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Abstract: A series of 9,9'-spirobifluorene-derived N-heterocycles were prepared by the
reactions of 8,9-dihydrospiro(benzo[b]fluorene-11,9'-fluoren)-6(7H)-one and 8,8',9,9'-
tetrahydro-11,11'-spirobi(benzo[b]fluorene)-6,6'(7H,7'H)-dione with a series of 2-amino-
arenecarbaldehydes such as 2-aminobenzaldehyde, 2-aminonicotinealdehyde, 1-amino-2-
naphthaldehyde, and 8-aminoquinoline-7-carbaldehyde. In addition to the absorption
maxima based on the parent 9,9'-spirobifluorene skeleton in the 225-234, 239-280,
296-298, and 308-328 nm regions, the absorptions due to the m-m* transitions of the
heterocycles were observed in the 351-375 nm region in the UV absorption spectra. All the
compounds showed strong photoluminescences in the 390-430 nm region.

Keywords: 9,9'-spirobifluorene; quinoline; 1,8-naphthyridine; benzo[/]quinoline;
1,10-phenanthroline; XRD; photoluminescence

1. Introduction

9,9'-Spirobifluorene (1) as well as its derivatives have been of interest due to their characteristic
structures [1], of which the early studies were focused not only on the molecular recognition of various
a-aminoalcohols by 9,9'-spirobifluorene-based crown ethers [2,3] and of monosaccharides by dendritic
cleft receptors [4-6], but also on the inclusion of compounds with hydrocarbons [7], carbohydrates [8,9],
and a-hydroxycarboxylates [10]. However, interest in 9,9'-spirobifluorenes, especially 9,9'-spirobifluorene-
based oligomers, as well as polymers has recently switched to applications in molecular electronic
devices for light emitting devices [11-16], hybrid porous solid [17] and catalysis [18].
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Nevertheless, only a few of monomeric 2,2'-di(heteroaryl)-9,9'-spirobifluorenes such as
2,2'-di(benzo[/]quinol-2-y1)-9,9'-spirobifluorene [19], 2,2'-di(1,10-phenanthrol-2-yl1)-9,9'-spiro-
bifluorene [20,21], 2,2',7,7'-tetra(benzo[/k]quinol-2-y1)-9,9'-spirobifluorene [22], and 2,2'-di-(benzo-
[b]-1,10-phenanthrolin-2-y1)-9,9'-spirobifluorene [23] have been reported, and even fewer
monoazaaryl-9,9'-spirobifluorenes, such as 2-(4-phenylquinol-2-yl)-9,9'-spirobifluorene [24] and a
series of 2-(azaar-2-yl)-9,9'-spirobifluorenes [25] were reported. Even though some of these showed
promising photophysical properties for OLED applications, no systematic approaches for the
preparation or for the examination of their properties of monomeric 9,9'-spirobifluorene-based
heteroaromatics have been pursued as yet. Our interest in the preparation and properties of
9.,9'-spirobifluorene-derived polydentates [23,25] encouraged us to thus study a series of 3,2"-annulated
2-(azaheteroar-2"-yl)-9,9'-spirobifluorenes and 3,2";3',2"-annulated 2,2'-di(azaheteroar-2"-yl)-9,9'-
spirobifluorenes.

2. Results and Discussion
2.1. Synthesis

Synthesis of 9,9'-spirobifluorene-derived N-heterocycles was straightforward, as shown in
Schemes 1 and 2. Friedldnder condensation of 3 with a series of o-aminoaldehydes 4 such as
2-aminobenzaldehyde [26], 2-aminonicotinaldehyde [27], 1-aminonaphthalene-2-carbaldehyde, and
8-aminoquinoline-7-carbaldehyde [28], afforded the corresponding heteroaromatics S5 with a
9,9'-spirobifluorene skeleton in 76%—-82% yields.

Scheme 1. Synthesis of annulated monoazaar-2-yl-9,9'-spirobifluorenes.
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Scheme 2. Synthesis of annulated 2,2'-di(azaar-2-y1)-9,9'-spirobifluorenes.

