
Dehydration of 3-carboxy-3-(carboxymethyl)hexanedioic
acid with excess acetic anhydride resulted in the formation of a
novel propellane-type trilactone (orthoester), 2,9,10-tri-
oxa[4.3.3]propellane-3,8,11-trione.  This is the first one-step
synthesis of a propellane from an acyclic compound.

Itaconic anhydride (1) has a unique structure with the
potential of utilization in various chemical conversions.
Nevertheless, there were few reports on highly-sophisticated
utilization because of the lability of 1 towards isomerization to
citraconic anhydride.1 On the other hand, polybasic carboxylic
acids and their derivatives having a quaternary or a spiro carbon
atom have attracted much attention as building blocks for chiral
compounds2 and for dendrimers.3 Therefore, we have devel-
oped  a practical synthesis of such compounds from the com-
mercially available 14,5 and have utilized them as building
blocks for strictly alternating copolyimides.6

In previous papers, we have reported the syntheses of 3-
carboxy-3-(carboxymethyl)hexanedioic acid (2a)4 and 3-car-
boxy-3-(carboxymethyl)pentanedioic acid (2b).5 The tetracar-
boxylic acid 2a potentially gives five-, six-, and/or seven-mem-
bered anhydride(s) by dehydration.  Nevertheless, the dehydra-
tion of 2a using an equimolar amount of acetic anhydride gave
only a five-membered anhydride-di(carboxylic acid) 3.4 On the
other hand, the dehydration of tetracarboxylic acid 2b using
excess acetic anhydride gave only a spirocyclic dianhydride
with five- and six-membered rings.5 These results prompted us
to examine the further dehydration of 2a or 3.  Interestingly,
the dehydration of 2a or 3 with excess acetic anhydride did not
afford any spirocyclic dianhydrides (with either five- and
seven-membered rings, 4a, or two different six-membered
rings, 4b) but resulted in the formation of [4.3.3]propellane-
type trilactone 5 (Scheme 1).  Here, we wish to present this
unexpected outcome of the dehydration of tetracarboxylic acid
2a and the reactivity of the resulting trilactone 5.

The tetracarboxylic acid 2a was treated in an excess
amount of acetic anhydride at 100 oC for 20 min to give a white
solid (94% as a crude product, 56% after purification) (Scheme
1).7 The molecular formula of the resulting product was deter-
mined to be C9H8O6 by mass spectroscopy and elemental
analysis, indicating that this compound was a two molecular
dehydration product of 2a.  From the spectral data (IR, 1H
NMR and 2D NMR) and the reactivity (vide infra) of this prod-
uct, it was initially thought that one of the expected dianhy-
drides 4b had formed.  However, in the 13C NMR spectrum of
this product, one of the peaks appeared at 124.3 ppm.  This
peak was inexplicable as a carbon in the dianhydride 4b.  This
situation prompted us to investigate further the structure of the
product.  X-Ray crystallography was performed on the product
to establish it as the unexpected propellane-type trilactone,
2,9,10-trioxa[4.3.3]propellane-3,8,11-trione (5), which is also a
tricyclic orthoester. The ORTEP drawing of 5 is shown in
Figure 1.8

The trilactone 5 naturally fulfills all the above analytical
results including the 13C NMR spectrum.7 In the IR spectrum,
the two peaks at 1771 and 1805 cm-1 are assignable to the C=O
stretching bands of δ- and γ-lactones, respectively.  In the 13C
NMR spectrum, the peak at 124.3 ppm is interpreted due to the
bridgehead carbon linked to three oxygen atoms.

Scheme 2 depicts a possible mechanism for the formation
of the propellane-type trilactone 5.  The trilactone 5 is formed
via the five-membered anhydride-di(carboxylic acid) 3 from
tetracarboxylic acid 2a.  This was established by the experi-
mental facts that the dehydration of 2a in a short time (10 min)
gave a mixture of 3 (67%) and 5 (21%), and that the heating of
3 in acetic anhydride at 100 °C for 20 min gave 5.  First, a five-
membered anhydride ring is formed by the intramolecular
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dehydration of 2a to give 3.  Then, the successive nucleophilic
attacks of two remaining carboxyl groups in 3, first to the car-
bonyl carbon adjacent to a quaternary carbon atom and then to
the orthoester carbon, take place to give 5.  Although this
mechanism (3→5) seems to be similar to that of spirodilactone
from 4-oxopimelic acid,9 it is noteworthy that the anhydride
carbonyl carbon of 3 undergoes such an intramolecular dehy-
dration.

The reactivity of the propellane-type trilactone 5 was
investigated. Hydrolysis of 5 in water under reflux for 1 h gave
the original tetracarboxylic acid 2a.  The reaction with two-fold
molar amounts of p-anisidine in DMF at 100 °C for 1 h gave a
single diamide-di(carboxylic acid), 2-(N-(p-methoxyphenyl)-
carbamoylethyl)-2-(N-(p-methoxyphenyl)carbamoylmethyl)-
butanedioic acid (6) (Scheme 3).10 It is worth mentioning that
this propellane-type trilactone 5 underwent regioselective ring
opening upon this reaction.

The trilactone 5 is unique from the viewpoint of both func-
tional group and structure.  There are very few reports on
preparing tris(acyloxy)methane11 and thus far one-step synthe-
ses of propellanes from acyclic compounds have not been
reported at all.12 Further investigations on the reactions of this
propellane-type trilactone 5 using other reagents are currently
in progress.

We thank Dr. Hidetake Seino for the measurement of X-
ray crystallography.
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