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The rational synthesis of stable endohedral metal fullerene F19ure 1. ORTEP plot of the crystal structure af

complexes poses a major challenge to current synthetic meth-
odologies. We are particularly interested igo@ndohedral
complexes becausesitself has delivered the most interesting
physical properties among the empty fullerehe®vhile lan-
thanide endohedral complexes of higher fullerenes (e.g. La@C
have been available for some time by resistive evaporation
methods, analogoussgcomplexes do not seem to be isolable.
Endohedral complexes ofsgwith noble gases (e.g. He@&
have been prepared by insertion into empty fullerenes under

pyrolytic conditions or even in solutich?® A metal guest
included in their cavity should be trapped endohedrally when
rearrangement occurs. We are reporting the synthesis, X-ray
structure, and preliminary mass spectroscopic study of cyclo-
phane7 in our first approach to the rational synthesis of
fullerenes.

high pressure and temperatdrélhese methods are limited by R /_\\ @
the choice of guest atom, fullerene size, and very low yields. [ %)lljridineﬂps

We are proposing an unconventional approach to fullerene « WF
synthesis from polyalkynyl precursors suchlaand2.#4 This R TR N

approach is based on the remarkable propensity of ayelo| (43%)

carbons to rearrange to fullerenes in the gas phase 8e.g. da. R ba,

b,

non
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The short convergent route to cyclophahwas devised by
application of straightforward alkynylation procedures. The tris-
(bromoalkyneMb was prepared from 1,3,5-triethynylbenzene
(43)1° by bromination with NBS! The copper acetylidd was
obtained by selectively deprotecting 1-(triisopropylsilyl)-6-
(trimethylsilyl)-3-hexen-1,5-diyn@ with K,COy/MeOH, fol-
lowed by deprotonation (LHMDS, THF) and addition of CuBr.
< A three-fold coupling of to 4b in pyridine!3 yielded the stable

\ intermediate6a which was deprotected (TBAF) to give the
unstable triyneb. Cyclization of6b under Hay conditions in
o-dichlorobenzene (ODCB) afforded the bright yellow cyclo-

S phane7 in 34% yield. Cyclophan& decomposes over a period
8, Ceo (Dgon) 2, Ceo (Den) of weeks in the crystalline state but is stable indefinitely in dilute
solutions (e.g. CkLCly) if kept in the dark.
converting to Gg).57 Even though the mechanism of this _ After considerable effort, crystals suitable for X-ray diffrac-
rearrangement is complex, we envision 60-carbon polyacetyleniction were grown by vapor phase diffusion of heptane into a
cyclophanes such dsand2 analogously forming g after being ~ Solution of 7 in ODCB (Figure 1). Analysis of the crystal

generated from more stable precursors under flash vacuumstructuré? reveals that the two benzene rings of cycloph@ne
are not stacked on top of each other, but rather are offset by
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Table 1. Calculated Barriers (kcal/mol) for the Racemization7of

7(a-Ds)

7(a-D3)
AMm116 PM3e CVFFY? CFF9®7
+3.28 +2.81 +6.13 +3.37
100, 738 (CgoHig)
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Figure 2. Space-filling model for a partial packing diagram showing g ‘ ‘ i
two pairs of enantiomeric units af and four ODCBs: light gray= 54 ‘ _
right handed, dark gray= left handed. < ‘ 1. | i3
. . 0 ' . L \nJL.v\) Sl /o
~1.32 A along the C23C26 axis (offset distances between 71500 720.00 72500 730.00 p, 73500 74000 745.00

C2—C28 and C6-C24 are 1.254 and 1.386 A, respectively).
The two pairs of carbons CXC27 and C6-C25 are essentially 18 ) . y .
sitting on top of each other as a result. The angle between theSYmmetry:* Using semiempirical and molecular mechanics
mean planes of the two benzene rings is°5.0he distances ~ Methods, the energy of the transition state was locateikeal/
between the two planes, as defined by the normal from C2 andM©! higher in energy than that of the minimized, relaxed
C6 to the opposite plane, are 3.323 and 3.250 A, essentiallyen"’mt'_om(.e“C forms. Thus even at low temperatures, the
within van der Waals distances. In addition, the butadiynyl acemization of the flexible cyclophane must occur very rapidly.
moieties are bent as much &sfom their ideal linearity, which An important question to answer is whether the cyclophane
impartsC; symmetry to the whole structure in the crystalline 7 can be induced to rearrange teo® the gas phasg. MALDI-
state. The fact that the two benzene rings are not superimpose TMS and APCI negative ion mass spectrometric stu.dle% on
may be due to crystal-packing forces combined with electrostatic/ "2V€ revealed a cluster of peaks around the moleculardg£>
m-stacking effects. The distortion @fin the solid state from atm/z738 (Figure 3). The most abundant ion corresponds to

more energetically favorable structures found by minimization th? parenélorz, with the hlghgrrfn/z peauI%Iln. the approximate
is not surprising due to the relative flexibility of alkynes. relative abundance expected for nat Incorporation in

. . o CesoHig and subsequent dehydrogenated species. The lower mass
_ C_:yclophane? has a hellc_:al chiral nature Whl_ch is revealed peaks fromm/z734 to 737 indicate that undergoes dehydro-
in its ORTEP representation and in the partial \_/|ew_of the genation at least down tos§H14; however no peak for & was
crystal-packing structure (Figures 1 and'2)Each pair of like- detected in the experimental conditions examined so far. The
handed helices stack along thexis in a herringbone manner,  re|yctance of to lose hydrogen seems at first surprising, since
but the like-handed helices are separated from the opposite-its thermal chemistry must be dictated by its enediyne nature
handed helices by a channel of ODCBs. Thus an interesting giving rise to aromatic 1,4-diylsia Bergman cyclizatio?
aspect of the crystal is that each helix appears to recognize itsHowever, this system may be somewhat too flexible to produce
like-handed partner. An intriguing possibility with this system  controlled pathways for bond formation. Further studies will
is that derivatization at the alkene positions with an appropriate pe directed at the preparation of halogenated derivatives of

long-chain alkyl group will support the formation of chiral  capable of generating the more rigid precurgor
columnar arrangements giving rise to interesting liquid crystal-
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Although one ODCB is included in the space between the like-  5ypporting Information Available: Experimental proceduret

handed cyclophanes, the middle two form a channel which and3Cc NMR spectra for4b, 6a and7, X-ray structure of7, fully

extends along the-axis throughout the crystal lattice. labeled view of the structure, tables of atomic coordinates, equivalent
We have determined by computation whether cyclophane isotropic thermal parameters, bond angles, and bond lengths (22 pages).

should be separable into its enantiomeric forms. Racemization©rdering information is given on any current masthead page.

of the enantiomeric forms should proceei the dynamic JA9606384

process in Table 1 resulting from rotating the two arene planes

in opposite directions, producing a transition state wit

Figure 3. MALDI-TOF negative ion mass spectrum @f
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