Similarly, the same Friedlinder reaction of the diketone 6 [2] with a series of
o-aminoarenecarbaldehydes afforded the corresponding ligands 7 in 75%—82% yields. The prerequisite
ketones 3 and 6 were prepared by polyphosphoric acid (PPA)-catalyzed Friedel-Crafts acylation
of known 4-[9,9'-spirobi(fluoren)-7-yl]butanoic acid (2) and 4,4'-(9,9'-spirobi[ fluorene]-7,7'-diyl)dibutanoic
acid [2] in 70% and 78% yields, respectively.

2.2. Structural and Thermal Properties

The crystallinity of 5 and 7 was accessed by XRD (X-ray diffraction) as shown in Figure 1. All the
X-ray diffractograms of the monoheteroaryl systems Sa,d, including 5b,c (not shown) showed
numerous distinctive peaks indicating sharp crystalline nature while those of diheteroaryl systems 7a,d
showed a characteristic amorphous halo and were free from any type of crystalline peaks.

Figure 1. X-ray diffractograms of selected compounds 5a, 5d, 7a, and 7d in powder state.
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The thermal behaviors of 5 and 7 were analyzed by differential scanning calorimetry (DSC). All the
compounds exhibited a single sharp endothermic peak at the melting points. However, neither glass
transition temperatures (Tg) nor crystallization temperature (Tc) were observed for any of the compounds.
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2.3. Spectroscopic Properties

2D and DEPT NMR experiments and comparison with the NMR data of the parent
9,9'-spirobifluorene [29] and related compounds reported previously [23,25] allowed us to assign all
the proton resonances of the products, which are summarized in Table 1. Some proton resonances were
characteristic enough to provide a probe for the suggested structure. The resonances of H4 of the 9,9'-
spirobifluorene moiety were generally deshielded by the neighboring N in the cavity, and thus
resonated in the 6 9.01-9.38 region, showing significant down-field shifts by Ad 1.17-1.54 ppm as
compared with the parent 9,9'-spirobifluorene. On the other hand, the H1, H8, H1', and H8' protons of
the 9,9'-spirobifluorene moiety were upfield-shifted due to the anisotropic effect of the two
neighboring phenyl groups, and thus resonated in the & 6.52—6.87 range. The H1 resonances of 5 and 7
were upfield-shifted by Ad 0.05-0.21 ppm, except in 7¢, while those of the HS protons of 7 are slightly
downfield-shifted compared to the corresponding proton resonance of the parent 9,9'-spirobifluorene.
Additionally, the protons at the peri-position (H7") of 5a and 7a resonated at & 8.21 and 8.22,
respectively, and H10" of the benzo[A]quinoline moiety of S¢ and 7c¢ resonated at 6 9.62 and 9.63,
respectively, as a doublet of doublets (*.J = 7.8 Hz and *J = 1.0 Hz), evidencing the anisotropic effect
of the neighboring pyridine as well as the electronic influence of the lone pair electrons on the central
N. In addition, the protons adjacent to nitrogen (H7" of Sb and 7b, H9" of 5d and 7d) give one of the
characteristic chemical shifts (6 9.08 and 9.09 for H7" and 9.26 and 9.28 for H9", respectively) as well
as relatively small and characteristic >J coupling constants (*J = 4.3 Hz) [30]. Similar characteristic
proton resonances for selected protons were also observed in the '"H-NMR spectra of 7.

Table 1. Selected proton resonances for compounds 5 and 7.

H1* H4 HS HI' H7" HS" H9" HIO"
1 763 7.84[29] - - ] ] - -
52 6.62 9.01 672 6.78 . 8.21 ; .
5b 660 9.25 672 678  9.08 - - -
5¢ 6.2 9.22 672 6.78 - 772 784  9.62
54 6.62 9.34 671 678 825 764 926 ;
7a  6.67 9.05 6.79 ; . 8.22 ; .

7b 6.69 9.28 6.80 6.69 9.09 - - -
Tc 6.74 9.25 6.87 6.74 8.18 7.73 7.84 9.63
7d 6.68 9.38 6.80 - 8.26 7.65 9.28 -

* Numbering pattern and numbering were shown in Scheme 1.

