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ABSTRACT

Synthesis and structure of a novel [6.6]metacyclophane with enediyne bridges is reported.

The chemistry of enediynes gained prominence among fullerenes, their subunits, graphyne subunits, and nanotubes.
synthetic and theoretical chemists and also biologists after Cyclophanes bearing enediyne units as the bridges (ene-
the discovery of enediyne antibiotics during the late 1980s. diynephanes) offer enormous potential to study both of these
Several synthetic model systems have been prepared incorareas in a single system. For example, the strain and the
porating the basic enediyne skeleton, namely, the hexa-3-distance between the termini of the enediyne unit, which is
ene-1,5-diyne unit, in order to study the mechanism of — : :

h Ilv induced cvcloaromatization. commonly Known as (3) Hopf, H. Classics in Hydrocarbon ChemistrynthesisConcepts,
thermally . y_ - ’ y Perspecties Wiley-VCH: Weinheim, 2000; Chapter 15, pp 45472.

the Bergman cyclizatiohSynthesis of extended cyclophanes Youdng. % K. Mcaore, J. S. hModer:n Acetylenic (rilhemistry: Stang, P. J.,

; ; ; ; ; Diederich, F., Eds.; VCH: Weinheim, 1995; Chapter 12, pp 4282.

is anpther aré&hat is actively pursued by synthetp chemists, Zhang, J.. Pesak, D. J.: Ludwick, J. L. Moore, J.JSAM. Chem.Soc.

and in recent years several cyclophanes bearing extendedogs, 116, 4227—4239.

acetylenic units as bridges have been construt&ame of (4) Haley, M.Synlett1998 557-565. Kehoe, J. M.; Kiley, J. H.; English,

. . J.; Johnson, C. A,; Petersen, R. C.; Haley, M.®fg. Lett. 2000, 2,
these cyclophanes serve as precursors for the synthesis O%69—972. Bodwell, G. J.; Houghton, T. J.; Miller, Detrahedron Lett.
1998 39, 2231-2234. Ensley, H. E.; Mahadevan, S.; Magud,etrahedron
T Dedicated to Professor Dr. Henning Hopf on the occasion of his 60th Lett. 1996, 37, 6255—6258. Hopf, H.; Jones, P. G.; Bubenitschek, P.;

birthday. Werner, C.Angew.Chem.,Int. Ed. Engl. 1995,34, 2367—2370. Collins,
*Indian Institute of Technology. S. K.; Yap, G. P. A;; Fallis, A. GAngew.Chem. Int. Ed. 2000,29, 385—
§ Institute of Organic Chemistry, University of Braunschweig. 388. Kawase, T.; Ueda, N.; Oda, Metrahedron Lett1997,38, 6681—
IlInstitute of Analytical and Inorganic Chemistry, University of Braun-  6684. Yamaguchi, Y.; Kobayashi, S.; Wakamiya, T.; Matsubara, Y.;
schweig. Yoshida, Z.J. Am.Chem.So0c.2000,122, 7404—7405.
(1) For reviews, see: Nicolaou, K. C.; Smith, A. L.Modern Acetylenic (5) Rubin, Y.; Parker, T. C.; Khan, S. I.; Holliman, C. L.; McElvany, S.

Chemistry Stang, P. J., Diederich, F., Eds.; VCH: Weinheim, 1995; Chapter W. J. Am.Chem.S0c.1996,118, 5308—5309. Jux, N.; Holczer, K.; Rubin,
7, pp 203-283. Maier, M. ESynlett1995 13—-26. Nicolaou, K. C.; Smith, Y. Angew.Chem.,Int. Ed. Engl. 1996, 35, 1986—1990. Anthony, J. E.;
A. L. Acc.Chem.Res.1992,25, 497—-503. Nicolaou, K. C.; Dai, W.-M. Khan, S. I.; Rubin, Y Tetrahedron Lett1997,38, 3499—3502. Dosa, P.

