. 1H NMR spectra (CDCl3, 300 MHz, room temperature) of cyclic compound 1a (top) and catenane 6
(bottom). * CH2Cl2, ^ H2O, #CHCl3.
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The signal of high intensity with m/z 960.7 is of particular
interest. Such a signal is missing in the mass spectrum of 1 a.
The only reasonable explanation is that it is a signal of a
threefold charged catenane. This fact supports the assignment
of the signal at m/z 2884.5 to M(6)�. Also the signals at m/z
1441.6 and 720.5 could result from fragmentation of 6 into 1 a
or corresponding open-chain compounds. However, high-
resolution field desorption mass spectrometry shows half
integral distances of the isotope signals for the signal of M2�.
The MALDI-TOF spectra of 1 a or 6 show signals at m/z
1441.8 and 2884.4, respectively.[16]

Mass spectra and NMR spectra of 6 are also consistent with
the structure of isomeric monocyclic dimer 8. The only way
that 8 could have formed is via compound 7 (Scheme 2),
which is a dimerization product of 3 b in the conformation
with cyclic and acyclic components being not entwined.
However, a high-yielding cyclization including a dimeriza-
tion is of low probability. Furthermore, the reduced hy-
drodynamic volume of the product, formed upon acetylene
dimerization, when compared to the hydrodynamic volume-
of the starting material 3 b unambiguously contradicts-
the formation of 7. The formation of 7 is a dimerization,
and it should result in an increase of the hydrodynamic
volume. On the other hand, cleavage of the carbonate

Scheme 2. Route by which the monocyclic dimer 8 could have
formed.

linkages of 7 should result in a volume reduction. Just the
contrary is found; the hydrodynamic volume increases upon
carbonate cleavage (Figure 1). Therefore, only the structure
of [2]catenane 6 is consistent with all the accumulated
data.

As mentioned in the introduction, our goal was to
synthesize a functionalized [2]catenane with huge, noninter-
acting rings. The [2]catenane 6 carries four functionalities:
two OH and two ester groups. After alkylation of the OH
groups, the ester groups should be usable for polycondensa-
tion with, for example, diols. The [2]catenane 6 consists of two
rings with 87 ring members. The rapid and quantitative
formation of 5 from 1 a and triphosgene indicates a high
flexibility of the cycle. The first hint that the rings do not
interact is given by the NMR spectra; the shift and half width
of the signals of 6 is nearly identical to that of the
corresponding signals of cycle 1 a.

Using the described route, we were able to prepare 800 mg
of [2]catenane 6 in one batch. The synthesis has a lot of steps,
but these steps are very efficient, with yields of 70 ± 90 % of
purified material. The same is true for the synthesis of the
starting material 1 a.[12] The purification of the products is
simple, and we do not envisage any trouble when running the
synthesis on a larger scale.

Experimental Section

General methods : All reactions were carried out under
an inert atmosphere in dried Schlenk flasks. THF was
dried over sodium/benzophenone, and triethylamine was
dried over CaH2. For flash chromatography, Merck silica
gel (mesh 230 ± 400) was used. If not stated otherwise, a
mixture of petroleum ether (30 ± 40 8C) and dichloro-
methane (1:1 v/v) was used as eluting solvent. Size
exclusion chromatograms were obtained using an instru-
ment from Waters (SDV gel, 10 m particle, pore sizes:
500, 105, and 106 �) with THF (flow rate 10 mL minÿ1) at
23 8C and RI detection. The melting points were deter-
mined using a melting table microscope (Reicher Ther-
movar). The NMR spectra were recorded on a Bruker
instrument (AMX 300) at room temperature with CDCl3.

The signal assignment is based on increments taken from the literature[17]

and the comparison of the spectra of 3 ± 6 with those of the starting
materials 1 and 2 and their synthetic precursors. The assignment of the
13C NMR signals is in accordance with Dept-135 measurements. The only
exception is the signal of C�CH of compound 3 b. This signal does not
appear in the DEPT spectrum, as we have observed in a variety of
compounds of type ArC�CH and AlkC�CH. The description of the H and
C atoms follows that given in Figure 4. The letters a,b,g,d or a',b',g',d'
describe the atoms of the benzene rings of the acyclic and the cyclic part of
the molecule, respectively.