UV absorption spectra of 9,9'-spirobifluorene (1) and its derivatives 5 and 7 were obtained in 95%
EtOH (1.0 x 107> M) at 298 K (Figure 2) and results are summarized in Table 2. Five major absorption
maxima due to the n-nt* transition were observed in the 225-234, 239-280, 296298, 308-328, and
351-375 nm regions. The wavelength of the absorption maximum is highly dependent on the nature of
the heterocycles attached to the 9,9'-spirobifluorene core. The systems with benzo[/]quinoline(s)
(compounds S5c¢ and 7¢), and 1,10-phenanthroline(s) (compounds 5d and 7d) showed additional
absorptions in the 351-375 nm range, which were not observed in the parent 9,9'-spirobifluorene,
indicating that these absorptions were from the n-n* transitions of the heterocycles in the system. Such
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absorptions in compounds with more aromatic rings such as Se¢,d and 7¢,d were resolved to show two
absorptions in the 351-357 and 359-375 nm regions, respectively, presumably due to the extended
delocalization of m-electrons.

Table 2. UV absorption and fluorescence spectral data of spirobifluorene, 5 and 7.

Comp Amax/nm (1 % 10~° M in 95% EtOH, log ¢) Aem/NNIM
1 225 (4.65) 239 (4.40) 272 (4.29) 296 (3.92) 308 (4.11) 388 (308)
5a 213 (4.97) 265 (5.00) 296 (4.53) 308 (4.46) 343 (sh, 4.28) 357 (4.44) 390 (357)
5b 219 (4.99) 258 (4.95) 296 (4.45) 308 (4.38) 326 (4.45) 367 (4.48) 430 (367)
5c 214 (4.91) 246 (sh, 4.96) 280 (4.70) 293 (4.66) 309 (4.96) 324 (4.31) 392 (373)
355 (4.35) 373 (4.50)
212 (4.96) 234 (4.90) 243 (4.93) 252 (4.91) 297 (4.77) 308 (4.63) 351 (4.34)
5d 367 (4.43) 395 (367)
7a 214 (4.90) 265 (5.00) 295 (4.48) 343 (sh, 4.80) 359 (4.63) 395 (359)
7b 216 (4.92) 258 (4.98) 293 (sh, 4.48) 328 (4.40) 370 (4.67) 395 (370)
7c 214 (4.81) 244 (4.95) 283 (4.67) 315 (4.41) 323 (4.40) 357 (4.40) 374 (4.22) 390 (357)
7d 214 (4.84) 242 (4.97) 252 (4.94) 297 (4.82) 352 (4.45) 369 (4.61) 397 (369)

* Number in parenthesis is the excitation wavelength for each compound.

The photoluminescence (PL) of 1, 5, and 7 at 298 K was studied in EtOH (1.0 x 10~ M) to show
strong emissions in a 390-430 nm range of, but no correlation between emission maxima and the
nature of the heteroaryl skeletons were observed.

Figure 2. UV absorption spectra of 1, 5 and 7 in 95% EtOH (1.0 x 107> M).
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3. Experimental
General