Angew.Chem.,Int. Ed. Engl. 1991,30, 1387—1416. I.; Erben, C.; lyer, V. S.; Vollhardt, K. P. C.; Wasser, |. M.Am.Chem.
(2) Bergman, R. GAcc. Chem.Res.1973, 6, 25-31. Jones, R. R;; S0c.1999,121, 10430—10431. Boese, R.; Matzger, A. J.; Vollhardt, K. P.
Bergman, R. GJ. Am.Chem.So0c.1972,94, 660—661. C.J. Am.Chem.Soc.1997,119, 2052—2053.
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one among the factors responsible for its reactivity, and the
structure and conformation of the extended cyclophanes can
be easily manipulated by the phane connectivity and sub-
stituents present in the aromatic and the bridging units. | I
Besides, synthesis of isomeric [6.6] enediynephanes and
multibridged [6] enediynephanes offers challenge to the
synthetic chemists. Although several enediynephanes are
known, the enediyne units in these cyclophanes are invariably
connected to the aromatic units through a heteroatom, either
oxygen, nitrogen, or sulfuf.Cyclophanes in which the
enediyne bridges are directly connected to the aromatic unit
through C-C bonds are rare, although they have been
postulated as intermediates in Bergman cyclization. In their
classical work on cycloaromatization of polyeneyne systems
Sondheimerand Masamuriehave proposed aromatic ene-
diynes as intermediates during the Bergman cyclization.
These intermediates could well be regarded as ortho ene- |
diynephanes, and as a result of the strain associated with
these cyclic enediynes they undergo cyclization spontane-
ously at ambient conditions. Herein we report the synthesis
and structure of a novel [6.6]metaenediynephane, namely, 7
[6.6]metacyclophan-3,15-diene-1,5,13,17-tetrayne. a. EtMgBr, THF, -40 °C to RT; b. DMF, 20 °C to
The Pd(0)-mediated coupling ¥ 1,2-dichloroethenel I\R/IES184%6I-(|:2rgf)quc1 ;‘?g’ée/";* d.9‘1>"°g'& (P';Li)’j:
with 1,3-diethynylbenzene&] under high dilution condition

Cul, n-BuNH,, CgHg, RT, 12h, (67%); e.
yielded the desired metaenediynephad)elbeit in very low FeCly 6H,0, CHoClp, acetone, BT, 3 h, (32%); 1.
yield of 2% (Scheme 1).

Scheme 2

TiCly.DME; 5, Zn-Cu, DME, -78 °C, 5 h, (69%);

Therefore, aldehydé was protected using ethylene gylcol
to the acetab (93%), which underwent coupling reaction
with 1 smoothly to furnish the bisaceta(67%). Hydrolysis
of the bisacetab using hydrated ferric chloride yielded the
dialdehyde?, although in a moderate yield of 32%. The
bisacetalé was resistant to hydrolysis with aqueous oxalic
acid and 3 N HCI. The dialdehdy# in which one of the
enediyne bridge is already in place in ttis configuration
is ideally suited for the construction of the second bridge
through McMurry coupling, which offers a convenient
methodology for the construction of medium- and large-ring
alkenes in good yieldsThe McMurry coupling of7 using
TiCl; and Zn—Cu couple in DME at-78 °C yielded the

Therefore, an alternative five-step route was executed in target metaenediynephages the sole product in 69% yield.
which the enediyne bridges were constructed in a stepwise Enediynephane is a pale yellow solid and is highly
manner (Scheme 2). 1,3-Diethynylbenzejenas converted  fluorescent, as would be expected for a fully conjugated rigid
into the monoaldehydé using ethylmagnesium bromide and planar system. In the electronic absorption spectrurd of
DMF in 52% yield along with the corresponding bisaldehyde well resolved absorption bands at 224, 244, 300, 316 (sh),
(16%). Attempted McMurry coupling of the bisaldehyde to 328 (sh), 338, 350, and 363 nm are observed in cyclohexane.
3 lead to intractable material. Also, attempted Pd(0)-mediated Excitation of 3 at any one of the absorption bands above

Scheme 1

a. Pd(PPhg)s, Cul, 1-BuNH,, CgHg, RT, 16 h (2%)

coupling of the monoaldehdy®&with 1 resulted in uniden-
tifiable mixture of products, and none of the desired
dialdehyde7 was obtained.

