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Inverse Secondary Deuterium Kinetic Isotope Effect in Diels-Alder

Reaction of Orthonaphtho[3.3]orthoanthracenophane with Maleic

Anhydride

Shuntaro Mataka, Jiang Ma*, Hirohisa Tsuzuki**,

Kozaburo Nishiyama***, Thies Thiemann****, and Masashi Tashiro

The Diels-Alderreactions ofrigid [3.3]onhoanthracenophanes 1 and 2 with maleic anhydride
and deuterium-labcled maleic anhydride-t;, were studied. In the reaction of naphtophane 1, a large
inverse secondary kinetic isotope effect (SDKIE) (kH2IkD2= 0.78) was observed, while bcnzophane

2 shows a SDKIE similar to that of anthracene itself (kH2IkD2= 0.95 and 0.96).

In trod uction

[3.3]OrthoanthrdCCnoph<mcs 1 and 2 are rigid
structures with layered aromatic systems. Recently it
was reported that Diels-Alder(D-A)reactionsofl and 2
with maleic anhydrire (MA) and maleimire show a
high insire-foce selectivity. This is especially true for
reactions of 1.1) Sccondary <b.tterium kinetic isotope
effccts(SOKIE) (kH2IkD2) have been an important tool
in the study of the mechanism of O-A reactions. 2

) In
order to more fully elucidate the interesting reactivity of
phanes 1 and 2, they were reacted with MA <md
deuterium-Iabcled MA-~. 3) Theeffect of the underlying

naphtho- and benzo-units in these systems on the D­
A reaction was evaluated by SDKIE.

Results and Discussion

The reactions of 1-2 and anthracene 3 with MA or
MA-~ werecarriedout in bcnzene-c4 at 109.S±O.1 "C
(Scheme 1).4,5) The outsi<c-a<tilcts 4-5 and insire­
a<klllcts 6 -7 are not interconvertible umb the rcoction
conditions, showing that the rate of retro-rcoction is
negligibly small. The reactions wereanalyz.ed as being
of second-order. The rate constants and the values of
kH2fk02 in the O-A reactions arc given in Table 1.

109.5±O.1°C
3h
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1: Ar= Naphtho
2: Ar= Benzo x = H, 0 Scheme 1

4: Ar= Naphtho
5: Ar= Benzo

6: Ar= Naphtho
7: Ar= Benzo
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Table 1 Inverse Secondary Kinetic Isotope Effects
in Diels-Alder Reaction of 1-3 with MA

Reaction k (mmor1min-1) Reaction k (mmOr1min-1) kH2/ k02

1 +MA 0.680 ±0.016 1 + MA-d2 0.871 ± 0.028 0.78

2+MA 0.337 ± 0.013 2 + MA-d2 0.353 ± 0.008 0.95

3+MA 0.190 ± 0.008 3 + MA-d2 0.198 ± 0.004 0.96

In the D-A reaction with MA, phanrs 1 and 2 are
more rcoctive than 3. This fact seems to reflcct a
through-space electronic interaction between the
anthracene unit and the underlying aromatic rings in the
phane structure. The interaction is more significant in
naphthophane 1 than in the benzophane 2. Also 1
rcocts faster than 2 with both MA and MA-d2. The
composition monitored by 1H NMR spectroscopy
shows that the 1t-facial selectivitirs of 1 and 2 in the
reoction with MA-~. are icEntical with those in the
reaction with MA.

The reaction of anthracene 3 with MA and MA- d2 .

shows kHVkD2 = 0.96, which is close to the value
reported previously.6) A similar kHVkD2 (0.95) is
found for the reactions of benzophane 2. On the other
hand, naphthophane 1 shows a remarkably large inverse
SDKIE (kHVkD2 = 0.78). Both the insi(£- ,md
outsicb-facc adlitions are affected equally, although a
more precise analysis is nccilid to more exactly
determine the SDKIE for the outside-face addition.

The above facts could be explained by considering a
prodJct-like, late transition state in the adfition of
naphthoph,me 1 and a reactMt-like, early transition
state in the addition of 2 and 3, as a D-A reaction via a
reactant-like transition state is known to givc a smaller
kH/kD than a reaction via a product-like tnmsition
state.6) This different behavior of 1 and 2 may indicate
that the electronic interaction between the aromatic
ring-systems perturbs the aromatic stabilization of the
anthraceno-unit more in 1 th(Ul in 2. Further
investigations arc in progress.
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