Melting points were determined using a Fischer-Jones melting point apparatus and DSC with tin
(mp 232.52 °C) as a standard. IR spectra were obtained using a Perkin-Elmer 1330 spectrophotometer.
NMR spectra were obtained using a 250 or 600 MHz Bruker-250 spectrometer for 'H-NMR and 62.5
or 150 MHz for *C-NMR, respectively, and are reported as parts per million (ppm) from the internal
standard tetramethylsilane (TMS) peak. The two-dimensional and DEPT NMR spectra were recorded
using Bruker’s standard pulse program. UV absorption spectra were recorded on a JASCO-V550
spectrophotometer and emission spectra on a Perkin Elmer LS50B luminescence spectrometer.
Electrospray ionization (ESI) mass spectrometry (MS) experiments were performed on a LCQ
advantage-trap mass spectrometer (Thermo Finnigan, San Jose, CA, USA). Elemental analyses were
taken on a Hewlett-Packard Model 185B elemental analyzer. XRD analysis was performed by X-ray
Diffractometer (Model: MPD for bulk, PANalytical, Westborough, MA, USA) with nickel-filtered
CuKa radiatiuvon (30 kV, 30 mA) at 26 angles ranging from 10° to 90°, a scan speed of 10°/min and a
time constant of 1 s. Thermal behaviors of the compounds were analysed using differential scanning
calorimeter (DSC QO00) with 1~2 mg of sample sealed in alumina in the range of 40-385 °C increasing
temperature in a rate of 10 °C/min. An empty pan was used as a reference, and the DSC baseline,
temperature, and enthalpy was calibrated. A nitrogen flow rate for the each scanning
calorimetric run was 50 mL/min. The starting 4-[9,9'-spirobi(fluoren)-7-yl]butanoic acid (2) [2],
o-aminoarenecarbaldehydes [26-28], and diketone (6) [2] were prepared by employing previously
reported methods. Chemicals and solvents were of commercial reagent grade and used without further
purification. The abbreviations q, np, bg, and phen were used for quinoline, 1,8-naphthyridine,
benzo[/]quinoline and 1,10-phenanthroline, respectively.

8,9-Dihydrospiro(benzo[b]fluorene-11,9'-fluoren)-6(7H)-one (3). A solution of 4-[9,9'-spirobi-
(fluoren)-7-yl]butanoic acid [2] (0.30 g, 0.75 mmol) in PPA (60 mL) was heated for 40 min and
poured to ice water. The precipitate formed was collected and chromatographed on silica gel eluting
with CH,Cl, to give pale yellow needles (0.20 g, 70%): m.p. 187189 °C. '"H-NMR (CDCl;, 250 MHz)
0 8.50 (s, 1H, H5), 7.84 (m, 3H, H4, H4', H4"), 7.38 (m, 3H, H3, H3', H3"), 7.11 (m, 3H, H2, H2', H2"),
6.72 (m, 3H, H1, H1', H1"), 6.62 (s, H10), 2.74 (t, 2H, J = 6.5 Hz), 2.64 (t, 2H, J = 6.5 Hz), 2.04 (t, 2H,
J=6.5 Hz). "C-NMR (CDCls, 62.5 MHz) & 200.23, 148.09, 148.94, 148.86, 141.73, 141.67, 141.21,
139.91, 127.97, 127.80, 127.65, 127.62, 127.44, 124.06, 123.97, 123.92, 119.92, 119.85, 119.70, 65.90,
35.07, 33.16, 26.15.

6',7'-Dihydrospiro(fluorene-9,9'-fluorneo/2,3-cJacridine) (5a). A mixture of ketone 3 (384 mg,
1.00 mmol) and 2-aminobenzaldehyde (4a, 133 mg, 1.10 mmol) and in absolute EtOH (20 mL)
containing saturated alcoholic KOH (1 mL) was refluxed for 5 h. Upon cooling the reaction mixture, a
solid was formed, which was collected as a pure yellow crystalline solid product (354 mg, 80%): mp
313.35 °C. IR (KBr) v 3056, 1593, 1445, 1429 824 cm™'. '"H-NMR (CDCls, 600 MHz) & 9.01 (s, 1H,
H4), 8.21 (d, /= 8.2 Hz, 1H, H8 of q), 8.05 (d, /= 7.5 Hz, 1H, HS5 of q), 7.90 (s, 1H, H4 of q), 7.85 (d,
2H, J=17.8 Hz, H4' and HYS"), 7.75 (d, 1H, J = 8.0 Hz, HS), 7.68 (td, 1H, J= 8.2, 1.5 Hz, H7 of q), 7.48
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(t, J= 7.8, 1.5 Hz, H6 of q), 7.40 (td, 1H, J = 8.0, 0.8 Hz, H6), 7.37 (td, 2H, J = 7.8, 1.2 Hz, H3' and
H6"), 7.14 (td, 1H, J = 8.0, 0.8 Hz, H7), 7.12 (td, 2H, J= 7.8, 1.2 Hz, H2’ and H7"), 6.78 (d, 2H, J= 7.8 Hz,
H1' and HS'), 6.72 (d, 1H, J = 7.8 Hz, H8), 6.62 (s, 1H, H1), 3.03 (¢, 2H, J = 6.5 Hz), 2.79 (t, 2H,
J=6.5 Hz). "C-NMR (CDCls, 62.5 MHz) 8 153.63, 150.53, 148.92, 148.61, 147.70, 141.80, 141.73,
139.65, 134.76, 133.68, 130.70, 129.36, 127.88 (two C’s), 127.82, 127.75, 127.68, 65.89, 28.78, 28.69.
MS (ESI): m/z = 470 [M+H]", Anal. Caled for C3HxN: C, 92.08; H, 4.94; N, 2.98. Found: C, 90.95;
H, 4.92; N, 2.90.

