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Abstract: A metal supported [2+2+1]cycloaddition of two cyclic alkynes and one CO group is
the key step for the preparation of the first superphanes (1, 2) with a metal-capped
cyclopentadienone ring. Cyclic voltammetry reveals a strong interaction between the two -
systems in 2. © 1998 Elsevier Science Ltd. All rights reserved.

There are many examples of cyclophanes with heterocyclic five- membered 6n-units,"? but there is only one
report of cyclophanes with cyclopentaolenone rings as building blocks. In connection with our studies on
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phanes with three- and four-membered rings” we have deveioped a general route to cyciophanes containing
cyclopentadienone rings as building units. In this paper we report on the synthesis of 1 and 2, the first
superphanes containing metal stabilized cyclopentadienone rings.
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entadienone unit we made use of the transition metal supported [2+2+1]cycloaddition
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of two alkynes and one CO group to cyclopentadlenone. Starting point of our synthesis was 5-
cyclodecynone (3)° which was transformed to a mixture of isomeric tricyclic cyclopentadienone complexes
4a - 4c in 60% vyield when heated with dicarbonyl(n5-cyclopentadienyl)cobalt (CpCo(CO),) in decalin at
190 °C for five days. The isomeric complexes of 4 were transferred to a mixture of isomeric
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tricyclic diynes following a procedure which was used earlier to synthesize the corresponding cyclobutadiene
complexes to the tricyclic diynes.” In this protocol the isomeric bissemicarbazones were transformed to the
bisselenadiazoles following a procedunre proposed by Lalezari.? Thermolysis of the bisselenadiazoles yielded
the bisalkynes. The main products 5a” and 5b were separated by HPLC.

The mixture of 5a/5b was heated for five days in decaiin at 190 °C in presence of CpCo(CO),. The resuilting
mixture of products was separated by HPLC into a main component (1, 20%)% and a minor one. The
analytical properties of the latter are in agreement with either the structure of 6 or the structure of 7.
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CpCo(CO), CpCo(CO),
1 < 5a,5b > 2
Decalin, 190 °C, 5d THF,30°C, hv
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To confirm the structurai assignment of 1 it was aiso independentiy synthesized. We obtained 1 in 18% yieid

by irradiation of the tricyclic diyne 8’ in the presence of CpCo(CO),.
The irradiation th mixture of 5a/5b in the presence of CpCo(CO), i
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25% yield to which v igned the structure of superphane 2. The st tu gnment of 2 is based on
sp,.ctrosc-,pic. data. The syn-configuration is deduced from the four signals of the bridging 393 carbon
centers in th 3C NMR spectrum because in the case of the trans-isomer only three signals are expected

for the sp carbon centers. X-ray investigations on single crystals of 2 (see Figure 1)'° reveal two
cyclopentadienone units oriented parallel at a distance of 3 A. The carbonyl groups adopt the syn-
configuration in the solid state.
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compound E, (mV) E, (mV)
1 734 12912
2 1198° 1511°

10 1233° -

2 irreversible oxidation

The interaction of the two CpCo(CpOQ) units in 2 can be seen from the comparison of the CV data of 2 with
10. The first oxidation potential of 2 occurs at a lower value (1198 mV) than in 10 (1233 mV). As
anticipated, the second oxidation of 2 occurs at a considerably higher vaiue (1511 mV) than the first one

due to the interaction of the posmvely Cnargea bpr(pr) mcnety with the neutrai one in 2. The energy

difference between the first and second oxidation potentials of 2 (313 mV) is similar to that recorded for 9
(445 mV) an i etween both CpCo(CpQ) units in 2.
We are grateful to the Deutsche Forschungsgemeinschaft, the Fonds der Chemischen Industrie and the
BASF Aktiengeselischaft, Ludwigshafen, for financial support.
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(m) (together 24H) 8C NMR (75 0 MHz, CDC|3) 5= 1524 (s) 90.8 (s) 843 (s), 82.1
80.2 (d), 76.75 (s), 26.3 (t), 26.0 (t), 25.4 (t), 24.8 (t), 23.0 (1), 20.5 (t). Amax [NM] lge = 232(4.3),

290(4.3), 358(4.3).

2: C3,H35C0,0, [M+H], calc. 569.1301, found 569.1326, +2.5 mmu.'H NMR (500 MHz, CDCl,): & =

4.52 (s, 10H), 3.14 - 3.10 (m), 2.81 - 2.63 (M), 2.29 - 2.14 (m), 1.72 - 1.67 (M) (together 24H)."*C
NMR (125.75 MHz, CDCly): 8 = 149.1 (s), 89.7 (s), 87.4 (s), 82.3 (d), 25.3 (t), 24.1 (t), 23.1 (1), 20.6 (t).
Amax [NM] Ige = 220(4.1), 260(3.6), 326(4.2), 420(3.2).

5a: CyeH3gCoO [M+H], caic. 417.1628, found 417.1611, -1.7 mmu. H NMR (
455(s 5H)298 288(m 4H) 2.72 - 266(m,4H)2 2.1
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2 032H3400202, 40. 52 crystal dimensions 0.30x0.30x0.12 mm’, crystal system monoclinic,
space group P2,/n, z = 4, a = 9.3822(1), b = 18.8319(3), c = 16.1949(2) As, F(000) = 1344 p . = 1.52
glem®, 26, = 51.2°. Radiation Mo Ko, A = 0.71073 A, 0.3° w-scans with CCD area detector, T =
200K, 20550 reflections measured, 4859 unique, 4050 observed (1>2c(l)), intensities were corrected
for Lorentz and polarization effects, an empirical absorption correction was applied using SADABS"
based on the Laue symmetry of the reciprocal space, p = 1.239 mm™, Tmin = 0.74, Thax = 0.89,
structure solved by direct methods and refined against F2 with a full matrix least-squares algorithm
using the SHELXTL Plus (5.03) software package, 12 441 parameters refined. Hydrogen atoms were

treated using appropnate riding modeis, final residual values R(F) = 0.025, wR(F ) = 0.059, residual
. Details of the crystal structure determinations of 2 may be obtained
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The electrochemical measurements were performed with the METROHM potentiostat system
PGSTAT20. As working electrode a METROHM disc electrode was used (radius = 0.3 cm, glassy
carbon). The Ag/AgCI reference electrode was separated from the solution by a fine grit and a luggin
capillary. As electrolyte a 0.1 M solution of (n-Bu)4N"PFg in CH,Cl, was used. The potential of the
ferrocen/ferrocenium (Fc/Fc') system was recorded at 721 mV with an error of+ 5 mV vs. Ag/AgCl. All
measurements were recorded at v = 100 mV/s.