(6) Konig, B.; Pitsch, W.; Thondorf, J. Org. Chem.1996,61, 4258—
4261. Konig, B.; Hollnagel, H.; Ahrens, B.; Jones, P.&gew.Chem.
1995,107, 2763—2765. For a review, see: Konig,Bur. J. Org. Chem.
2000, 381—385.

(7) Wong, H. N. C.; Sondheimer, Fetrahedron Lett1980,21, 217—
220.

(8) Darby, N.; Kim, C. U.; Salauen, J. A.; Shelton, K. W.; Takada, S.;
Masamune, SJ. Chem.Soc.,Chem.Comm.1971, 1516—1517. Also see
Sander, WAcc.ChemRes.1999,32, 669-676 for the generation of highly
strained cyclic enediynes and diendiynes.
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300 nm gives identical fluorescence spectra showing emis-
sion maxima at 384 (sh), 398, 408, 434, and 446 (sh) nm,
and the fluorescence quantum yiefli) is 0.42. In the'H
NMR spectrum of3 the intra-annular protons appear as a
singlet atd 7.82, more deshielded than the rest of the
aromatic protons, which appear between.15 and 7.4, and
the olefinic protons appear as a singled &.05. In the mass
spectrum of3 the molecular ion peak ai/z300 appears as

(9) McMurry, J. E.; Fleming, M. P.; Kees, K. L.; Krepski, L. B.Org.
Chem.1978,43, 3255—3266. Baumstark, A. L.; McClosky, C. J.; Witt, K.
E. J. Org. Chem.1978,43, 3609—3611.
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the base peak, and the salient feature of the spectrum is thabetween the layers is 547.7 pm. Along fi@xis an ABAB
the intensity of the fragment ions are very weak. The
structure of3 was confirmed by single-crystal X-ray dif-
fraction data? and Figure 1 shows the structure®in the
crystal.

Figure 1. Structure of3 in the crystal.

The structure is nearly planar, and it belong®ta point
group symmetry. The distance between the intra-annular

arrangement of two layers is observed, and the angle between
the two layers is 71.18 The calculated energy minimized
structure based on semiempirical AM1 calculations is nearly
identical to the X-ray structure.

Currently we are investigating the synthesis of the corre-
sponding ortho and para isomers3¥ind the effect of intra-
annular substituents (C-9, Figure 1) on the structure and
conformation of the phane and the reactivity of the enediyne
bridge.
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(10) Crystallographic data fa8. Data collection was performed on a
Siemens P4 diffractometer with the-scan method using a graphite
monochromator for Mo Koradiation (A= 0.71073 A). The structure was
solved by direct method and refined anisotropically oh uSing all
reflections!! Cp4H12, MW = 300.34, monoclinic, space grol/n, a =
1002.0 (3),b = 545.72 (16),c = 1501.3 (4) pma = y = 90°, 3 =
102.934(6)°V = 0.8001 (4) N, Z = 2, pcaic = 1.247 Mg n73, u = 0.071
mm~1, reflections measured 4836, unique reflections 168%a2= 52°, T
= 143 K, Rnt = 0.0397,R = 0.0613 andR, = 0.0889. Further details of

hydrogens is 251.7 pm. The distance between the acetyleniGhe crystal structure investigation may be obtained from the Director of the

termini of the bridge is 427.6 pm. In the crystal lattice there
are layers in the packing, and along taxis the molecules

Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2
1EZ, U.K. on quoting the full journal citatioH. Sheldrick, G. M.SHELXL-
97 A Program for Crystal Structure Refinements, University of Gottingen,

are stacked exactly on one another. The mean distance1997.
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