6',7'-Dihydrospiro(fluorene-9,9'-indeno[2',1':6,7 [naphtho[1,2-b]-1,8-naphthyridine) (Sb). The same
procedure described above but with 2-aminonicotinaldehyde (4b) afforded the desired product as pale
yellow needles (82%): m.p. 339.03 °C. 'H-NMR (CDCls, 250 MHz) & 9.25 (s, 1H, H4), 9.08 (dd,
J=4.3,2.0 Hz, 1H, H7 of np), 8.09 (dd, J = 8.3, 1.5 Hz, 1H, H5 of np), 8.04 (d, /= 8.5 Hz, 1H, HYS),
7.90 (s, H4 of np), 7.86 (d, 2H, J = 7.5 Hz, H4' and HY5'"), 7.44-7.34 (m, 4H, H6, H3', H6', H6
of np), 7.11 (td, 2H, J = 7.5, 0.8 Hz, H2' and H7"), 7.10 (dd, 1H, J = 7.5, 0.8 Hz, H7), 6.78 (d, 2H,
J=7.5Hz, H1' and HY"), 6.72 (d, 1H, J = 7.5 Hz, H8), 6.60 (s, 1H, H1), 3.06 (t, 2H, J = 6.7 Hz), 2.81
(t, 2H, J = 6.7 Hz). "C-NMR (CDCls, 62.5 MHz) & 153.62, 150.52, 148.92, 148.61, 147.70, 141.80,
141.73, 141.29, 139.65, 134.58, 133.68, 130.70, 129.36, 128.72, 127.88 (two C’s), 1 27.82, 127.74,
127.68, 126.95, 126.07, 124.23, 123.86, 123.39, 120.57, 120.00, 117.64, 65.89, 28.78, 28.68. MS
(ESI): m/z = 471 [M+H]+, Anal. Calcd for C35H,,N, Calced for CssH2oN»*H,O C, 86.04; H, 4.95; N,
5.73. Found: C, 85.59; H, 5.01; N, 5.89.

8,9-Dihydrospiro(benzo[c]fluoreno[3,2-h]acridine-11,9'-fluorene) (5¢). The same procedure described
above for Sa but with 1-aminonaphthalene-2-carbaldehyde (4¢) afforded the desired product as pale
yellow crystalline solid (79%): m.p. 303.65 °C. 'H-NMR (CDCls, 600 MHz) § 9.62 (dd, 1H, J = 7.8,
1.0 Hz, H10 of bq), 9.22 (s, 1H, H4), 8.14 (d, 1H, J= 7.8 Hz, H7 of bq), 7.95 (s, 1H, H4 of bq), 7.93 (d,
1H, J = 8.4 Hz, H5), 7.88 (d, 2H, J = 7.8 Hz, H4' and H5"), 7.84 (td, 1H, J = 7.8, 0.6 Hz, H9 of bq),
7.79 (d, 1H, J=9.0 Hz, H5/H6 of bq), 7.72 (td, 1H, J= 7.8, 1.2 Hz, H8 of bq), 7.66 (d, 1H, J=9.0 Hz,
H6/HS of bq), 7.46 (td, J = 7.5, 1.0 Hz, 1H, H6), 7.40 (td, J = 7.5, 1.0 Hz, 2H, H3' and H6"), 7.14 (m,
3H, H7, H2' and H7"), 6.83 (d, /= 7.5 Hz, 2H, H1' and HS"), 6.76 (d, 1H, J = 7.5 Hz, H8), 6.52 (s, 1H,
H1), 3.09 (t, 2H, J = 6.5 Hz), 2.85 (t, 2H, J = 6.5 Hz). *C-NMR (CDCls, 62.5 MHz) 5 151.82, 150.21,
148.94, 148.64, 145.22, 141.88, 141.72, 141.17, 139.30, 134.97, 134.12, 133.50, 131.80, 130.95,
127.87 (two C’s), 127.83, 127.74 (two C’s), 127.68, 127.23, 126.84, 125.71, 125.01, 124.49, 124.24,
123.92, 123.41, 120.38, 120.00, 117.42, 65.86, 28.62, 28.41. MS (ESI): m/z = 520 [M+H'], Anal.
Calcd for C40HysN-H,0: C, 89.36; H, 5.06; N, 2.61. Found: C, 89.21; H, 4.98; N, 2.64.

