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Abstract—DDAQ treatment of the Diels—Alder products 1 unexpectedly led to chloroderivatives 2. Chlorination did not occur during
DDQ treatment of the fully aromatised compounds 3. These results point out that DDQ acted as an oxidant and source of chlorine.

© 2004 Elsevier Ltd. All rights reserved.

In connection with our studies on angularly annelated
[2.2]paracyclophanes we have described the synthesis
of a variety of compounds by a simple approach using
the Diels—Alder cycloaddition to construct the carbon
framework. The subsequent dehydrogenation—oxidation
of the cycloadducts was successfully carried out by
DDQ treatment.! In contrast with previous results, re-
cently we observed that oxidation of Diels—Alder prod-
uct 1a by DDQ in toluene at reflux temperature gave,
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surprisingly, the fully aromatised chloro compound 2a
(Scheme 1) in 30% yield.?

The presence of chlorine was established by Beilstein’s
test? as well as by mass spectrum.

The mass spectrum, obtained by a VG ZAB-2SEQ tan-
dem mass spectrometer using electron impact (70 eV)
for ionisation, showed a molecular ion [M*] at m/z
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a, X = N-Me; b, X=N©

Scheme 1.
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413. In addition two major fragment ions were detected
at m/z 309 and 104; the fragment [M—104]" at m/z 309 is
a result of the rupture of the ethane bridge of [2.2]para-
cyclophane unit and loss of the -CH,—C¢H4~CH,-moi-
ety (m/z 104).

The structural assignment has been mainly supported by
COSY, '"H-{'H}-NOE and long-range hetero-correla-
tion experiments. The chemical shift values of H(16)
(singlet at 5.71 ppm) and C(16) (methine at 54.1 ppm)
were diagnostic for the chlorine position. The stereo-
chemistry of H(16) followed from the NOE experiments.
Selective pre-irradiation of the resonance of H(16) re-
sulted in signal enhancement of the resonances attrib-
uted to H(1l1) and H(14), thus confirming the
stereochemistry of the chlorine at C-16.

These results induced us to test the same reaction on an-
other product, the N-phenylmaleimide derivative 1b.
When 1b was treated with DDQ under the same experi-
mental conditions,? chloroderivative 2b was obtained in
51% vyield.* The structural assignment of 2b was sup-
ported by mass spectrum (molecular ion [M] at mi/z
475 and fragment [M—104]" at m/z 371) and by NMR
shift values of H(16) and C(16) (éz = 5.76 ppm, dc =
54.0 ppm). As for 2a, the NOEs observed on H(11)
and H(14) upon irradiation of H(16), confirmed the ste-
reochemistry of the chlorine at C-16.

In the course of previous studies on the synthesis of
IPA> and helicenophanes,! Diels-Alder cycloadducts
were often aromatised by DDQ treatment and chlorina-
tion never occurred. When aromatic compounds 3°
were treated with DDQ,” starting material was recov-
ered thus indicating that the chlorination occurred
exclusively on their hydroderivatives. Recently Prag-
nacharyulu and Abushanab® reported the chlorination
of 5,6-dihydropyrimidine nucleosides during DDQ oxi-
dation. To our knowledge there is no other precedence
for this reaction.
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