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Abstract — The Friedl&dnder reactions of 4-aminoacridine-3-carbaldehyde with
cyclcoalkane-1,2-diones were examined. The reactions of cycloheptane- and
cycloocatane-1,2-diones  afforded  3,3-tri- and  3,3'-tetramethylene-2-
(pyrid-2'-yl)benzo[b]-1,10-phenanthrolines in 20% and 80%, respectively, while
reactions with butane-2,3-dione, cyclopentane-1,2-dione and cyclohexane-1,2-
dione afforded only unexpected benzo[b]-1,10-phenanthroline.  The
trimethylene-bridge is flexible at room temperature while the tetramethylene
units are rigid enough to magnetically differentiate all the 8 aliphatic protons at
room temperature in NMR time scale even though showing two aliphatic carbon

resonaces as expected.

INTRODUCTION

Creating a new bond at C2 positions of the heterocycles would lead 2,2'-biheterocycles, which have been
attractive not only due to the potentials for conjugated organic z-electron materials® but also the potentials
for metal complex formation. Among them, 2,2'-bipyridine has been mostly studied because of its
potential to form metal complexes as a bidentate ligand and their various properties.? In fact,
2,2'-bipyridine can exist as two conformational isomers such as cis- (1a) and trans-isomer (1b), of which
cis-isomer can only form metal complexes while the trans-conformation is more stable conformer in
solid® as well as in solution.*

Murrell and coworkers studied the *H NMR spectra of 2,2"-bipyridine at various temperatures and they
observed no major changes in the temperature range of -65 °C to 150 °C.*° These observations imply that
a cisoid conformational rigidity can only be imposed either by the introduction of polymethylene units at
C3 and C3'-positions of 2,2'-bipyridine®® or by metal coordinations. Same situation would be applied for

2,2'-biquinoline® and 2,2'-bi-1,10-phenanthroline® and so controlled conformations in a regular fashion.
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We have been involved in studies on the preparation and properties of benzo[b]-1,10-phenanthroline (2)
and related polydentates.® When two molecules of benzo[b]-1,10-phenanthroline are connected at
C2-positions to lead 2,2'-bibenzo[b]-1,10-phenanthroline (3), which can also exist as two conformational
isomers as shown. The cisoid conformation (cis-3a) is expected to be less favorable, but responsible for
coordination. Connection of C3 and C3'-positions by a polymethylene bridge would force tetradentate to

have coordination-favored cisoid conformation.
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We reasoned that double Friedl&nder reactions of 4 with cycloalkane-1,2-diones (5) would lead a series of
3,3'-carbocycle-annulated 2,2'-bibenzo[b]-1,10-phenanthrolines (3). Two equivalents of the Friedlander
synthon 4 was thus condensed with cycloheptane-1,2-dione (5d) and cyclooctane-1,2-dione (5e) in the
presence of catalytic amount of KOH in EtOH to lead the corresponding 3,3-tri- and
3,3'-tetramethylene-2,2'-bibenzo[b]-1,10-phenanthrolines (3d and 3e) in 20% and 80% vyield, respectively.
Low yield of 3d could be explained by formation of benzo[b]-1,10-phenanthroline (2) in 52% yield.
However, the reactions of 4 with cyclopentane- and cyclohexane-1,2-diones (5b,c) did not provide the
corresponding  3,3'-polymethylene-2,2'-bibenzo[b]-1,10-phenanthrolines (3b,c) or mono-condensed
products (6), but instead led complex reaction mixtures. Careful and repeated column chromatography of
the reaction mixtures afforded 2 in approximately 50% yield. Reactions under acidic (p-TsOH) or various
basic (i.e. piperidine) condition’ would not affect the distribution of the products. Similarly, the reaction
of 4 with butane-2,3-dione (5a) also afforded benzo[b]-1,10-phenanthroline (2) in 75% vyield instead of
expected parent non-bridged 2,2'-bibenzo[b]-1,10-phenanthroline (3a) regardless of the equivalencies of 4.
Such results could be explained that the mono-condensed reaction intermediate, 2-acetyl-
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benzo[b]-1,10-phenanthroline, would undergo base-catalyzed deacetylation to lead 2 in the reaction of 4
with 5a. The similar results were previously reported in the Friedlander reactions of pentane-2,4-dione
and triacetylmethane with various ortho-aminoaldehydes.® In addition, base-catalyzed deacetylation of
pentane-2,4-dione® has also been previously reported. A step-wise condensation of 4 with
butane-2,3-dione (5a) in the presence of either p-TsOH or KOH was also failed to afford corresponding
2-acetylbenzo[b]-1,10-phenanthroline, but to give 2 in 35% yield. However, formation of 2 from the

reactions of 4 with 5b,c,d can not be explained in a similar reaction pattern, which is remained to be

explored.
5a X=H, H
b X = CH2
cCX= (CH2)2
2
X
A
O, |
N CHO O o
NH2 5d X = (CHy)s
4 e X = (CH,),