8",9"-Dihydrospiro(fluorene-11,9'-indeno[2' 1":6,7naphtha[l,2-b]-1,10-phenanthroline) (5d). The
same procedure described above for 5a but with 8-aminoquinoline-7-carbaldehyde (4d) afforded the
desired product as pale yellow crystalline solids (76%): m.p. 395.05 °C. '"H-NMR (CDCls, 250 MHz) &
9.35 (s, 1H, H4), 9.26 (dd, J = 4.3, 1.8 Hz, 1H, H9 of phen), 8.25 (dd, /= 8.0, 1.8 Hz, 1H, H7 of phen),
8.17 (d, J=17.5 Hz, 1H, H7 of phen), 8.00 (s, 1H, H4 of phen), 7.85 (d, J = 7.5 Hz, 2H, H4' and HYS"),
7.74 (AB quartet, HS and H6 of phen), 7.64 (dd, J = 8.0, 4.3 Hz, 1H, H8 of phen), 7.40 (td,
J=1.5, 1.0 Hz, 1H, H6), 7.37 (td, J= 7.5, 1.0 Hz, 2H, H3' and H6'), 7.12 (td, J = 7.5, 1.0 Hz, 2H, H2'
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and H7"), 7.10 (td, J = 7.5, 1.0 Hz, 1H, H7), 6.78 (d, J = 7.5 Hz, 2H, H1' and H8"), 6.71 (d, J = 7.5 Hz,
1H, HS), 6.62 (s, 1H, H1), 3.10 (dd, J = 7.5, 6.3 Hz, 2H), 2.82 (dd, J = 7.5, 6.3 Hz, 2H). *C-NMR
(CDCLs, 62.5 MHz) § 153.70, 150.51, 150.16, 149.00, 148.50, 146.36, 145.07, 142.16, 141.94, 141.71,
141.33, 139.20, 136.17, 134.65, 134.34, 132.66, 128.62, 128.13, 127.86 (two C’s), 127.70 (two C’s),
127.54, 126.29, 125.94, 124.26, 123.69, 123.11, 122.59, 121.04, 119.95, 118.83, 65.89, 28.68, 28.48.
MS (ESI): m/z = 521 [M+H]", Anal. Caled for C30HasN»:0.75H,0: C, 87.70; H, 4.81; N, 5.24. Found C,
87.78; H, 4.81; N, 5.53.