Carbonate 3 a : At room temperature, Et3N (0.07 mL, 0.5 mmol) and,
20 min later, triphosgene (148 mg, 0.499 mmol) were added to a solution of
cyclic compound 1 a (600 mg, 0.416 mmol) in THF (20 mL). After 4 h at
room temperature, the reaction mixture was diluted with CH2Cl2 (30 mL)
and washed twice with HCl (2n). The combined organic phases were dried
(MgSO4), and the solvent was removed under vacuum. The off-white solid
(1b containing about 4% of 5) was used without further purification.

Sodium hydride (60 % suspension in mineral oil, 19 mg, 0.47 mmol) was
suspended in THF. After precipitation of NaH, the supernatant clear
solution was removed by using a pipette, and the residue was suspended in
THF (20 mL). Compound 2 a (660 mg, 0.415 mmol) was added to this
suspension at room temperature. Fifteen minutes later, a solution of the
chloroformate 1 b (obtained in the experiment described above) in THF
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Figure 4. Lettering of the atoms for the assignment of the NMR data: The
letters a,b,g,d or a',b',g',d' describe the atoms of the benzene rings of the
acyclic and the cyclic part of the molecule, respectively.

(13 mL) was added. After 30 h, HCl (20 mL, 2n) and CH2Cl2 (30 mL) were
added to the reaction mixture. The aqueous phase was extracted with
CH2Cl2, and the combined organic phases were dried (MgSO4), and the
solvent was removed under acuum. Column chromatography gave 3a
(1.05 g, 83%) as a beige colored wax. Another experiment starting from 1a
(230 mg) yielded 3 a (400 mg, 82%).

M.p. 56.8 8C; 1H NMR: d� 7.87, 7.86 (s, 4H, Ha-2, -6, Ha'-2, -6), 7.58, 7.57
(half of an AA'XX', 8 H, Hg-2, -6, Hg'-2, -6), 7.40 ± 7.27 (m, 32H, CHb, CHb' ,
CHd , CHd'), 6.89 (half of an AA'XX', 8H, Hg-3, -5, Hg'-3, -5), 4.32 (q, J�
7 Hz, 4H, CO2CH2), 4.00, 3.98 (t, J� 6 Hz, 8 H, ArOCH2), 2.38, 2.37 (2 t,
J� 7 Hz, 8H, CH2C�C), 1.80 (m, 8 H, OCH2CH2), 1.63 ± 1.18 (m, 160 H,
(CH2)20), 1.32, 1.31 (2 t, J� 7 Hz, 3H each, CH3), 0.23 (s, 18H, SiCH3);
13C NMR: d� 165.3 (CO2), 159.34, 159.31 (Cg-4, Cg'-4), 147.6 (CO3), 147.19,
147.16 (Ca-4, Ca'-4), 135.60, 135.56, 135.4 (Ca-3, -5, Ca'-3, -5, Cb-1, Cb'-1),
133.2 (Cg-2, -6, Cg'-2, -6), 131.67 (Cb-3, -5, Cb'-3, -5), 132.2, 131.71, 131.5,
131.3 (Ca-2, -6, Ca'-2, -6, Cd-2, -6, Cd'-2, -6, Cd-3, -5, Cd'-3, -5), 129.2 (Ca-1, Ca'-
1), 128.6 (Cb-2, -6, Cb'-2, -6), 125.2 (Cd'-1 or Cd'-4), 124.3 (Cd-1 or Cd-4), 123.3
(Cb-4, Cb'-4), 122.1 (Cd-4 or Cd-1), 120.6 (Cd'-4 or Cd'-1), 115.3 (Cg-1, Cg'-1),
114.72, 114.65 (Cg-3, -5, Cg'-3, -5), 104.8 (C�CSi), 95.6 (C�CSi), 93.6
(CH2C�CArd'), 92.6 (CH2C�CArd), 90.79, 90.76 (ArbC�CArg ,
Arb'C�CArg'), 88.29, 88.26 (ArbC�CArg , Arb'C�CArg'), 82.0 (C�CÿC�C),
80.3 (CH2C�CArd), 80.2 (CH2C�CArd'), 75.2 (C�CÿC�C), 68.2,
68.1 (ArOCH2), 61.2 (CO2CH2), 29.7 ± 28.7 (15 signals, (CH2)20),
26.1, 25.9 (CH2CH2C�C), 19.52, 19.48 (CH2C�C), 14.3 (CH3), ÿ0.1
(SiCH3); C213H254O11Si2 (3046.54): calcd C 83.98, H 8.40; found C 83.71,
H 8.52.