3d X= (CH2)3
e X = (CHy)4

13C NMR spectra of the ligands showed all the carbon resonances as expected except 3d, in which two
a-carbons in the methylene bridge were coincidently resonanced at & 29.93. *H NMR spectra of the
ligands showed one-set of proton resonances, which could be readily assigned by comparing previous
data on benzo[b]-1,10-phenanthroline and related compounds. An examination of the upfield-region of
the 'H NMR spectra for 3c and 3d gives information on the conformation of the ligands. The
trimethylene-bridge protons of the ligand 3d were resonanced at 6 2.86 as a four-proton triplet (J = 7.5
Hz) and 6 2.41 as a two-proton quintet (J = 7.5 Hz) implying that the bridge is flexible at room
temperature in the 'H NMR time scale, thus showing equivalency of the geminal protons on o- or
-methylene groups. However, the geminal protons on the methylene groups of tetramethylene-bridge of

3e showed non-equivalency, thus a doublet of doublet at 5 3.04 with coupling constants of Jgem = 13.7 Hz
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and Jvic = 8.0 Hz, a doublet of doublet at & 2.53 (Jgem = 13.7 Hz and Jyic = 11.3 Hz), two multiplets at
0 2.34-2.27 and 6 1.89-1.80. Conformational rigidity of the tetramethylene-bridge has been observed in
most of the annulated heterocycles.

It is worthy to noting that such a rigidity of the bridge creates a chiral axis through 2,2'-bond of the
molecule, thus compound 3e exists as a mixture of two enantiomers. Attempts to separate each
conformational enantiomer were not as yet successful.

In conclusion, double Friedlander reactions of 4-aminoacridine-3-carbaldehyde with cycloheptane- and
cycloocatane-1,2-diones afforded 3,3'-tri- and 3,3'-tetramethylene-2-(pyrid-2'-yl)benzo[b]-1,10-phenan-
throlines, respectively, while reactions with butane-2,3-dione, cyclopentane-1,2-dione and
cyclohexane-1,2-dione afforded only unexpected benzo[b]-1,10-phenanthroline. The trimethylene-bridge
is flexible at room temperature to show a 4-proton triplet and a 2-proton quintet while the tetramethylene
unit is rigid enough to magnetically differentiate all the 8 aliphatic protons at room temperature in NMR
time scale. Synthesis of designed ligands by an alternative route, resolution of enantiomers of
tetramethylene-bridged system and studies on the metal complexes of the ligands are ongoing and results

will be reported in due course.

EXPERIMENTAL

Melting points were determined using a Fischer-Jones melting points apparatus and are not corrected.
NMR spectra were obtained using a Bruker-250 spectrometer 250 MHz for *H NMR and 62.5 MHz for
3C NMR and are reported as ppm from the internal standard TMS. Chemicals and solvents were
commercial reagent grade and used without further purification. The starting 4-aminoacridine-
3-carbaldehyde,®® cycloalkane-1,2-diones™ were prepared by employing previously reported methods.
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.

Reaction of 4 with 5a

A mixture of 4 (0.90 g, 4.0 mmol) and butane-2,3-dione (5a) (0.17 g, 1.98 mmol) in absolute EtOH (20
mL) with saturated alcoholic KOH (1.0 mL) was refluxed for 20 h. Evaporation of the solvent under
reduce pressure gave a brown oily material, which was chromatographed on silica gel eluting with
CH,Cl,, followed by CH,CIl;:MeOH (9:1). The early fractions (Rt = 0.80) of CH,Cl,;:MeOH (9:1)
afforded 0.34 g (75%) of 2 as pale yellow needles after recrystallization from petroleum ether:CH,Cl,
(1:1): mp 113-114 °C (lit..® mp 113-114 °C, lit.,™* mp 113 °C). All spectral data are identical to those in

the literatures.
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Reaction of 4 with 5b
The same procedure described above for the reaction of 4 and 5a was applied to 4 (0.45 g, 2.0 mmol) and
cyclopentane-1,2-dione (5b) (0.10 g, 1.0 mmol) afforded 0.12 g (52%) of 2: mp 113-114 °C.

