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The reaction of ethyl azodicarboxylate with norbornadiene has been

1,2 The observation was m.nde1 that two 1:1 adducts were

described previously.
formed in ca. 75% overall yield. The two adducts, formed in approximately
equal amounts, were separated and assigned the structure Ia (or IVa) and Ila.
The structure of Ila was further substantiatedz by ita conversion into
quadricyclene.

The structural assigmment of the unsaturated adduct remained somewhat
tentative, several alternative possibilities being considered1 (L.e., IIla,
IVa and Va); however, the arguments presented against structures IIIa and
Va appear convincing (vide infra). Although the formulation of the unsaturated
adduct IVa could not be ruled out, the rearranged structure la appears to
have been favored.z’3

Catalytic hydrogenation of the unsaturated adduct afforded the

corresponding saturated adduct (presumably Ia — VIa, or IVa — VIIa). Recently

Thaler and Franzus3 reported this saturated adduct as & product of the
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reaction of norbornene with ethyl azodicarboxylate. We estaﬁlished the
identity of the saturated adducts formed by both routes by infrared and
nuclear magnetic resonance spectral comparison.

The NMR spectrum of the unsaturated adduct is complicated by the
presence of non-equivalent ester methylenes centered at 4.12 p.p.m.
(c.f., Fig. I). Nevertheless, a somewhat modified AB quartet is
apparent in the 3.5 - 4.5 p.p.m. region. The "A" portion of the
pattern lies partially beneath the ester methylene resonances, but the
"B" portion is clearly visible. This "AB" pattern could conceivably

be assigned to the allylic protons R, and H, in Ia. Then the broad

1 4
signal at ca. 3.10 p.p.m. would be attributed to the protons adjacent
to nitrogen (i.e., u6 and Hg). Alternatively, these assignments can be
reversed. The former possibility can be ruled out by observation that
hydrogenation of the unsaturated adduct shifts the 3.10 p.p.m. signal
upfield to 2.46 p.p.m., a feature characteristic of allylic proton
sigmlsa, while the position of AB pattern remains relatively unaltered.
The latter alternative is also cast in doubt by the realization that it
requires l’JG’9 = 7 cps, a four bond coupling value unptec.dented5’6’7 in
norbornyl systems! This dilema led us to consider other structural
possibilities for the unsaturated adduct. We propose that the structure
of the adduct is one not previously considered, namely VIIIa.

We decided to distinguish between the structures VIIIa and Via by
determining whether the norbornyl system had undergone rearrangement during
adduct formation, a circumstance demanded by VIa, but obviated by VIIIa.

Recently, PFranz and co-'workers7, through the use of 2,3-dideuterie-

norbornene, demonstrated that the benzenesulfonyl azide-norbornene
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adduct did not incorporate a rearranged norbornyl skeleton. Since the
modified AB pattern in the saturated adduct was partially submerged
beneath the ester methylene resonances, we decided to investigate other
adducts in which the AB pattern would be clearly discernible, thereby
facilitating the deuterium analyses. For this purpose, we prepared the
norborene-phenyl azodicarboxylate (i.e., VIIIb) and norbornene-dibenzoyl
diimide (i.e., VIIIc) adducts. That VIIIa, VIIIb and VIIIc are indeed
all of a similar nature is supported by an examination of their NMR

spectra (cf., Fig. I)*. Then, 2,3-dideuterionorborneme, containing 1.24
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deuterium atoms/molecule, was allowed to react with phenyl arodi-

carboxylates’n in one case and dibenzoyl diimidelz in another to furnish

the corresponding deuterated adducts (i.e., XIIb and XIIc, respectively).
The deuterium content of these materials was determined by NMR and

the results indicate the adducts (i.e., XIIb and XIIc) to be unrearranged.

The ratio of protons at the 1,4-, and 2,3- and the 5,6,7- positions remained

relatively constant. The rearranged adducts, XIb and XIc, would demand a

substantial decrease in the number of 1,4 protons and a similar increase

in the number of protons adjacent to the nitrogens. Thus, we can clearly

*The NMR spectrum for VIIIa is not shown since it has been reported
previously”; however, it is worthwhile mentioning that the
gpectra of VIIIa and VIIIb are extremely similar save for the
ethyl signals in VIIIa and the phenyl signals in VIIIb.
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eliminate Ia and VIa as possible structures for the unsaturated and saturated
adducts, respectively. The lack of rearrangement is consistent with IX, as
well as III, IV, and V, as the structure of the unsaturated adduct; however,
as noted enrlierl the presence of non-equivalent ester methylenes in the
NMR spectrum of the unsaturated adduct argues strongly against III and V.
Moreover, the norbornene dibenzoyl diimide adduct, VIIIc, shows UV absorption
at 292 mp ( & 15,400). This band is absent in dibenzoyl diimide, dibenzoyl
hydrazine, and dibenzoyl dimethyl hydrazine, but present in the oxadiazoline
XIII,A:E:H 302 mp (e 16,400).13 This would appear to confirm the presence

CeHs

X1t

C O CeHs
of the oxadiezole ring in VIIIc and therefore presumably in VIIIa, VIIIb, and
IXa as well. Thus, the diazacyclobutane structure III, IV, and V would appear
to be eliminated. Consistent with this conclusion is the observation that
acid catalyzed hydrolysis of VIIIa, followed by neutralization and treatment

with oxygen in the presence of cupric chloride, afforded exo-norborneol.

OH H

oc
(o — NHNH.| —

—
E30‘2 CaHs
The NMR spectra of the saturated adducts, VIIIa, VIIIb, and VIIIc,
add further support to the structural assignment. The'modified AB
pattern is, in each case, attributed to H2 and H3. The chemical shift
and coupling .constant data are consistent with the proposed structure.5’6

The protons H2 and H3 are seen to be further coupled, although to

different degrees. .We believe that this additional splitting can be
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attributed to coupling with the anti-7-hydrogen. Couplings of the
magnitude observed (cf., Fig. I) are well precendented in norbornyl

5,

systems. Spin decoupling of the 7-hydrogens (1.7 p.p.m.) in IXa
leads to a sharpened AB quartet (J2,3 = 7 cps). Moreover, decoupling
of the bridgehead protons (i.e., Hl and Ha) does not appreciably
influence the nature of the AB patterns in the spectra of compounds
VIIIb, VIIIc, or IXa. These observations strongly suggest that the
adducts bear the oxadiazole ring in the exo-orientation, as shown in
structures VIII and IX. If the protons H, or Hy were exo, they would be
expected to be coupled to the bridgehead protons to an observable
extent (i.e., J. ca., 3-4 cps)5’6. Coupling of the bridgehead protons to
endo-protons in norbornyl systems does not usually lead to observable
splitting.6’7

The evidence presented here strongly supports the structural
assigmment, IXa, for the unsaturated adduct formed from norbornadiene
and ethyl azodicarboxylate and VIIIa, VIIIb, and VIIIc for the adducts
derived from norbornenme and ethyl azodicarboxylate, phenyl azodicarboxylate
and dibenzoyl diimide, respectively.
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