Carbonate 3 b : A solution (1.32 mL) of KOH (285 mg, 5.1 mmol) in ethanol
(51 mL) was added to a solution of 3a (2.60 g, 0.853 mmol) in THF
(30 mL). After 1.5 h at room temperature, the reaction was quenched with
HCl (30 mL, 2n). The aqueous phase was separated and extracted with
CH2Cl2. The combined organic phases were dried (MgSO4), and the solvent
was removed in vacuo. Column chromatography gave 3 b (1.9 g, 77%) as a
light yellow solid. Another experiment starting from 3 a (330 mg) yielded
3b (254 mg, 81%).

M.p. 89.9 8C; 1H NMR: d� 7.86, 7.85 (s, 4 H, Ha-2, -6, Ha'-2, -6), 7.57, 7.56
(half of an AA'XX' system, 8H, Hg-2, -6, Hg'-2, -6), 7.40 ± 7.26 (m, 32H,
CHb, CHb' , CHd , CHd'), 6.88 (half of an AA'XX' system, 8H, Hg-3, -5, Hg'-3,
-5), 4.31, 4.30 (2q, J� 7 Hz, 4 H, CO2CH2), 4.00, 3.97 (2 t, J� 6 Hz, 8H,
ArOCH2), 3.11 (s, 2 H, C�CH), 2.38, 2.37 (2 t, J� 7 Hz, 8 H, CH2C�C), 1.80
(m, 8H, OCH2CH2), 1.31, 1.30 (2 t, J� 7 Hz, 6H, CH3), 1.63 ± 1.17 (m,
160 H, (CH2)20); 13C NMR: d� 165.3 (CO2), 159.4, 159.3 (Cg-4, Cg'-4), 147.6
(CO3), 147.21, 147.18 (Ca-4, Ca'-4), 135.62, 135.59, 135.4 (Ca-3, -5, Ca'-3, -5,
Cb-1, Cb'-1), 133.2 (Cg-2, -6, Cg'-2, -6), 131.7 (Cb-3, -5, Cb'-3, -5), 132.2, 131.9,
131.5, 131.4 (Ca-2, -6, Ca'-2, -6, Cd-2, -6, Cd'-2, -6, Cd'-3, -5, Cd-3, -5), 129.2
(Ca-1, Ca'-1), 128.6 (Cb-2, -6, Cb'-2, -6), 125.2 (Cd'-1), 124.8 (Cd-1), 123.3 (Cb-
4, Cb'-4), 121.1 (Cd-4), 120.6 (Cd'-4), 115.3 (Cg-1, Cg'-1), 114.74, 114.67 (Cg-3,
-5, Cg'-3, -5), 93.6 (CH2C�CArd'), 92.8 (CH2C�CArd), 90.80, 90.77
(ArbC�CArg , Arb'C�CArg'), 88.31, 88.28 (ArbC�CArg, Arb'C�CArg'), 83.4
(C�CH), 82.0 (C�CÿC�C), 80.23 (CH2C�CArd'), 80.18 (CH2C�CArd), 78.3
(C�CH), 75.2 (C�CÿC�C), 68.2, 68.1 (ArOCH2), 61.3 (CO2CH2), 29.7 ±
28.7 (13 signals,(CH2)20), 26.1, 25.9 (CH2CH2C�C), 19.53, 19.48 (CH2C�C),

14.3 (CH3); C207H248O11 (2912.25): calcd C 85.37, H 8.58; found C 85.31, H
8.58.

