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Abstract — The title 1,6-methano[l0]annulene-fused and 2,4-dimethyl-7,12-
methano-3H-cyclohepta[10]annulen-3-one-fused  10H-pyrrolo[1,2-a]perimidin-
10-ones, denoted by 2 and 3, respectively, were synthesized. A novel and efficient
synthetic method involving tandem [4 + 3] cycloaddition and 107-
electrocyclization was developed for constructing the 2,4-dimethyl-7,12-methano-
3H-cyclohepta[10]annulen-3-one skeleton toward the synthesis of 3 from 6H-
cyclohepta[c]furan-5,7-dicarbaldehyde (5). Spectroscopic properties of 2 and 3

were also described in relation to the tropone-fusion.

This paper is dedicated to Dr. Albert Padwa on the occasion of his 75th birthday

Recently, Zuo et al. and we reported the synthesis of 1,6-methano[10]annulene-3,4-dicarboximides (1).12
We also disclosed that most imides having the general structure 1 exhibited the emission of green light in
a narrow range of 467—472 nm upon excitation and that their emission quantum yields depended on the

substituent on the nitrogen atom.? In order to develop materials having a 1,6-methano[10]annulene-3,4-
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dicarboximide skeleton with emission of longer wavelength light, we have been interested in m-extended
derivatives of 1, namely 1,6-methano[l0]-annulene-fused and 2,4-dimethyl-7,12-methano-3H-
cyclohepta[10]annulen-3-one-fused ~ 10H-pyrrolo[1,2-a]perimidin-10-ones, 2 and 3.2 In this
communication, we describe the synthesis and spectroscopic properties of 2 and 3. Furthermore, this
study highlights the development of a novel synthetic method for constructing the 2,4-dimethyl-7,12-
methano-3H-cyclohepta[ 10]annulen-3-one-fused 1,6-methano[10]annulene skeleton toward the synthesis

of 3.

The synthesis of 2 was achieved by condensation of 1,6- NH, NH,
methano[ 10]annulene-3,4-dicaboxylic anhydride (4)** with 1,6- o
diaminonaphthalene as shown in Scheme 1. Compound 2 was \/ o 2
obtained as red microcrystals in 68% yield.* On the other hand, 5 68%
4
the synthesis of 3 was accomplished in six steps starting from
6H-cyclohepta[c]furan-5,7-dicarbaldehyde (5)° as shown in Scheme 1. Synthesis of 2 from 4
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Scheme 2. Synthesis of 3 from 5
Scheme 2. Consecutive Horner—Wadsworth—Emmons olefinations of 5 gave 6 in an overall yield of 86%.
The treatment of 6 with 2,4-dibromo-3-pentanone in the presence of KI/Cu in refluxing acetonitrile gave
8° in 55% yield. This conversion involved a [4 + 3] cycloaddition” at the furan ring of 6, forming the
tetrahydroheptalenone skeleton of intermediate 7, followed by a thermal 10m-electrocyclization and
subsequent dehydrobromination of 7, leading to the formation of the methano[10]annulene core.

Treatment of 8 with fluorosulfonic acid facilitated not only the dehydration of the ether linkage in the
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seven-membered ring of 8 but also concomitant formation of an anhydride group to give 9 in 87% yield.
Finally, condensation of 9 with 1,6-diaminonaphthalene in refluxing DMF afforded 3 as deep red
microcrystals in 95% yield. It should be noted that the series of reactions in Scheme 2 represents a novel
and efficient method for constructing a tropone-fused 1,6-methano[10]annulene framework. Although we
had already reported the synthesis of 3,4-tropono-1,6-methano[10]annulene,® the method developed in
this study provides an efficient alternative route to this ring system. Since a furan ring can be transformed
into various functional groups, such as dialdehydes, lactones, and acetals, the utility of this method could
be extended to the synthesis of 3,4,8,9-functionalized 1,6-methano[ 10]annulenes.

