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A FACILE SYNTHESIS OF [m.m]METACYCLOPHADIONES
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Abstract: The [m.m]metacyclophadiones have been successfully synthesized from w-(m-bromo-
phenyl)alkan-2-one (2a-f) by the photoinduced Spy?! reaction. The anti structure has been
suggested for all the [m.m]lphanes whose m number are less than seven.

The conformation and dynamic behavior of mobile [m.n]phanes has been of theoretical
interest for more than two decades1). An [m.n]phane with keto group in its bridging chain is
one of the current synthetic targets because the keto group can be easily converted to —CDy-
group which can simplify the coupling pattern of the complicated 1H—spin system of the carbon
chain in the 'H NMR spectrum of the parent hydrocarbon, and the resulting simple spin system
can clarify the dynamic process of the mobile phane.

The overall yields in the wide variety of synthetic method so far deve]opedz_s) for
ketocyclophanes were generally not satisfactory because they involved the multi-step reaction
sequences. We now report a facile one-step preparation of [m.m]metacyclophadiones (m=3-8) by
the photoinduced Spyl reaction7) of w-(m-bromopheny1)-3,3-dimethylalkan-2-one (2a—f) in the

presence of kOtBy in 1iquid ammonia.
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The starting methylketones (2) were easily prepared by conventional methods. The methyl-
ketone of the shortest chain (2a) was prepared from m-bromobenzylbromide (3a) by two steps (i;
Mel,KOBu, ii;Meli,Ht). The longer chain methylketones (2b-f) were synthesized from corre-
sponding dibromide (3a-e) by treatment with isobutyronitryl in the presence of LDA followed
by methylation with methyllithium.

These ketones were then subjected to the photoinduced SRN1 reaction. A mixture of ketone
(2) and sixfold excess of kotBu in liquid ammonia was irradiated at -33°C for 15-60 minutes.
The crude products were purified by silica gel column chromatography to give tetramethyl{m.m]-
metacyclophadione (1) in 21-337% yields (Table 1).

The double Spy1 reaction, namely an intermolecular reaction followed by intramolecular

cyclization, could give the [m.m]phanes successfully, however, the initial intramolecular
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cyclization which gives a single Tooped [ml~  Tapte 1. Yields of Spyl reaction and 'H NMR

metacyclophane could not be observed even in chemical shifts of the aromatic
h in la—f.
the reaction of the longest chain case (2f). ydrogens in 1a

In the 'H NMR spectra of la, the signal ¢ e Vields(Z HTH NMR Sf EDC13)
due to the inner aryl hydrogens (Hi) ap- ompounds ¥ields(%) ! thers
peared at high field when compared to the la [3.3] 33 5.86 7.30-7.60

. . 1b [4.4] 25 6.51 6.90-7.30
corresponding signal of m-xylene (A§= 1c [5.5] 23 6.56 7.00-7.35
-1.01ppm). Although to a lesser extent, 1d [6.6] 21 6.82 6.90-7.30

. . . . le [7.7] 22 6.84 6.90-7.35
similar up-field shift was observed both in 1f [8.8] 24 6.88 6.80-7.30
1b and 1c (88; -0.36, -0.31ppm, respective- (m-xylene) (6.87)

ly). These up-field shifts clearly suggest
the predominance of the anti structure6'8)
in these metacyclophanes. In comparison to
these up—field shifts 1d has a very small
shift value (-0.05ppm), however, which may
be a sign of the anti structure since the
crystallographic analysis has disclosed
clearly the anti structure in the crystal-

line state?) (Fig. 1).

Fig. 1. ORTEP drawing of 1d.
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