Cyclization of 3b : Compound 3 b (1.50 g, 0.52 mmol) dissolved in pyridine
(150 mL) was added to a suspension of CuCl (6.86 g, 69.2 mmol) and CuCl2

(1.12 g, 8.30 mmol) in pyridine (1 L) at room temperature over a period of
120 h with the help of a syringe pump. After a further 24 h of reaction time,
pyridine was distilled off (50 8C/10 mbar). The residue was dissolved in
CH2Cl2 and HCl (2n). The organic phase was separated and washed with
HCl (2n). The combined aqueous phases were extracted with CH2Cl2. The
combined organic phases were dried (MgSO4), and the solvent was
removed in vacuo. Column chromatography gave a mixture of 4 and 5
(1.35 g, 90 %; 4 :5� 2.6:1) as a brownish solid.

1H NMR: d� 7.86 (br s, 4H of 4, Ha'-2, -6 of 4), 7.84 (s, 4 H of 5, Ha'-2, -6 of
5), 7.56, 7.55 (two halves of two AA'XX' systems, 8 H, Hg'-2, -6), 7.40 ± 7.25
(m, 32 H, CHb' , CHd'), 6.89 (half of an AA'XX' system, 8 H of 4, Hg'-3, -5 of
4), 6.87 (half of an AA'XX' system, 8H of 5, Hg'-3, -5 of 5), 4.3 (q, J� 7 Hz,
4H, CO2CH2), 3.99 (t, J� 6 Hz, 8H, ArOCH2), 2.37 (t, J� 7 Hz, 8H of 4,
CH2C�C of 4), 2.35 (t, J� 7 Hz, 8H of 5, CH2C�C of 5), 1.79 (m, 8H,
OCH2CH2), 1.30 (t, J� 7 Hz, 6 H, CH3), 1.60 ± 1.17 (m, 160 H, (CH2)20);
13C NMR: d� 165.3 (CO2), 159.4 (Cg'-4), 147.7 (CO3), 147.2 (Ca'-4), 135.6,
135.4 (br) (Ca'-3, -5, Cb'-1), 133.2 (Cg'-2, -6), 132.2 (Ca'-2, -6, Cd'-2, -6), 131.7
(Cb'-3, -5), 131.5 (Cd'-3, -5), 129.2 (Ca'-1), 128.6 (br, Cb'-2, -6), 125.2 (Cd'-1),
123.3 (Cb'-4), 120.6 (Cd'-4), 115.3 (Cg'-1), 114.7 (Cg'-3, -5), 93.6 (CH2C�C),
90.8 (Arb'C�CArg'), 88.3 (Arb'C�CArg'), 82.0 (C�CÿC�C), 80.2
(CH2ÿC�C), 75.2 (C�CÿC�C), 68.1 (ArOCH2), 61.3 (CO2CH2), 29.6 ±
28.7 (12 signals, (CH2)20), 25.9, 25.8 (CH2CH2C�C), 19.5 (CH2C�C), 14.3
(CH3).

