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Since the report of Sondheimer et al.? on the use of
Eglinton—Glaser coupling for the preparation of unsatu-
rated macrocyclic compounds, the oxidative homocoupling
reaction between the sp-carbon centers of terminal
alkynes leading to butadiyne derivatives has become one
of the most useful synthetic transformations for the
preparation of medium- and large-ring systems,? as well
as for the formation of boxlike molecules.® As with other
cyclization reactions, the variety of different cyclization
products decreases as the complexity of the precursor
increases.* We recently reported the oxidative cyclization
of the rather rigid kinked phenylene—ethynylene oligo-
mer la (Scheme 1) using a slurry of CuCIl/CuCl, in
pyridine as the catalyst/oxidant mixture.3* The reactions
were performed at room temperature using pseudo-high-
dilution conditions. According to the gel permeation
chromatographic (GPC) analysis, the crude product
contains the corresponding macrocycle 3a at about 60—
65%.56 However, the results obtained by the oxidative
cyclization of the oligomers 1b and 1c differ remarkably.
Under identical conditions, the crude product of the
oxidative coupling of 1b contains 3b at about 75—80%.

* To whom correspondence should be addressed. Fax: Int. + 6131/
379 100. E-mail: hoeger@mpip-mainz.mpg.de.
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Table 1. Oxidative Cyclization of Rigid Bisacetylenes at
Various Temperatures

cyclization of

la 1c
3ain the 3a 3cin the 3c
T crude product  (isolated) crude product (isolated)
Q) (GPC) (%) (%) (GPC) (%) (%)
20 60—65 40—-45 40—-45 30-35
60 80—85 65—70 70—75 45-50
90 75—80 25-30 75—80 35—40

On the contrary, the crude coupling product of 1c
contains 3c only at about 40—45%.” These results clearly
indicate that the arrangement of the functional groups
(the tetrahydro-2H-pyranyl (THP) ethers) has a strong
influence on the yield of cyclic dimer.

Although the exact mechanism of the oxidative acety-
lene dimerization remains unknown, a possible explana-
tion for these results is that copper ion clusters or a
copper salt surface act as a template in this reaction.?
Coordination of the OTHP groups to the template would
dramatically restrict the flexibility of the bisacetylic
intermediate 2, which is formed after the first oxidative
coupling reaction. Although in every case the same
number of coordination sites are connected to the copper
salt, the steric restriction increases as the distance of the
coordination side from the reacting free acetylenes de-
creases in the order 2b < 2a < 2c. In other words, due
to the aliphatic spacer, 2b has the highest mobility, giving
it the highest probability to react intramolecularly.

We also found a strong temperature dependence on the
oxidative acetylene dimerization.® Addition of the bis-
acetylenes la and 1c to the catalyst suspension at
elevated temperatures increased the amount of cyclic
dimer in the crude product of the reaction (Table 1).1°
The optimum reaction temperature was found to be
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H), 3.85—3.70 (m, 8 H), 3.47—-3.36 (m, 8 H), 2.39 (s, 6 H), 2.37 (s, 12
H), 1.97—1.85 (m, 20 H), 1.70—1.58 (m, 22H), 1.55—1.42 (m, 22 H),
1.14 (t, J = 7.4 Hz); 13C NMR (75.45 MHz, CD,Cl,) 154.31, 139.53,
139.32, 133.46, 133.14, 132.42, 124.41, 124.19, 122.41, 117.63, 114.66,
99.35, 94.68, 94.24, 87.21, 86.77, 81.49, 74.42,71.77, 70.21, 67.92, 62.63,
31.42, 30.47, 29.95, 26.74, 26.61, 26.21, 23.34, 21.40, 20.29, 10.94. 3c:
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21.05, 19.40, 10.93; MS (MALDI-TOF) m/z = 2052.4 [M + Ag*].
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Scheme 1

