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Since its initial synthesis by Eaton in 1964, cubane
and its derivatives have been extensively studied, and
various syntheses have afforded a wide array of func-
tionalities.2 However, the preparation of cubane-con-
taining polymers has only begun to receive attention
since 1996.3°5

The first example of the formation of a cubane-
containing polymer was published by Chauvin,? in
which a metathesis polymerization of 1,4-bis(homoallyl)-
cubane (1) was reported. This technique afforded an
oligomer with 6—7 repeat units, and the authors at-
tributed the lack of elongation of the chain to lack of
solubility.® Soon after, Kakuchi performed polyconden-
sation reactions of cubane-1,4-dicarboxylic acid (2) with
a range of aromatic diamines.* With 9,9'-bis(4-ami-
nophenyl)fluorene (3), they successfully obtained a
polymer of ~25 repeat units, with a PDI of 2.41.
However, this polymer was only soluble in very polar
solvents (i.e., DMF, DMSO).* Recently, Mahkam and
Sanjani reported the synthesis of poly(cubyl cubana-
mide) (P-CCA, 4) via a polycondensation of cubane-1,4-
dicarbonyl chloride (5) with 1,4-diaminocubane (6).5
P-CCA contained ~43 repeat units, but as with the
previous examples, insolubility in nonpolar solvents was
exhibited. These workers were able to obtain a polymer
of ~68 repeat units by the polycondensation of 1,4-
diaminocubane with adipoyl chloride.®

Here, we report the first examples of cubane-contain-
ing polymers where solubility in low-polarity solvents
is not a problem. This was accomplished by tethering a
cubane derivative to the polymer backbone via an ester
linkage. In addition, the thermodynamic behavior of the
polymers is remarkably similar to that of the simple
cubane functionality.
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Commercially available 5-norbornene-2-carboxylic acid
(7: mixture of endo and exo) was reacted via a Vilsmeier
reaction [(COCI),, DMF] to form the acid chloride. This
was subsequently reacted with either cubylcarbinol
(8a)8 or 1-iodo-4-(hydroxymethyl)cubane (8b)8 to form
the corresponding norbornene esters 9a’ and 9b.8 The
products exist as mixtures of endo and exo adducts,
which could be separated via column chromatography.
However, for the purpose of polymerization, the separa-
tion was not performed, and the purified mixture of
diastereomers was used. Reacting norbornene 9a with
Grubbs catalyst in a ROMP reaction'® in THF under
N, for 24 h at room temperature afforded polymer 10a
upon precipitation with pentane. This reaction was
repeated using norbornene 9b and polymer 10b was
obtained. In the synthesis of 10b, a ratio of ~65:1 of 9b
to catalyst was used, and ultimately the polymer
exhibited a molecular weight (GPC using polystyrene
standards) of M, = 2.7 x 10* (calculated M,, = 23 989)
and PDI = 1.11. This corresponds to ~71 units. In the
formation of polymer 10a, a ratio of ~88:1 of 9a to
catalyst was used. This produced a polymer of M,, =
3.6 x 10* (calculated M,, = 21 479), PDI = 1.26, and
~143 units. Neither polymer exhibited a glass transition
or melting temperature. TGA revealed that 10a and 10b
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Scheme 1. Synthesis of Cubane-Containing
Norbornene Polymers®
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undergo a 10% weight loss at 383 and 250 °C, respec-
tively (Figure 1).

The weight losses from the TGA curves correspond
to the loss of the carboxyl group as well as the cubane
functionality. The loss of tethering groups from polynor-
bornenes has been reported in the past, and their TGA
resembles the decomposition of polymer 10a.1* However,
the rapid decomposition of polymer 10b was rather
startling. Examples of the greater stability of non-iodo-
functionalized cubane derivatives have been reported
in the past;12 however, the route of decomposition has
never been ascertained.

Upon heating neat 8b, the solid melts and then
gradually darkens until vigorous decomposition occurs
at ~250 °C. This appears to correspond with the
exotherm detected in the DSC at 253 °C and the rapid
loss of mass in the TGA. The presence of I, and HI was
detected in the resulting decomposed product.’® With
8a, the solid melts and, upon further heating, evapo-
rates. This suggests that the thermodynamic behavior
of cubane-containing polymers is similar to that of the
simple cubane precursor and that they might ultimately
be useful for the synthesis of a variety of potentially
explosive cubane polymers.

To determine whether reactions could be performed
on polymer 10b so that other functionalities eventually
could be attached to the cube, 10b was reacted with
lithium di-tert-butyl dibenzylide and quenched with
MeOH to give polymer 10a.1* Thus, we believe that the
replacement of iodine by alternative electrophiles could
ultimately deliver a range of cubane-containing nor-
bornene-derived polymers.

In conclusion, two cubane-containing norbornene
polymers have been synthesized. These represent the
first examples of high molecular weight cubane-contain-
ing polymers where the products have significant sol-
vent solubility. The polymers have been shown to
behave thermally like simple cubane derivatives. The
conversion to a range of functionalized cubane moieties
by lithiation of 10b and subsequent addition of a variety
of electrophiles is in progress.
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Figure 1. TGAs of polymers 10a and 10b.
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