Catenane 6 : A solution of nBu4NF (2.25 mL, 1m) in THF was added to the
mixture of 4 and 5 (1.30 g, 0.447 mmol; 4 :5� 2.6:1) dissolved in THF
(30 mL). After 24 h, the reaction mixture was diluted with CH2Cl2 and
washed with water. The combined aqueous phases were extracted with
CH2Cl2. The combined organic phases were dried (MgSO4), and the solvent
was removed in vacuo. Because of incomplete carbonate cleavage
(approximately 65 % conversion), the product was treated once again, in
exactly the same way as described above, resulting in complete cleavage.
Column chromatography with petroleum ether ± CH2Cl2 3:2!1:1 gave 6
(800 mg, 63%) as an off-white solid and cycle 1a (290 mg, 23 %). M.p.
79.5 8C; 1H NMR: d� 7.97 (s, 4H, Ha'-2, -6), 7.58, 7.50 (AA'XX', 8H each,
CHb'), 7.46 (half of an AA'XX' system , 8H, Hg'-2, -6), 7.38, 7.29 (AA'XX',
8H each, CHd'), 6.84 (half of an AA'XX' system, 8H, Hg'-3, -5), 5.74 (s, 2H,
OH), 4.35 (q, J� 7 Hz, 4H, CO2CH2), 3.94 (t, J� 7 Hz, 8 H, ArOCH2), 2.37
(t, J� 7 Hz, 8 H, CH2C�C), 1.75 (m, 8H, OCH2CH2), 1.56 (m, 8H,
CH2CH2C�C), 1.36 (t, J� 7 Hz, 6H, CH3), 1.29 (m, 152 H, (CH2)19);
13C NMR: d� 166.1 (CO2), 159.4 (Cg'-4), 153.3 (Ca'-4), 135.9 (Cb'-1), 133.1
(Cg'-2, -6), 132.2 (Cd'-2, -6 or Cd'-3, -5), 132.0 (Cb'-3, -5), 131.5 (Cd'-3, -5 or Cd'-
2, -6), 131.4 (Ca'-2, -6), 129.3 (Cb'-2, -6), 128.3 (Ca'-3, -5), 125.2 (Cd'-1 or Cd'-
4), 123.6, 123.3 (Ca'-1, Cb'-4), 120.6 (Cd'-4 or Cd'-1), 115.0 (Cg'-1), 114.6 (Cg'-3,
-5), 93.6 (CH2C�C), 90.6 (Arb'C�CArg'), 87.7 (Arb'C�CArg'), 82.0
(C�CÿC�C), 80.3 (CH2C�C), 75.2 (C�CÿC�C), 68.1 (ArOCH2), 60.9
(CO2CH2), 29.7 ± 28.67 (nine signals, (CH2)20), 25.9 (CH2CH2C�C), 19.6
(CH2C�C), 14.4 (CH3); C206H248O10 (2884.24): calcd C 85.79, H 8.67; found
C 85.66, H 8.75.

Intended formation of 5 : Sodium hydride (60 % suspension in mineral oil;
3 mg, 0.08 mmol) was suspended in THF (2 mL). After precipitation of
NaH, the supernatant clear solution was removed using a pipette, and the
residue was again suspended in THF (5 mL). Compound 1a (100 mg,
0.069 mmol) and, 10 min later, triphosgene (3.4 mg, 0.012 mmol) were
added to this suspension. After 24 h of reaction at room temperature, the
reaction mixture was worked up as described for 3a. The conversion was
determined by 1H NMR spectroscopy to be 97%. Column chromatography
gave 5 (85 mg, 84%) as a brownish solid.
1H NMR: d� 7.84 (s, 4H, Ha'-2, -6), 7.56 (half of an AA'XX' system, 8H,
Hg'-2, -6), 7.40 ± 7.25 (m, 32H, CHb' , CHd'), 6.88 (half of an AA'XX' system,
8H, Hg'-3, -5), 4.31 (q, J� 7 Hz, 4 H, CO2CH2), 3.99 (t, J� 6 Hz, 8H,
ArOCH2), 2.35 (t, J� 7 Hz, 8 H, CH2C�C), 1.79 (m, 8 H, OCH2CH2), 1.31
(t, J� 7 Hz, 6 H, CH3), 1.60 ± 1.17 (m, 160 H, (CH2)20); 13C NMR: d� 165.3
(CO2), 159.3 (Cg'-4), 147.7 (CO3), 147.2 (Ca'-4), 135.6, 135.4 (Ca'-3, -5, Cb'-1),
133.2 (Cg'-2, -6), 131.7 (Cb'-3, -5), 132.2, 131.5 (Ca'-2, -6, Cd'-3, -5, Cd'-2, -6),
129.2 (Ca'-1), 128.6 (Cb'-2, -6), 125.2 (Cd'-1 or Cd'-4), 123.3 (Cb'-4), 120.6 (Cd'-
4 or Cd'-1), 115.4 (Cg'-1), 114.7 (Cg'-3, -5), 93.6 (CH2C�C), 90.8
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(Arb'C�CArg'), 88.3 (Arb'C�CArg'), 82.0 (C�CÿC�C), 80.2 (CH2C�C), 75.2
(C�CÿC�C), 68.0 (ArOCH2), 61.2 (CO2CH2), 29.6 ± 28.7 (12 signals,
(CH2)20), 25.8 (CH2CH2C�C), 19.6 (CH2C�C), 14.3 (CH3); C207H246O11

(2910.23): no correct elemental analysis was obtained; MALDI-TOF MS
(dithranol as matrix): m/z : 2911.3 (most probable calculated mass: 2909.9).
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