lab,c a:R=THP,R=CH;;b:R=
C¢H;OTHP, R'= CH3; ¢: R = C3Hy, R = OTHP

Scheme 2

Sab a:n=2;b:n=3

around 60 °C. Higher temperatures complicate the
workup, which leads to a decreased amount of isolated
crude product (about 60—80%), along with a diminished
amount of isolated cyclic dimer (as low as 20—40%). For
the same reason, it is necessary to stop heating the
catalyst mixture immediately after the bisacetylene
addition is complete. Workup is then performed after
stirring overnight at room temperature. Using this
procedure, we were able to isolate 3a in up to 70% yield
(from 1,2-dichloroethane) and 3c in up to 50% yield (from
pyridine) by recrystallization of the crude products.
We also investigated the oxidative cyclization of 4 at
different temperatures (Scheme 2). The shape-persistent
cyclic trimer 5b is formed in about 35% yield regardless

(10) For the effect of temperature on the product ratio of the
cyclocondensation of A, and B, monomers, see, e.g.: Hammond, P. J.;
Beer, P. D.; Hall, C. D. J. Chem. Soc., Chem. Commun. 1983, 1161.

2abec a:R=THP,R=CHs; b:R=
CgH,;OTHP, R’= CHj; ¢: R = C3Hy, R ‘= OTHP

+ oligomers

ifl
l|2

3ab,c a:R=THP,R=CH3; b:R=
CgH)OTHP, R’= CHy; ¢: R = C3Hy, R ‘= OTHP

of whether the reaction was carried out at room temper-
ature or 65 °C, along with higher oligomers and polymeric
material.1112 However, at 65 °C, about 15—20% of the
cyclic dimer 5a is also formed, whereas its formation at
room temperature is negligible.

The observations described here show that the inter-
molecular dimerization of functionalized bisacetylenes is
strongly dependent on the arrangement of the functional
groups, suggesting that the copper salts act as a tem-
plate. In addition, the yield of cyclic dimer can be
remarkably enhanced when the coupling is performed at
higher temperatures, probably due to an increased
mobility of the intermediate formed after the first
coupling reaction.
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(12) The cyclizations of 4 were performed under the same conditions
as used for the cyclization of 1. 'TH NMR analysis of the crude
cyclization products showed no absorptions for residual acetylenic
protons. The GPC trace of the crude room-temperature cyclization
product contains resolved peaks of oligomers at 1840 (~35%) and 2500
(~15%) Da, as well as an unresolved hump of higher oligomers and
polymers (~50%) with no indication of the formation of cyclic dimers.
Similarly, the GPC trace of the crude 60 °C cyclization product contains
resolved peaks for oligomers at 1140 (15—20%), 1840 (~35%), and 2510
(~5—10%) Da, as well as an unresolved hump of higher oligomers and
polymers (30—40%). The molecular weights are based on polystyrene
calibration of the SEC columns. MALDI-TOF spectra (using 1,8,9-
trihydroxyanthracene as the matrix in the presence of silver trifluo-
roacetate) shows for the crude room-temperature cyclization product
signals at 1104.29 (cyclic dimer), 1656.67 (cyclic trimer), 1763.62 (cyclic
trimer + Ag*), 2316.04 (cyclic tetramer + Ag*), 2870.5 (cyclic pentamer
+ Ag'), 3423.89 (cyclic or noncyclic hexamer + Ag*), and 3976.82 (cyclic
or noncyclic heptamer + Ag*) Da. However, it is worth mentioning
that MALDI-TOF spectroscopy strongly overestimates the amount of
small cycles compared to larger ones. Therefore, the MALDI-TOF
spectra of the crude 60 °C cyclization product are dominated by signals
at 1105.90 (cyclic dimer), 1656.55 (cyclic trimer), 1763.48 (cyclic trimer
+ Ag"), and 2316.49 (cyclic tetramer + Ag*) Da. As also observed
previously (ref 11), we were not able to purify the reaction products,
either by column chromatography or recrystallization.



