
Polymers containing trifluoromethyl (CF3)-substituted
donor–acceptor NBD moieties in the side chain or in the main
chain were synthesized by substitution or addition with CF3-
NBD-carboxylic acid derivatives, or by polycondensation of
CF3-NBD-dicarboxylic acid derivatives, and the durability of
the resulting polymers was examined.

Photochemical valence isomerization between norbornadi-
ene (NBD) and quadricyclane (QC) is of interest as a solar
energy conversion and storage system,1 because photoenergy
can be stored as strain energy (about 20 kcal/mol) in a QC mol-
ecule (Scheme 1).  Recently, this photochemical reaction has
also been investigated as an optical waveguide utilizing pho-
toinduced refractive index changes2a,b or as a photochromic sys-
tem potentially applicable to data storage.2c

Taking these unique characteristics of NBD into account,
polymers containing NBD moieties have been investigated.
However, the photoreactivity and the fatigue resistance of these
polymers were insufficient for practical use as advanced materi-
als.3 Recently, we reported the synthesis of CF3-substituted
donor–acceptor NBD (CF3-NBD) derivatives which not only
absorb visible light efficiently but also exhibit efficient fatigue
resistance.4 Therefore, we now synthesized new photoreactive
polymers containing CF3-NBD moieties.

The NBD monomers, namely, NBD carboxylic acid 1 and
NBD dicarboxylic acid 2, were synthesized from cyclopentane-
dione derivative 3 as shown in Scheme 1.5

Polymers containing CF3-NBD moieties in the side chain
were synthesized according to Scheme 2.5 The reactions of NBD
carboxylic acid 1 with poly(chloromethylstyrene),3b poly(2-
chloroethyl vinyl ether) 3c, and poly(glycidyl methacrylate) 3d pro-
ceeded smoothly using tetrabutylammonium bromide as a catalyst
in DMF to give the corresponding polymers P-1, P-2, and P-3 in
80, 83, and 82% yields, respectively.  To P-1, P-2, and P-3, NBD
carboxylic acid was found to be introduced in 100, 93, and 100%
yield, respectively. 6 These results show that CF3-NBD moieties
could be readily introduced in the side chain of many polymers.

Next, we synthesized polymers containing CF3-NBD moi-
eties in the main chain as shown in Tables 1 and 2. 5 Polyamide
P-4 was synthesized by polycondensation of the bis(4-nitro-
phenyl) ester 4, obtained from NBD dicarboxlic acid 2, with
trans-1,4-diaminocyclohexane as diamine.7 The yield and the Mn
of P-4 were 82% and 17800, respectively. 8 This polyamide was
also synthesized from 2 with diamine using DPPA as condensa-
tion reagent; the yield and the Mn were 88% and 42,900, respec-
tively.  Polyester was synthesized by polycondensation of 2 with
diol using hafnium chloride as the Lewis acid catalyst.9 The
yield and the Mn of P-5 were 82% and 39,300, respectively. On
the other hand, when the reaction was carried out using WSCD
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as condensation reagent, the Mn of P-5 was 18,300.
As shown in Figure 1 and Table 3, these polymers had a

large absorption band in the visible region.
We also examined the durability of the CF3-NBD moieties

in the polymer for repeated cycles of interconversion.
Recently, we reported that CF3-NBD derivatives had efficient
fatigue resistance.4 As shown in Figure 2, the CF3-NBD moi-
eties in P-3 possessed good fatigue resistance and the degrada-
tion of the NBD moieties was 55% after 1000 cycles.10

In conclusion, polymers containing CF3-NBD moieties in
the side chain or in the main chain were synthesized by substi-
tution or addition of CF3-NBD carboxylic acid derivatives, or
by polycondensation of CF3-NBD dicarboxylic acid deriva-
tives, respectively.  These polymers had a large absorption band
in the visible region.  The CF3-NBD moieties in these polymers
showed resistivity to repeated cycles of interconversion.
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