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Abstract-Dimethyl oxaquadricyclane-2,3-dicarboxylate (1) with
cyclooctyne (CO) gave, via carbonyl ylide (3a), a mixture of the
exo and endo 1:1 adducts (2a, 2b) along with the novel 1:2 adduct
{2c), whereas the carbocyclic analogs underwent {o2s + o2s +
n2s]cycloaddition. The first examples of inverse electron demand
homo-Diels-Alder reactions of oxa-, aza- and carbo-norbornadienes
with CO were also described.

Cyclooctyne is the smallest cyclic alkyne that is stable at room temperature and has
been prepared by a number of methods which either start from cyclooctene or from
cyclooctanone.! In spite of high strain and high reactivity of cyclooctyne as well as
synthetic potential of its cycloadditions, relatively few examples of cycloaddition
reactions have been reported.2 Specifically, its cycloadditions and subsequent ring
enlargement have been elegantly utilized for construction of the medium and large
ring compounds.® Since cyclooctyne is now readily available,'® we envisaged that its
cycloadditions with oxaquadricyclane, oxanorbonadiene, and related compounds would
provide a facile route to the medium and large ring compounds as well as molecular
cages, belts, rods, and spacers. This {s a subject of the present cormmunication.

Reaction of dimethyl oxaquadricyclane-2,3-dicarboxylate (1) with cyclooctyne (COJj in
refluxing toluene for 7 h gave a mixture of exo-2a (46 %), endo-2b (42 %), and 2¢
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(0.4 %).* The exo stereochemical assignment was made based upon the its NOESY
spectra (H* and HP). The reaction is known to proceed via carbonyl ylide (3a)* and the
subsequent cycloaddition has been established to take place in exo fashion with

dienophiles such as maleic anhydride.® Indeed, the calculated heats of formation (kcal
. mol'l) obtained by AM1 and PM3 methods of 3a are smaller than those of its isomer
(3b).° The predominant formation of exo-adduct is presumably due to the favorable
attack of CO from 'A' side as shown in Scheme 1. This is in agreement with the
calculated heats of formation (kcal - mol™') obtained by AM1 method(2a: -120.85. 2b:

-112.72). Interestingly, the exo-selectivity was increased up to 98 : 2 (exo:endo ratio by

NMR analysis) under high pressure of 0.6 GPa at room temperature, presumably
because of the smaller activation volume leading to the exo-adduct (2a) than to the
endo-adduct (2b). The formation of 2¢ is very novel and can be explained by an initial
isomerization of 1 to the oxepine (C],Sa followed by Diels-Alder reaction with CO,
rearrangement, and further homo-Diels-Alder reaction with second molecule of CO.

Unfortunately, the initial Diels-Alder adduct (D) of CO with the oxepine [C) could not be
isolated in our hand. The examples of this type of the initial Diels-Alder adducts of the

related oxepines with azo compounds are known,’ although, to our knowledge, the

subsequent rearrangement of the initial Diels-Alder adduct like D to E has not been
previously reported. The driving force of the rearrangement is presumably due to the
strain imposed by an additional double bond, compared with the reported adduct with

the azo compounds.

In contrast with 1, dirmnethyl quadricyclane-2, 3-dicarboxylate (4a) underwent regio- and
stereo-specific {02s + 02s + n2s] cycloaddition® with CO in refluxing toluene to give the
adduct (Ba), whereas the parent quadricyclane (4b) reacted with only under high
pressure and at 100 °C. This is not surprising because the LUMO{4a)-HOMO(CO} and

LUMO(4b)-HOMO[CO) energy gaps were estimated to be 10.665 and 12,131 (eV) based
upon the semiempirical PM3 calculations.

Neither dimethy! oxanorbornadiene-2,3-dicarboxylate (6a) nor the related analogs {6b-d)
reacted with CO at 100 °C in sealed tube. The homo-Diels-Alder reactions, [n2s + n2s
+ n2s] processes, of norbornadiene with dimethyl acetylenedicarboxylate and tetracyano-

ethylene are reported to have activation volume of about -30 em®-mol" ® Thus, at

0.6 GPa and 100 °C, the above reactions took place to give the corresponding homo-
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Diels-Alder adducts (7a-d) in moderate yields. '® Based upon the results of semiempirical

MO calculations (PM3), the reaction is, besides the parent norbornadiene (6d),

presumably controlied by LUMO[S)-HOMO(CO).“ To our knowledge, this is the first
example of the inverse electron demand homo-Diels-Alder reactions.
Further work is envisaged to explore a facile method leading to molecular racks, rods,

cages, and spacers.
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method are summarized as follows:

Table Energy gaps between CO and 6a-d

Norbornadiene  HOMO-LUMO, (eV) LUMO-HOMO (eV )

6a 11.846 9.059
6b 11.879 8.882
6c 10.816 10.899
6d 11.391 9.546
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