6,6',7,7"-Tetrahydro-9,9'-spirobi(fluoreno[2,3-c]acridine) (7a). A mixture of ketone 5 (226 mg,
0.50 mmol) and 2-aminobenzaldehyde (4a, 133 mg, 2.20 mmol) in absolute EtOH (20 mL) containing
saturated alcoholic KOH (1 mL) was refluxed for 5 h. Upon cooling the reaction mixture, the solid was
formed, which was collected as a pure pale yellow crystalline solid (82%): m.p. 334.24 °C. "H-NMR
(CDCl3, 300 MHz) 6 9.05 (s, 2H, H4 and H4"), 8.22 (d, 2H, J = 8.4 Hz, H8 of q), 8.08 (d, 2H, J=7.6
Hz, HS of q), 7.91 (s, 2H, H4 of q), 7.75 (d, 2H, J = 8.1 Hz, HS5 and HYS"), 7.71 (td, 2H, J= 7.8, 1.4 Hz,
H7 of q), 7.48 (td, 2H, J = 7.8, 1.4 Hz, H6 of q), 7.42 (td, 2H, J = 8.1, 1.5 Hz, H6 and H6'), 7.14 (td,
2H, J=8.1, 1.2 Hz, H7 and H7"), 6.79 (d, 2H, J = 7.8 Hz, H8 and HS'), 6.67 (s, 2H, H1 and H1"), 3.05
(t, 4H, J = 5.8 Hz), 2.81 (t, 4H, J = 5.8 Hz). C-NMR (CDCls, 62.5 MHz) & 153.62, 150.73, 148.73,
147.70, 141.81, 141.19, 139.75, 134.63, 133.71, 130.72, 129.35, 128.73, 127.89, 127.75, 126.96,
126.09, 124.07, 123.59, 120.60, 117.65, 65.85, 28.76, 28.69. MS (ESI): m/z = 623 [M+H]", Anal.
Calcd for C47H30N»: C, 90.65; H, 4.86; N, 4.50. Found: C, 89.67; H, 5.03; N, 4.65.

6,6',7,7"-Tetrahydro-9,9'-spirobi(indeno[2',1":6,7 [naphtho[1,2-b]- 1,8-naphthyridine) (7b). The same
procedure described above for 7a but with 2-aminonicotinaldehyde (4b) afforded the desired product
as pale yellow crystalline solid (78%): m.p. 303.658 °C. 'H-NMR (CDCls, 250 MHz) & 9.28 (s, 2H,
H4 and H4'), 9.09 (dd, 2H, J = 4.3, 2.0 Hz, H7 of np), 8.11 (dd, 2H, J= 7.5, 2.0 Hz, HS of np), 8.07 (d,
2H, J = 7.5 Hz, H5 and HS'"), 7.92 (s, 2H, H4 of np), 7.438 (td, 2H, J = 7.5, 1.0 Hz, H6 of np), 7.437
(td, 2H, J= 8.1, 1.0 Hz, H6 and H6'"), 7.14 (td, 2H, J= 7.5, 1.0 Hz, H7 and H7"), 6.80 (d, 2H, J = 7.5 Hz,
HS8 and H8'"), 6.69 (s, 2H, H1 and H1"), 3.10 (t, 4H, J = 5.8 Hz), 2.87 (t, 4H, J = 5.8 Hz). >C-NMR
(CDCls, 62.5 MHz) 6 156.77, 155.86, 152.84, 151.61, 148.62, 141.78, 141.38, 139.79, 136.14, 134.50,
134.08, 132.06, 128.15, 127.89, 124.14, 123.59, 122.34, 121.55, 120.75, 118.86, 60.37, 28.56, 28.46.
MS (ESI): m/z = 625 [M+H]", Anal. Calcd for C4sHxsNy: C, 86.51; H, 4.52; N, 8.97. Found: C, 86.67;
H, 4.42; N, 9.05.