Reaction of 4 with 5c
The same procedure described above for the reaction of 4 and 5a was applied to 4 (0.45 g, 2.0 mmol) and
cyclohexane-1,2-dione (5¢) (0.11 g, 0.98 mmol) afforded 0.11 g (49%) of 2: mp 113-114 °C.

3,3'-Trimethylene-2,2'-bibenzo[b]-1,10-phenanthroline (3d). A mixture of 4 (0.45 g, 2.0 mmol) and
cycloheptane-1,2-dione (5d) (0.13 g, 1.0 mmol) in absolute EtOH (20 mL) with saturated alcoholic KOH
(12 mL) was refluxed for 20 h. Evaporation of the solvent under reduce pressure gave brown solid, which
was chromatographed on silica gel eluting with CH,Cl, followed by CH,Cl,:MeOH (9:1). The early
fractions (Rf = 0.80) of CH,Cl,:CH3OH (9:1) afforded of 2 as pale yellow needles (0.12 g, 52%): mp
113-114 °C (petroleum ether:CH,Cl, = 1:1) (lit.,> mp 113-114 °C). All spectral data are identical to those
in the literatures. The latter fractions (R¢= 0.20) afforded 0.10 g (20%) of 3d as yellow needles: mp 240
°C. 'H NMR (CDCls, 250 MHz) & 8.78 (s, 2H, H7), 8.70 (d, 2H, J = 8.5 Hz, H11), 8.13 (s, 2H, H4), 8.04
(d, 2H, J = 8.3 Hz, H8), 7.88 (d, 2H, J = 9.0 Hz, H5/H6), 7.78 (t, 2H, J = 8.3 Hz, H10), 7.74 (d, 2H, J =
9.0 Hz, H6/H5), 7.60 (t, 2H, J = 8.3 Hz, H9), 2.86 (t, 4H, J = 7.5 Hz), 2.41 (quintet, 2H, J = 7.5 Hz). **C
NMR (CDCls, 62.5 MHz) & 157.32, 148.37, 146.92, 145.76, 135.95, 135.89, 135.62, 130.94, 130.38,
129.27, 127.59, 127.53, 127.41, 126.79, 126.62, 125.40, 31.58, 29.93 (two C’s). Mass (ESI) calcd. for
CasHooN4 [M+H]" 499, found 499. Anal. Calcd for CasH,,N41.0H,0: C, 81.37; H, 4.68; N, 10.85. Found:
C, 81.32; H, 4.64; N, 10.92.

3,3'-Tetramethylene-2,2'-dibenzo[b]-1,10-phenanthroline (3e). A mixture of 4 (0.1 g, 0.71 mmol) and
cyclooctane-1,2-dione (5e, 0.38 g, 2.1 mmol) in absolute EtOH (50 mL) with saturated alcoholic KOH (1
mL) was refluxed for 20 h. Evaporation of the solvent under reduced pressure gave brown solid was
recrystallized in CH,Cl,:n-hexane (1:1) afforded 0.30 g (80 %) of 3e as ash solid: mp >320 °C. ‘*H NMR
(CDCl3, 250 MHz) & 8.75 (s, 2H, H7), 8.59 (d, J = 8.7 Hz, 2H, H11), 8.16 (s, 2H, H4), 8.01 (d, J = 8.2 Hz,
2H, H8), 7.88 (d, J = 9.0 Hz, 2H, H5/H8), 7.72 (ddd, J = 8.7, 7.2 Hz, 2H, H10), 7.71 (d, J = 9.0 Hz, 2H,
H6/H5), 7.56 (td, J = 7.2, 0.7 Hz, 2H, H9), 3.04 (dd, 1H, J = 13.8, 8.0 Hz, 2H), 2.54 (dd, J = 13.7, 8.0 Hz,
2H), 2.34-2.26 (m, 2H), 1.89-1.76 (m, 2H). *C NMR (CDCls;, 62.50 MHz) & 156.69, 148.35, 146.91,
144.94, 139.04 (two C’s), 136.68 (CH), 135.82 (CH), 131.09 (CH), 130.16 (CH), 129.51, 127.54, 127.43
(CH), 127.38 (CH), 126.69 (CH), 125.38 (CH), 31.94 (CH,), 29.85 (CH,). Mass (ESI) calcd. for
CssHNs [M+H]" 513, found 513. Anal. Calcd for CssHuN4: C, 84.35; H, 4.72; N, 10.93. Found: C,
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84.38; H, 4.73; N, 10.89.
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