The UV—vis absorption and emission spectra of 2 and 3 are shown in Figures 1 and 2, respectively. The
UV-vis absorption spectra in CH,Cl, show main absorption maxima at 291 and 486 nm for 2 and at 334
and 494 nm for 3. The shorter wavelength bands of 2 and 3 exhibit relatively large intensities and a large
difference of 42 nm, while the longer wavelength bands exhibit small intensities and a modest difference
of only 8 nm, suggesting that the latter bands are derived from excitation of the common chromophore,
the pyrrolo[1,2-a]perimidin-10-one fragment, in 2 and 3. In other words, the fused tropone does not have

a significant effect on the shift of the long wavelength absorption. Compound 2 exhibits emission at 456
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Figure 2. Absorption and emission spectra of 3 in
CH,Cl,; The absorption spectrum by a blue line,
the normalized emission spectrum upon excitation
at 334 nm by a red line, the normalized emission
spectrum upon excitation at 494 nm by an orange
line

Figure 1. Absorption and emission spectra of 2 in
CH,Cl,; The absorption spectrum by a blue line,
the normalized emission spectrum upon excitation
at 291 nm by a red line, the normalized emission
spectrum upon excitation at 486 nm by an orange
line

and 561 nm upon excitations at 291 and 486 nm, respectively. Interestingly, these two emission peaks are
observed upon excitations at 322 nm at a time (vide infra). Following excitations at 334 and 494 nm,
compound 3 exhibits emission at 501 and 561 nm, respectively. The emission curve resulting from
excitation at 334 nm additionally includes the 561 nm peak at its foot slope. These emission behaviors of
2 and 3 are in contrast to those of 1, which emit light only from the lowest excited state. Emission
quantum yields upon excitation at 356 nm were determined to be 4.8 x 10~ for 2 and 1.1 x 10™* for 3,
which are far smaller than those of 1.2 In acidic media, UV-vis absorptions of 2 and 3 vary. In a solution
of 1% CF3;CO,H in CH,Cl,, 2 and 3 show three and two distinct absorption bands in the range 250—400

nm, respectively, and their long wavelength absorptions appear as broad bands (Figures 3 and 4).
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Figure 3. Absorption (blue) and normalized Figure 4 . Absorption (blue) and normalized
emission (green) spectra of 2 in 1% CF;CO,H- emission (green) spectra of 3 in 1% CF;CO,H-
CH,Cl,. The emission spectrum was recorded CH,Cl,. The emission spectrum was recorded
upon excitation at 322 nm upon excitation at 372 nm
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Figure 5. Emission spectra of 2 upon excitation Figure 6. Emission spectra of 3 upon excitation
at 322 nm in CH,Cl,(blue line), 0.01% CF;CO,H- at 372 nm in CH,Cl,(blue line), 0.01% CF;CO,H-
CH,Cl,(red line), 0.1% CF;CO,H-CH,Cl,(yellow CH,Cl,(red line), 0.1% CF;CO,H-CH,Cl,(yellow
line), and 1% CF;CO,H-CH,Cl,(green line) line), and 1% CF;CO,H-CH,Cl,(green line)

Emissions of 2 and 3 in this solvent system also vary. Compound 2 exhibits emission at 480 nm upon
excitation at 322 nm and 3 emits at 496 nm upon excitation at 372 nm. It is noteworthy that the emission
of 2 changes dramatically depending on the concentration of CF3CO,H in CH,Cl,,'® while the emission of
3 does not (Figures 5 and 6). This suggests that compound 2 can be used for sensing an acid in an organic
solvent by monitoring its emission spectrum, though it is not yet clear why such a drastic quenching of
the emission of 2 occurs by simply adjusting the pH. Further structural modifications to 2 and analyses of
the spectroscopic properties of the resulting analogs are currently in progress.

In conclusion, we have synthesized the title 10H-pyrrolo[1,2-a]perimidin-10-one derivatives, 2 and 3. For
the synthesis of 3, we have developed a novel and efficient synthetic method involving tandem [4 + 3]
cycloaddition and 10m-elctrocyclization reactions for construction of the tropono-1,6-

methano[10]annulene skeleton from 6H-cyclohepta[c]furan-5,7-dicarbaldehyde (5). The absorption and
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emission properties of 2 and 3 were also studied to evaluate the effects of the fused tropone. Incorporation

of this fused ring onto 2 brought about restraint in quenching of the emission by protonation, and also

resulted in a reduction in quantum yield.
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Figure 7. Assignment of proton signals for 2 (left) and 3 (right).
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