8,8".9,9"-Tetrahydro-11,11"-spirobi(benzo[c]fluoreno[3,2-h]acridine) (7¢). The same procedure
described above for 7a but with 1-aminonaphthalene-2-carbaldehyde (4¢) afforded the desired product
as pale yellow crystalline solid (75%): m.p. 395.05 °C. 'H-NMR (CDCls, 600 MHz) & 9.63 (dd, 2H,
J=17.8, 1.0 Hz, H10 of bq), 9.25 (s, 2H, H4 and H4"), 8.18 (dd, 2H, J= 7.5, 1.0 Hz, H7 of bq), 7.95 (s,
2H, H4 of bq), 7.93 (d, 2H, J = 7.8 Hz, H5 and HYS'), 7.84 (td, 2H, J = 7.8, 1.0 Hz, H9 of bq), 7.79 (d,
2H, J = 8.4 Hz, H5/H6 of bq), 7.73 (td, 2H, J= 7.8, 1.0 Hz, H8 of bq), 7.67 (d, 2H, J = 8.4 Hz, H6/H5
of bq), 7.49 (td, 2H, J = 7.7, 1.0 Hz, H6 and H6"), 7.19 (td, 2H, J = 7.7, 1.0 Hz, H7 and H7"), 6.87 (d,
2H, J=".7 Hz, H8 and HY"), 6.74 (s, 2H, H1 and H1"), 3.10 (t, 4H, J = 5.8 Hz), 2.87 (t, 4H, /= 5.8 Hz).
BC-NMR (CDCLs, 62.5 MHz) & 151.84, 150.52, 148.84, 145.26, 141.94, 141.11, 139.42, 135.06,
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134.13, 133.53, 131.84, 130.97, 127.91, 127.83, 127.77 (two C’s), 127.25, 126.85, 125.75, 125.03,
124.52, 124.18, 123.64, 120.41, 117.45, 65.87, 28.66, 28.44. MS (ESI): m/z = 723 [M+H]", Anal.
Calcd for CssH34N4-H,0: C, 89.16; H, 4.90; N, 3.78. Found: C, 89.67; H, 4.92; N, 3.91.

8,8",9,9"-Tetrahydro-11,11"-spirobi(indeno[2',1':6,7|naphtho[1,2-b]-1,10-phenanthroline) (7d). The
same procedure described above for 7a but with 8-aminoquinoline-7-carbaldehyde (4d) afforded the
desired product as pale yellow crystalline solid (80%): m.p. 266.77 °C. "H-NMR (CDCls;, 600 MHz)
0 9.38 (s, 2H, H4 and H4"), 9.28 (dd, 2H, J = 4.5, 1.8 Hz, H9 of phen), 8.26 (dd, 2H, J = 8.1, 1.8 Hz,
H7 of phen), 8.21 (d, 2H, J = 7.5 Hz, H5 and HY5'), 8.01 (s, 2H, H4 of phen), 7.78-7.72 (AB quartet,
4H, H5 and H6 of phen), 7.65 (dd, 2H, J = 8.1, 4.5 Hz, HS of phen), 7.43 (td, 2H, J= 7.5, 1.5 Hz, H6
and H6"), 7.14 (td, 2H, J= 7.5, 1.5 Hz, H7 and H7'), 6.80 (d, 2H, J = 7.5 Hz, H8 and HS'), 6.68 (s, 2H,
H1 and H1'), 3.12 (t, 4H, J = 6.3 Hz), 2.85 (t, 4H, J = 6.3 Hz). "C-NMR (CDCl;, 62.5 MHz) &
151156.76, 155.83, 152.80, 151.47, 148.89, 148.52, 141.74, 141.46, 139.64, 136.11, 134.46, 133.98,
131.01, 128.04, 127.89, 127.77, 124.27, 123.86,, 123.33, 122.31, 121.50, 120.70, 119.99, 118.83,
65.97, 28.54, 28.44. MS (ESI): m/z = 725 [M+H]", Anal. Calcd for Cs3H3,N40.75H,0: C, 86.21; H,
4.57; N, 7.59. Found: C, 86.87; H, 4.62; N, 7.65.

4. Conclusions

A series of 9,9'-spirobifluorene-derived N-heterocycles were prepared from 8,9-dihydrospiro-
(benzo[b]fluorene-11,9'-fluoren)-6(7H)-one and 8,8',9,9'-tetrahydro-11,11'-spirobi(benzo[b]-fluorene)-
6,6'(7TH,7'H)-dione and 2-aminoarenecarbaldehydes such as 2-aminobenzaldehyde, 2-amino-
nicotinealdehyde, 1-amino-2-naphthaldehyde, and 8-aminoquinoline-7-carbaldehyde, respectively. The
monoheteroaryl series was crystalline in nature, while diheroaryl ones showed an amorphous nature. In
addition to the absorptions based on the parent 9,9'-spirobifluorene skeleton in the 225-234, 239-280,
296298, and 308-328 nm regions, absorptions due to the m-m* transition of heterocycles were
observed in the 351-375 nm region. All compounds showed strong photoluminescence in the 390-430
nm region regardless the excitation wavelength.
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